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LGOI NOI PAU

Quyén sach nay dugc viét trén co s& hoan chinh, md réng cac bai giang clia mén hoc “Co sé
Iy thuyét truyén tin” trong nhiéu nam ca nhém téc gid. Quyén sich gém hai phan: Iy thuyét
md va Iy thuyét tin hiéu duoc trinh bay trong by chirong.

Trong quyén sdch ndy, 14n ddu tien, mot s6 van dé ducc dé cap trong chuong trinh mén hoc,
nhu vén dé k¥ thuat nén s6 liéu, nén tin hiéu hinh 4nh va tin hiéu ti€ng ndi; van dé ddi thoéng clia
dudng day doi; cy thé héa thuat todn ma Reed-Solomon; van dé diéu ché OFDM, v.v... D6i
tugng chinh ciia quyén sich nay 1a sinh vién dai hoc, cao dang cla céc trudng k§ 'thuat, thudc
chuyén nganh dién tir - vién thong vA cong nghé thong tin; cling ¢6 thé lam i liéu tham khio
cho cdc gido vién thugc cdc chuyén nganh trén.

V1 d6i tugng chinh 1a cdc sinh vién, cho nén quyén sdch niy rat chi trong dén phin dién giai
cdc thi du. Moi thudt todn déu ¢6 céc thi dy minh hoa. Phdn cu6i clia quyén séch c6 soan thio
sdn cdc cAu hoi va bai tap, s& rdt lgi cho sinh vién va gido vién. Quyén sach nay khong qué khé
dé doc, nhung ngay ca céc nghién citu sinh cling ¢6 thé tim thay cdc goi v bd ich.

Dai véi céc gido vien tré, ching 16 c6 mot 1i khuyén nén bit ddu gidng day tir phdn 1y thuyét
tin hieu, réi sau d6 dén phdn 1y thuyét mé, nhir vay s& thuan lgi hon, hap logic hon. Bdi vi, sinh
vién cdn lam quen véi cdc khdi niém 14y méu, phé tdn s§ clia tin hiéu trudc khi nghién ciu phdn
1y thuyét ma.

Ching t6i mong rdng quyén sdch s& ddp tng duoc cdc nhu ciu cita sinh vién va gido vién va
nhdt dinh khong lam doc gia that vong.

Tuy nhién, do tai liéu tham khao han hep va trinh dé ¢6 han, nén noi dung quyén sdch cdn cé
ché thi€u sét, khong vira ¢, chinh ban than nhém téc gia ciing da nhan thdy cdc van dé do. Mong
rang doc gia, ddng nghiep déng gép ¥ kién, dé ndi dung quyén sach duge t6t hon. Téc gia xin
chén thanh cam on.

Cac tac gia



CHUONG M3 PAU
NHUNG VAN BE CHUNG CUA HE THONG TRUYEN TIN
VA NOI DUNG MON HOC

1. MO PAU

Ti€p nhan, luu gi, x{ 1y, truyén thong tin- dé 1a mét trong cac Iinh vue phét trién s6i dong
nhat trong nhimg ndm gdn day va 1a linh vuc day trién vong trong hoat dong clia con ngudi.
Hang chuc nghin cong ty 16n, nhé khac nhau trén toan the gi6i vOi doanh thu hang ndm hang
tram ty dola tir dich vu tham gia vao nghién citu- phét trién, chée 1ao- san Xual, chuyén giao, khai
thdc-sir dung va budn bdn cde thiét bi truyén tin.

Moén hoc "Co s6 1y thuyét truyén tin" nhim cung cdp cdc hiu biét vé cdc phiong phdp
(thudt todn), cdc mo hinh (so dé) khdc nhau, ciing nhu nguyén Iy chung xur ly thong tin; déng
thoi tit do biét dugce nguyén tdc chung dé xdy dung va hoat dpng cia cdc hé théng truyén tin,
cing nhu nghién citu cdc xu hitdng hién dai phét trién cde hé thong nay.

D6 trong nghién ctru clla mon hoc 1a hé thong truyén tin dién i, 12 hé théng duge sit dung dé
truyén thong tin, chit khong phai dé truyén bt ky mot d6i tuong, hoic ning luong, hode tin hiéu
nao khdc. Tin hi¢u trong cdc h¢ théng truyén tin duge thé hien dudi dang séng dién tir (hoac
dong di¢n) 1a dai lugng vat 1y mang thong tin it ngudn tin d€n ngudi sir dung. Trong thuc tién
cdc he théng truyén tin rat da dang, ching han, hé théng dién thoai c6 dinh, di dong, hé thong
internet, h¢ thong phdt thanh, truyén hinh, v.v...Trong thic tién ciing tén tai cdc he thong k§
thudt dién ur khdc, ching duge sir dung 1am h¢ thong do htong, ching han, hé thong vo tuyén
dinh vi (rada), h¢ théng din dudng, hé théng do tham so clia moi truomg, v.v...Trong cdc he
théng ndy, théng tin ¢é ich duge tich luy vao tin hiéu (hay phat sinh trong tin hi¢u) khi tuong téc
v6i moi trudng xung quanh, hoic déi tugng va phan dnh cdc tham s6 va dic tinh ciia cdc d6i
tugng nay, hodc clia mai truong tin hiéu truyén lan. Tai diém thu thong tin ¢4 ich duge tach ra tir
tin hiéu bing céch do cdc tham s6 phii hop clia séng dién tir.

Vin dé thit hai ma ching ta quan tam trong muc ndy 1a khdi niém thoéng tin (information):
thong tin la gi va ddu la bdn chdt cda qud trinh truyén thong tin? Khdi niém thong tin 1a mot
khai ni¢m trirs tugng va t6n tai nhiéu cich dién gidi khdc nhau, tuy nhién, dinh nghia théng tin
cta C.Shannon 1a ham ¥ nhét: thong tin nhue 16 s6' do cia do bat dinh (mifc do6 chua biét chifa
trong noi dung cha tin tic). Muc dich ca truyén théng tin- d6 14 qué trinh lam mdt di (hoac néi
chung ldm gidm bot) do bat dinh d6i v6i ngudi nhan tin. Nghién cdu dinh leong thong tin duge

trinh bay trong chuong (.



Co 56 1y thuyét truyén tin

2. MO HINH cUA HE THONG TRUYEN TIN DIEN TU

Pé nghién citu hé théng truyén tin dién tir, cing ta hily bit ddu bing viéc nghién cttu mot mo
hinh chung nhédt clia moi hé théng truyén tin, nhu trinh bay trén hinh1. Hon niya, tir viéc nghiém
cttu md hinh hé théng truyén tin, chiing ta s& nhan thac 13 hon v€ #di dung moén hoc.

n(t)

o Thiét bi Kenh Thigtbi | .
(Nguén tin phit H truyén én }—»‘ thu H Nhan tin

Hinh 1. M6 hinh chung cua hé thong truyén tin.

M6 hinh nay chifa dung cdc phin tlr co ban clia mot h¢ thdng truyén tin. Tuy nhién, mo6 hinh
nay khong phan 4nh duge moi hoat déng cdn thuc hién (hay c6 thé thuc hién) vao thong tin
trong qué trinh truyén tir ngudn dén ngudi sir dung. Vi thé, chiing ta cin xay dung mo hinh chi
1i€t hon, phan dnh niitng moi quan tdm ciia mon hoc, theo nghia 1& mé hinkh cda hé thong truyén
(ciing nhur lueu gii7) théng tin, nhur duge trinh bay trén hinh 2.

Chiing ta hdy xem xét cdc dic trung, cdc chife nang chinh cla cdc khoi trong mé hinh 2.

1) Ngudn thong tin (hay tin tirc), néi ngdn gon la ngudn tin

Ngudn tin la noi sdn sinh ra hay chita dung théng tin cdn truyén di.

| ) - I
= l 7 | |
Newon | Mahod Mama [ MEMOA L pisyene
tin i nguon kénh i .
b !
[ i .

| [ n(l)' =

[ CODE '\ MODE g 4

[ : : o=
| R |
f : | :
y o Gidima Giai mat Gidima | Giai |
Ngutsi nhin F:— ngudn | mé kénh { 'l diéuche ||
[ ! I
b e b ;

Hinh 2. M6 hinh chi tiét hon cia hé théng truyén tin,

Khi néi ngudn tin 14 noi san sinh ra thong tin, chiing ta ngu ¥ chi d6 12 d6i tugng, hé théng,
hodc hién tuong vat 1y hinh thanh nén tin tic dé truyén. Con chinh tin tidc 12 gid tri hodc s6 do
theo mot dai lugng vat 1¥ nao d6 phan dnh trang théi cia déi tuong (ciia he thong, hoac clia hién
tugng). Nhu chiing da biét tin tfc nguyén thuy nhw ti€ng néi, am nhac, hinh anh, s6 do cdc tham
s6 moi trudng, v.v... 1a him chia thdi gian, khéng phai 12 dai htgng dién. Véi muc dich dé truyén
theo kénh lien lac cha hé théng truyén tin dién tir, thi cdc tin tde ndy cdn dugc bién ddi thanh #in
hiéu dién thay ddi theo thoi gian, ching ta ky hiéu 1a s(t) (hoac x(t), w(t), ... tity hoan cénh), 4t
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Chuong md dau: Nhitng van dé chung. ..

nhién phdi phan 4nh tin tc ban ddu. Qud trinh bi€n déi nay nth& cic thiét bi ddu cuéi (cdn goi 1a
thiét bj dinh dang) nhu micro, camera, v.v... Con khi néi nguén tin 12 noi chia dimg (hay liru
gilt) thong tin d€ truyén, chiing ta muén néi téi cic ban ghi, cédc trang viét, hay biic anh, v.v...,
nh& phép dinh dang, chiing duge biéu dién 1a chuéi clia cdc phan tir nhi phén, ching 1a goi la
véctd 8, ¢6 dang S(s,, ,....54).

2). Md hod nguén

Céc tin tiic ban dau nhu tiéng néi, 4m nhac, hinh anh, v.v...sau khi duge chuyén ddi thanh tin
hiéu dién, ky hiéu la s(t), ching khong chi 1 ham lién tuc cia thii gian, ma con ta ham cia mot
vai bién khong gian. Chang han, tin hiéu video mau 13 ham cta 2 bién khong gian chi do sdng,
mau sic va bién thdi gian t. Khi ma hod ngudn, cic tin hiéu lién tuc theo thoi gian (tin hieu
twong ty) cén lien quan dén thi tyc 1y méu (rdi rac theo thoi gian), c6 nghia 1a bién doi thanh
cdc phan tiy ri rac {s;}. Vi vay, ching ciing c6 thé trinh bay dudi dang vécto S,

Ma hod trong trudng hgp chung 1a phép bién déi tin tic S(s,, s;....,8y) thanh dang mi duge chon
trude nao ddy C(a,, a,,..., o). Thong thudng (chir khong nhét thiét) phép ma hod nguén 1a phép
md hod kinh 1€, hay tiét kiém, hay la phép nén s&liéu, nhim nén chét s6 liéu dé ndng cao téc doé
truyén tin, hodc dé gidm ddi thong yéu cdu doi voi kénh truyén. Vi vdy, kich ¢& clia t4p md - dim
Clay, ..., o) nhd hon, hodc nho hon nhiéw kich ¢& ciia tap tin - dim S(s,, SayeresSa).

Néu phép nén s6 ligu véi muc dich dé khi gidi nén khoi phuc chinh xée tin tic ban ddu, thi
dugc goi 12 phép nén khong tiéu hao théng tin. Phép nén s6 lieu khong gy tiéu hao thong tin
duoc sir dung d€ nén van ban, céc file chuong trinh, bin v&, v.v..Trong trudng hgp nay cdn khoi
phuc lai chinh xdc tin titc ban d4u.

Trong trudng hgp khdc khong cdn (hodc chinh xdc 12 khong thé) khoi phuc chinh xAc tin tifc
ban dau, vi nhiéu 1y do khdc nhau. Trong trudng hop nhu the s& sir dung phép nén cé tiéu hao
thong tin, khi gidi nén khong c6 khd ndng khoi phuc chinh xdc tin titc ban déu. Tuy nhién, phép
nén ¢6 tiéu hao cho mitc d6 nén chat (gidm dung luong s6 liéu nén) cao hon nhiéu so véi phép
nén khong gy tiéu hao. Céc tin tifc ¢6 nguén gdc tir ti€ng ndi, am nhac, hinh anh, v.v..., khi thyc
hién phép ma hod ngudn, thong thudng 12 phép mi nén s6 lieu c6 tiéu hao.

Céc phép ma hod ngudn, hay cdc ma kinh t€ (ma nén) chiing ta s& nghién ciu k¥ hon &
chuong 2.

3). Mdt ma

Céc thong tin quan trong vi nhay cdm khi truyén theo kénh lién lac, hay luu gilt cAn phai dugc
an togn. DE bao dim chitc ning an toan va cdc chitc nang khic nhu xdc thuec, toan ven néi dung
tin titc, ngud ta sit dung mat ma.

Mat ma thye hién bién déi tin tic tir dang doc (hoac nghe, hoac nhiny hiu duge thanh ra dang,
ma khi doc (hoic nghe, hoac nhin) khéng hiéu duoc.

11



Co s& 1y thuyét truyén tin

Mat ma va cdac van dé lien quan 1a mot chi dé rong 16n, ching ta s&€ tim hifu so luge &
chuong 4.

4). Md kénh (hay md chong nhiéu)

Khi truyén tin wic theo kénh lién lac ¢6 nhiéu c6 thé s& cd mot phan théng tin bi mét mdt trén
dé, tai diém thu tin tde ¢6 thé bi méc 16i. Dé bio dam khé nang phdt hién ra l6f va manh hon 12
stta dé gidm 167, ngudi ta slr dung md chéng nhiéu.

Ngay nay, ton tai nhiéu phuong phép (thuat todn) xay dung ma chdéng nhiéu, nhung chiing déu
dua trén nguyén tac chung 1a b6 sung vio tin tic cn truyén mér luong dw thia ndo d6, chinh
nhd tin tite du thira ndy ma phia thu ¢6 kha nang phdt hién 161 va stra 18i. Nhu vay, phép mé hod
nguén xay dung theo nguyén tic giagm dé du thia, con phép ma hoa chdng nhiéu phai xay dyng
theo nguyén tic tdng dé die thura.

Ca phép mi hod ngudn (phép mi nén), ca phép ma hod bao mat (mat ma), cling nhu ma kénh
(ma chéng nhiéu) khong nhat thiét phai tén tai trong hé théng truyén tin. Trong qua khit cde hé
théng truyén tin twong ty da khong ¢6 cac phép bién doi nay. Cdc hé thong truyén tin 56 hod, ¢
nhiéu uu diém hon, xuat hién trong may chuc nim gin day, 12 xu the tdt yéu cla thoi dai, ¢6 thé
bét budc phai ¢6 cdc phép bién ddi nay.

5). Diéu ché

P4u ra clia bd ma hod kénh 1a chudi cdc Ky hiéu nhi phan, chiing ta ¢6 thé ky hiéu bdi vécta V,
¢6 m phén tlr - V(v,, v5,..., V) va biéu dién tin hiéu tuong tng véi V duge goi la tin hiéu bang co
sd. Tin hiéu bang co s& (2 tin hiéu ma phd tdn s& cha né v6i phén 16n nang lugng tap trung &
viing t4n s& thdp, quanh géc toa do (f = 0), ¢6 thé coi gan diing 4 tin hiéu c6 phé tdn s6 tir 0 dén
Froax n20 d6 (Van dé phd tdn s& clia cde tin hiéu bang co s& duge nghién citu trong chuong 5).
Cic tin hiéu bang co s& khong 6 kha nang thich img v6i kénh truyén va khong thé ty chiing
truyén lan di xa duge.

Diéu ché cé chitc nang lam cho tin titc nguon, hode chudi cde ky hiéu nhi phdan phoi hop vor
ddc tinh kénh truyén, cé thé truyén déng théi tin hiéu tir nhiéu ngudn tin tic va tin hiéu sau diéu
ché’cé thé truyén di khodng cdch xa.

Piéu ché thuc hién bign déi tin hiéu ngudn s(t), hoac vécta V (déu 12 tin hiéu bang cd s&)
thanh ra #in hiéu ddi thong. Tin hiéu dii thong 12 tin hiéu ma pho tdn s6 cha né véi phin 1én
ning luong tip trung quanh tdn s6 mang fc.

Ngay nay, t6n 1ai nhiéu phuong phédp va cdc mé hinh khdc nhau dé€ diéu ché. Chiing ¢6 cdc ddc
tinh khéc nhau, ciing nhu cde hiéu qud khédc nhau, chiing ta s€ nghién cifu trong chuong 6.

6). Kénh truyén
Kénh truyén la méi trudmg dé truyén lan tin hiéu. Dang vat chit cu thé clia kénh truyén rit da

dang, ching han:
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Chuong mdé dau: Nhing vian dé chung. ..

=

¢ Dudng day dai,
¢ Cipdéng truc,
* (Cdpquang, v.v...,

Trong nhiéu trudng hop khde, kénh truyén 1a khodng khéng gian gitta thiét bi phdt va thigt b
thu,

Trén kénh truyén ngoai tin hiéu cé ich, ky hiéu S(t, V), con tén tai nhiéu, k¥ hiéu n(t). Nhiéy
c6 thé phan biét thanh hai loai chinh: rap dm va can nhiéu.

C6 thé phan loat nguén goc ciia tap dm nhur sau;

* Tap am khi quyén duge sinh ra do sy phéng dién, do thay déi cdc tham s6 clia méi
trudng, nhy nhiét d6, do 4m, mat do khong khi, do cao va mat do cic I16p dién tich (1dp
E, D, F), v.v...Khi truyén séng trong khodng khong gian ¢6 thé phat sinh hién tuong pha
dink Jam cho bién d6 cia tin hieu thing gidng ngdu nhién hoac cham, hoic nhanh theo
thai ghan,

e Tap dm vii try do hoat dong clia mat rdi, cdc vi sa0, v.v...Doi khi ¢6 thé xuat hien bio
tlr, gy gidn doan lién lac,

e Tap dm noi bg ciia hé théng truyén tin, trong d6 c6 tap Am nhiét, tap am do cdc khau,
khdi lam viéc khong nhur thiét k&v.v...

* Tap dm nhan tao do céc hoat dong cong nghiép ciia con ngudi, nhu truyén tai dién nang,
do han di¢n, dénh lita clia buzi 6t6, xe may,v.v...

Can nhiéy: can nhidu v6 tuyé€n la mot trong nhimg vén dé quan trong b4c nh4t trong thiét k&,
khai théc, bio tri cdc hé théng truyén tin. Do sy tang trudng nhanh chéng s6 luong céc he thong
truyén tin vo tuy&n, cho nén khong thé bao dam Ix mot he thdng nao d6 hoat dong khong gay
nhiéu, hogc khong bi nhiéu tir cic he théng khac. Nhidu gidi phdp k¥ thuat khdc nhau da duoc
xdy dung dé€ han ché can nhiéu.

Do c6 nhiéu, nén tin hi¢u tai diém thu c6 dang:

U(t) = &.5[(t-1), V'] + n(t)
trong do: € - déc trung cho suy gidm nang lugng tin hiéu khi di qua kénh truyén. ¢ 2 dai lugng
ngau nhién, phu thudc vio thdi gian t, vao tin 56 £, vao dia hinh, v.v...;

T - thoi gian gilt cham tin hiéu, cling 1a dai luong ngdu nhién;

Ddu (*) chi su sai léch clia vécto V giita ddu vio véi ddu ra kénh truyén, do nhiéu;

n(t) - got 1a nhiéu cong (con ¢6 ca khdi niém nhidu nhan).

Chi tiét hon vé vin dé truyén séng qua khoing khong gian duge nghién civ trong mon hoc
"Trudng - truyén séng".
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Co 53 1y thuyét truyén tin

Mot vin dé thuc tién khic, khong quan hé 16i can nhiéu va tap am, d6 1a vén dé ddi thong cia
kénh truyén khong di khi truyén céc ky higu t6c dé cao. Hoac mdt vén khéc ciing wong tu nhu
trén, mac dii ban chét khic xa nhau, la vin dé truyénp tin trong méi trudng da dudng, ching ta
goi 1a nhiéu da duong. Liic nay khi truyén qua keénh, céc ky hiéu tai diém thu cé xu hudng kéo
dai ra va chéng 14n Ién nhau, dugc goi 1a nhiéu giao thoa gida cdc ky hi¢u- ISI (Inter Symbol
Interference). Hién tuong nay gay cho mach quyét dinh nhdm va phét sinh 16i.

Thiét bi thu. Két thic ciia moi kenh truyén 1a thi€t bi thu (xem hinh.1), vSi chifc ning thu
nhan tin hi¢u va khoi phuc lai cdc tin titc da gi di tif nguon tin. Thiet bi thu v(i kha nang thu
nhan chinh x4c cuc dai theo dao déng U(t), khoi phuc lai tin tie ngudn s(1), hodc vécto nguon S.
Tin tc thu nhan (khoi phuc) do c6 nhiéu, nén sai léch so véi tin tidc da gir di. Tin tic thu nhin
s& duge goi 1a ddnh gid (vi th€ ¢6 tén goi tin tifc ddnh gid) va duge kY hi¢u la 5(1), hoac S.
Qud4 trinh ddnh gi4 tin tic theo dao dong thu nhan trong trudng hop chung lién quan dén mot vai
giai doan, dugc trinh bay dudi day.

7). Gidi diéu ché

Pé khoi phuc lai tin tiic ngudn, hay danh gid §(¢), hodc S, thi€t bi thu cdn phéi phu thuoc
theo dao dong thu nhan U(t) va véi hiéu biét clia minh vé dang tin hiéu va khd ndng diéu ché’khi
phét, dé nhan ra ddnh gid cta chudi ky hi¢u ma vV, duoc goi 1a chudi ky hiéu md thu nhdn, ky
hiéu P. Thit tuc ndy duge goi 1a gidi diéu ché. Dong thai thi tye giai diéu ché& cdn phai thyc hién
sao cho chudi ky hiéu ma thu nhan P khdc biet cuc 1iéu so véi chudi ky hiéu ma phdt V. 3 day,
tuy theo cich dat van dé va tuy theo khi nang giai quy€t bai todn gidi diéu ché€ dao dong thu
nhan U(t), xuét hién cc bt todn thu t6i wu tin hié¢u rong nén nhiéu (phat hign t6i wu, phan biét
£6i wu tir mOt vai tin hiéu, v.v...). Vin dé nay ching ta s& nghién ciiu & cdc mon hoc khéc.

8). Gidi md kénh

Chudi ky hiéu ma thu nhan P, trong trudng hop chung, khdc biét vi chudi ky hi¢u ma pht Vv
(& d4u ra clia mé hod kénh), do ¢6 nhiéu tren kenh truyén. S6 lugng 18i trong chudi P phy thuge
vio mic do nhiéu trén kenh truyén, t6c do truyén (trong su phil hop v6i dai thong cia kénh
truyén), dang kénh truyén, chon dang didu ché va tat nhién phu thude vao kha nang thu (giai
diéu ché) dao dong U(t). Bai fodn gidi md kénh 1a phdr hién va wy thuge kha nang sua céc 16i.
Thi tuc phét hién va sira 181 trong chudi ky hidu mé thu nhan P dugc goi la gial md kénh. Ngay
nay t6n tai hang loat cdc phuong phép (céc thuat todn) va kem theo do 12 bang loat cdc md hinh
giai ma kenh, chiing ta s& nghién citu chii d€ nay trong chwong 3.

9). Gigi md mdt

Néu trong mo hinh kénh truyén c6 st dung mi hod bao mat, thi sau khi giai ma kénh s& tiép

dén thi tuc gidi ma mat. Tir van ban ma thu nhan dugc (cling goi 12 danh gid cua vdn bdn md) va
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Chuong md ddu: Nhimg van dé chung...

tuy thude theo khod déng thod thugn ciia hai phia, thi tuc gidi ma mat ¢6 chic nang khoi phuc
lai vdn bdn ré (ddnh gid van ban 16). Tuy thuéc vao phuong phap (thuat todn) duge chon lira ki
ma hod, ma c6 thil tuc gidi mit ma twong tng. ' day con thém thi tuc trao déi khod cho timg
phién lién lac.

10). Gidi md nguon

Tir chudi ky hieu van bén 15, hodc tir chudi ky hiéu ma (sau gidi ma kénh), giai ma ngudn c¢é
chiic nang khoi phyc (ciing la qud trink ddnh gid) rin nic $(t), hoic vécto S . Ban chat ciia bii
todn giai ma ngudn, néi chung, Ja bai todn gidi nén. Tuy thuoe vao s6 licu dugc nén va tuy thude
thuét todn nén duoc sir dung, ma qud trinh giai nén 12 qua trinh bién déi nguge. Tuy nhién, ddnh
gid tin tic 5'(¢) chi 1a x&p xi, con toan bd qui trinh ddnh gig S phai c6 do chinh xdc cao (xem
muc dudi vé BER).

Dé ket thic muc nay, doc gid cdn chii ring, trong nhiéu sich * Co sd ly thuyét truyén tin”
khdc, c6 dé cap 6i so d6 hé théng truyén tin véi nhiéu chiic ning hon nifa. Tuy nhién, vi didu &y
c6 thé gay qud tdi cho ngudi doc, cho nén chiing t6i chi trinh bay nhiing n¢i dung gi, ma mon
hoc ¢6 thé vdi 16i.

3. CAC YEU CAU cO BAN CUA HE THONG TRUYEN TIN

Céc hé th6ng truyén tin khdc nhau, c6 cdc yéy cdu cu thé khdc nhau. Tuy nhién, ching déu c6
cdc yeu cdu chung sau day:
1). Tdc d¢ truyén tin. Truyén tin nhanh 13 mot yéu cau cha moi hé théng truyén tin, né duge dac
tring bang t6c do truyén tin, ky hieu la R{bit/sec]. T6c do truyén tin phu thuge vao t6c do san
sinh tin clla ngudn, ciing ky hieu la R[bit/sec]; phu thuoc vao mirc do nhiy tren kenh truyén va
bj han ch€ boi kha nang thong qua (hay dai thong) cia kénh truyén.
2). Dung lugng cia kénh truyén, ky higu 1a C [bit/sec]. Dung luong kenh truyén duoc dinh
nghia 1a 16¢ do truyén cuc dai, C=R,,. Dung lugng ciia kenh truyén phu thuoc vao ban chat vat
ly cita kénh truyén va vio cdc k§ thuat didu ché/gidi diéu ché tien ti€n duoe sir dung trong hé
thong truyén tin. N6 duoc hiéu 1a kha nang thong qua cyc dai clia kénh truyén, ma khi truyén véi
téc do dé, hé théng truyén tin van lam viéc theo cdc tiéu chudn da dinh truse (chang han, ti s
bit 16i).
3). B¢ chinh xde. Khi truyén trén kenh c6 nhiéu, h¢ théng truyén tin phai 6 kha nang chéng
nhiéu. D6 chinh xdc duge dic trung bing ti 6 15i bit:

Ti s6 16i bit- BER (Bit Erro Ratio) = (téng s6 bit 16iténg s6 bit di truyén), xdc dinh trong
khoang théi gian do.
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Co s 1y thuyét truyén tin

Vi cdc hé thong truyén tin khdc nhau, c6 yéu cdu vé BER khac nhau. Chang han. hé thong
dien thoai c6 dinh yéu ciu BER < 10™; hé thong truyén s6 liéu yéu cdu BER < 10®; trong khi d6
heé théng tin quang bio dam duge BER < 107",

4). An toan. Moi hé théng truyén tin déu phii bao dam chiic nang an toan theo nhiéu mic do
khdc nhau. An toan thong tin 12 yéu cdu cia moi ngudi stt dung. Nghia cta thuat ngit an toan rat
rong, khong chi 1a mat md, hay kiém sodt quyén truy nhap, hoac cé kha nang phong, chéng
virut, v.v...

5). Pé tin cdy. Do tin cay cha hé thong k¥ thuat, néi chung, 1a tinh chat ctia hé théng cé kha
nang hoan thanh nhimg cong viéc duge giao va duy i céc tham s6 k¥ thuat trong mét gidi han
dinh truéc. D6 tin cdy clia hé théng k¥ thuat dugce dic trung bdi cdc chi tiéu cta nd, ching han,
tinh it hong, tinh thuan 1gi trong khai théc sir dung, ¢6 tudi tho cao, v.v... Dé he thdng k¥ thuat
6 d0 tin cay cao, ddi hoi hang loat cic giai phap k¥ thuat, trong 6 rit thudng xuyén st dung du
trit.

6). Tinh kinh té. Vin dé Kinh t€ vira 1a myc dich vira la didu kién dé hoat dong chha con ngudi.
Xu hudng chung clta moi hé théng k§ thuat 1a cung cdp cho con ngudi chdt lugng céc dich vu
ngdy cang cao, véi gid thanh ngay cang ré. Tuy nhién, cing phai thiy ring giita gid ca va chit
luong thiét bi, dich vu luén ¢6 m6i quan hé tuong tng véi nhau.

4. NO! DUNG MON HOC

Nhir da nhan thiy trong céc muc trén day, vira trinh bay muc dich mon hoc, vira trinh bay cdc
ndi dung clia mon hoc. Tir d6 chiing ta thdy moén hoc nay c6 hai noi dung chinh:
1. Ly thuyét md: gbm cdc chuong 1,2,3va 4,

2. Ly thuyét tin higu: gém cdc chuong 5 va 6.

5. 86 TUC TOAN: LY THUYET XAC SUAT, DAl LUGNG NGAU NHIEN, QUA
TRINH NGAU NHIEN

Ly thuyét xc sudt, dai lugng nghu nhién, qud trinh nglu nhién 14 ca s& todn hoc ca moén hoe
nay. Vi thé, d€ ¢6 kha ning ti€p thu moén hoc, bat budc moi sinh vién phai ndm viing d6i tuong
todn hoc ndy. Tuy nhién, vi d¢ dai cuén sdch c6 han, nén chiing 161 khong trinh bay cdc vin dé
nay; doc gia 6 thé tham khio & nhiéu tai hiéu khdc.
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CHUONG 1
LY THUYET THONG TIN

Trong chuong nay, ching ta sé nghién cite nhimg van dé co ban cha hé théng truyén tin bing
ly thuy&t todn hoc thudn tuy (rir muc cudi ¢6 st dung kin thitc cia k¥ thuat vién thong). Co s&
todn hoc clia chuong 1a 1y thuy€t xdc suét va qua trinh ngdu nhién. C4c van dé co ban cia moi hé
thng truyén tin I3 vin dé truyén thong tin qua kenh trong didu kien khong ¢6 nhiéu va ¢6 nhiéu;
van dé t6c do truyén tin, va kha nang thong qua clia cac loai kénh truyén
1. D0 PO LUGNG THONG TIN CUA TIN TUC R3) RAC

Cdc hé théng truyén tin duge sir dung dé truyén tin e tir nguoi gini 1§i ngudi sir dung. Tuy
nhién, khong phai moi noi dung bat ky cha tin tic déu chia dung thong tin. Théng tin, dé la
16ng hop nhitng tri thic vé ds; tegng, hode hién tuong, ma chiing lam idng hiéu biét ciia nguoi
nhgn vé doi tugng, hodc hién firong dé.

Trong 1y thuyét toin hoc ciia truyén tin (1 thuyét théng tin) chi ra rdng trong mat tin X, nio d6
¢6 luong thong tin I(x,) khong phu thuge vao noi dung cu thé, mic do quan trong v.v.., ma phu
thugc vao tin ndy duge chon nhur the nao tir 18 hop chung cdc khi nang ciia cic tin.

Trong céc diéu kién thuc tién, viee chon mét tin cy thé duoc dién ra véi moét xdc sudl tién
nghiém p(x;} ndo dé. X4c suat nay cang nho, thi lugng thong tin chita dung trong tin nay cang
16n.

Khi xdc dinh Iuong thong tin, ngudi ta xust phét tlr cdc yéu cdu sau;

1. Luong thong tin cdn phai ¢6 dac tinh cong: luong thong tin cba céc tin khéng phu thude
14n nhau, cdn phi bing luong thong tin téng clia cdc tin.

2. Luong thong tin vé sy kién chic chin (p(x;) =1) c4n phai bing khong, bdi vi cdc tin nhu
thé khong 1am tang hidu biét cla chiing ta vé d6i tugng hodc hién tuong do.

Céc yeu cdu trén phd hop véi viée xdc dinh lugng thong tin riéng cia tin nao dé qua dang

logarit nhu sau:

i

I(x,)=log ! =—log p(x,) (1.1)
p(x;)

Thong thudng co s6 cha logarit duge ldy1a 2, hojce:
I{(x,)=-log, p(x,) don vinhi phén cta luong thong tin 1a [bit).
I(x)=~Inp(x,) donvi logarit tu nhign ctia lugng thong tin la [mit].

1 bit 1a lugng thong tin riéng cia tin o xdc sust bang 1/2, va duge xdc dinh;

I(x,)=-log, % =log, 2 =1bit.
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Co 53 1y thuyét truyén tin

Khi 4p dung logarit ty nhién, thi 1nit dugc xdc dinh 1a luong thong tin riéng cla tin ¢ xdc sudt
bang l/e:

1
I{x,)=-In—=1ne=1nit
€

Thong thudmg cho ring trong thyc tién viéc truyén, xir If, luu gilt thong tin & dang nhi phan: ky
hiéu nhi phan, nguén nhi phan, kénh nhi phan..., vi vay don vi do lugng thong tin duoc su dung
la [bit].

Khi xdc dinh luong thong tin clia mdt tin, ching ta cho ring tin 1a phdn tlr nhé bé nhét, Khong
thé chia nhé hon duge nita. Nhur vy, tin c6 thé 1a cdc k¥ tu, hoac trong dang nhi phan la cac ky
hieu "1" hoac "0"- ¢6 noi ngudi ta ciing goi 1a ky tu. Té hop cia cdc ky wr goi la tir, cling tuong

tu nhy vay, t& hop clia cdc k¥ hiéu nhi phan ciing duge goi la tir.

2. ENTROPY CUA NGUON ROI RAC VOI CAC TIN PUGC CHON KHONG
PHU THUQC VAO NHAU

Trong 1y thuyé&t thong tin, cin phai bit khong chi luong thong tin cuia timg tin riéng biét I{x;),
ma cdn cin phii bi€t luong thong tin trung binh cla cic tin trong tin tirc, duge tao ra tir mot
ngudn tin nao dé.

Néu c6 mot tap tin X (tap toan phan), bao gém N tin x,, X;,..., Xy V01 Xdc suat p(X;)s p(X2)eees
p(xy), thi lugng théng tin trung binh cla méi tin H(X), con duoc goi 1a entropy clia ngudn tin,
duge xdc dinh theo cong thire:

N N
H(X) = E{I()) =2, px)I () = -2 p(x)log, p(x) (1.2)

Pon vi cha luong théng tin trung binh 1a [bivky ], hodc [bit/ky hig¢u].

Entropy dac trung cho ngudn tin theo quan diém do bat dinh, khi so sénh cdc nguén tin Khéc
nhau.

Cic dic tinh cia entropy H(X):

1. Entropy la mot dai lugng khong am H(X) 2 0. Piéu nay thay ro khi xem xét cong thirc

(1.2).

2. Do bét dinh cha tap tin cang 6n, thi entropy cang l6n. Do bat dinh cyc dai khi cdc tin
xuat hién déng xdc sut, véi xdc suft mbi tin p(x,) = p(xp) = ... = p(Xn) = 1/N.
Trong trudng hop nay:

&1 1
HX) = HX)pe = - ) — log, — =1log, N (1.3)
; N g2 N 22
Nghia 12 cuc dai clia entropy bing log, cia kich c@ N clia t4p tin. Vi tap tin nhi phan
N =2, HX),.. = log,2 = 1 bit.
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Chuong 1: Ly thuyét thong tin

3. D06 bit dinh cuc tiéu, néu mot tin nao d6 cla ngudn tin ¢é xdc suat bing 1, cédc tin con
lai ¢ xdc sudt bang O Pix)) = 1i p(x,) = p(x,) = ... = p(xy) = 0. Trong trudng hop nay
H(X} = H(X),, = 0.
V6t mét nguén tin bat ky, ching ta Judn luén cé:
0<sH(X) < H(X) . =log, N
Ta xem xét mot nguén nhj phan, nghia la nguén chi bao g6m 2 loai tin x,. X, véi p(x,) + p(x,)
= 1. Khi do:
H(X)= —-plx,).log plx)- p(x;}log p(x, )

= —-p{x)log p(x)) ~[1- p(x, )]-tog[1- p(x))] (1.4)
Sy phu thude cha H(X) vao xdc sust chon, d6i véi ngudn nhi phan dugc trinh bay trén hinh 1.1.
Hx)

|
0,5

_ _ . P(xy)

0 0.5 1 pix;)

! 0,5 0 pix;)

Hinh 1.1. Sy phu thudc cdia H(X) vao xdc suét p(x;) ciia nguén nhj phan.
4. Gid thir & ddu ra clia mot ngudn nhj phan, ta ¢6 thiét bi ding d€ nhém n ky hiéu tao
thanh mét tir. Khi d6 Iue lugng cdc tir N = 2°. hon nifa c4c tir xudt hien dong xdc suit.
Trong trigmg hop nay:
H(X), .. =log N =log, 2" = nbit (1.5)
Nhu vay, khi nh6m cdc ky hieu dé tao thanh tir ddn dén 1am tang entropy lén n [4n, bi vi khi
d6 méi tir c6 n ky hieu nhi phan. Chinh diéu nay di chiing minh cho dac tinh cong cila entropy.
Thuat ngir "entropy” 14n diu tien duoc sir dung bai nha béc hoc C. Shannon trong cong trinh
"Ly thuyét woén hoc ciia truyén tin " xust bin nam 1948. Ngay nay da tré thanh co s cla ly
thuyét truyén tin.
3. ENTROPY CUA NGUON RGI RAC VOI CAC TIN PHU THUQC LAN NHAU
Tren day ching ta di xét entropy ciia tin tic véi cc tin o6 xdc susdt xust hién khong phu thuoc
vao nhau. Muc nay, chiing ta s& khio sat truong hop phiic tap hon, khi c6 nguén tin tic c6 lién
he trong quan. Ching han, 1a c6 mot ngudn san ra cdc ky ur (ky hi¢u), ma ky ty dugc san sinh ra
ti€p theo phu thue vio n ky ty da san sinh ra trudc dé. Mo hinh todn hoc chia mot nguén rhu the
duoe goi chudi Markov bac n, trong dé xdc suat xudt hién cla ky 1y ti€p theo phu thuéc vao n
gid tri xdc suat da c6 trude dé, ma khong phy thudc vao nhidu hon. Ta ¢6 thé bidy din:
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Co sd 1y thuyét truyén tin

POX, /X,y X s X, ) = PAX XX s Xy s X ) (1.6)
v6i ¢ 1a hang s6 duong bt ky.

Né&u s6 lugng céc k¥ tu cha ngudn bang N, thi s6 lugng céc k¢ tur phu thude vao nhau cdn duge
tinh khi x4c dinh xdc suat cha ky ty ti€p theo, bing bac n clia ngudn, thi méi mot ky ur cd thé
xudt hién truéc M = N ky nr két hop khac nhau (trang thi coa ngudn), bi anh hudng dén xédc
sut xudt hién clia ky ty x; ti€p theo & ddu ra cla ngudn. Con xdc suat xust hién trong tin tic bt
ky gém N kha nang clia cdc ky ty duge xdc dinh bing xdc sudt ¢ diéu kién (1.6) véi su tinh
todn ciia céc k¥ tu xudt hién trude d6, nghia 12 vai sy tinh todn M trang thdi ¢ thé. Nhiing trang
thdi nay duge k¥ higu la q,, q;..... qu-

Chiing ta xét 2 thi du don gian
Thi du |: Gia thir c6 mot nguén nhi phan (s6 lugng ky higu N = 2), chang han ngudn chi cé 2 ky
ty a, b; bac cia nguén n = 1. Khi do s6 luong céc trang thdi clia nguén M = N"=2' =2 (goi cic
trang thdi chia ching 12 q,, q;). Trong trudng hop nay xéc sudt xudt hién clia cdc ky wr a, b s&
duge xédc dinh theo cdc xdc sust c6 diéu kien:

plalq, =a), plalq,=b), pblq, =a), p(blq, =b),
q, = &, trang thi thir nhat q;;
q; = b, trang théi thif hai g@,.
vGi céc xdc sudit p(q,) = p(a), p(q.) = p(b),
Thi dy 2 Gia thiy, ta c6 ngudn tin nhw thi dy ren N = 2 (c4c ky tu a, b), tuy nhién, bic cha
nguén n = 2. Khi d6 M = 2* = 4. C6 4 kha nang trang thii: (a, a) = gy, (8, b) =z (b, a) = Qs
{b, b} = qs.
Trong trudng hgp ndy c6 céc xdc suit cé diéu kién sau:
p(a/q,). p(alay), plalqs), plarga), p(b/g.)s...
Céc x4c suft trang théi duoc xc dinh biing: p(q)) = p(a, a); (g2 = pla, b), p(qs) = p(b, a)
p(g.) = p(b, b).
Entropy cla ngudn roi rac ergodic duge xé4c dinh trong hai qué trinh:
1. Tinh todn entropy ciia nguén trong méi trang thdi tir M trang thdi, coi c4c trang thdi nay
da biet:
N
P6i véi trang théi q, H(X/q,) =-Z plx, /g Yog p(x,/q,)

i=1

N
D6i véi trang thii q, HX/q,) =— D, p(x, /9,)10g p(x,/4,)

=]
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N
D61 véi trang thdi qu HXaqw) =- Y p(x, /g,,)log p(x, / q,,)
i=1
2. Sau d6 tim H(X) béng trung binh theo t4t ¢a cac trang thdi g:
M
H(X)=3 p(g)H(X/q,)
i=|

Cu6i cing chiing ta nhan dugc:

N

A
H(X)=-3 p(a,)3 p(x,/q,)log p(x,/q,) (1.7)
1=l |

Khi c6 su lién he tuong quan giita c4c ky ty (ky hi¢u) trong nguén ergodic thi entropy s& giam,
bdi vi khi d6 gidm dé bat dinh ctia viéc chon céc ky tyr va trong hang loat cdc trudmg hop mot s6
ky tu c6 thé dodn ra duge theo cdc Ky tr biét trude hoac ding gin,

4. DO DU THUA cUA NGUON TIN

Nhu da chi ra trong muc 2 va 3, entropy dat gid tri cyc dai khi céc tin x; clta ngudn c6 phan b6
dbng xdc suat va khong c6 lien he twong quan véi nhau. Khi phan b6 x4c sudt khong déu hoac
c4c tin c6 lién h¢ tuong quan véi nhau thi entropy giam.

Entropy cia ngudn cang ti€n gén gid trf cuc dai, thi ngudn lam viéc cang hop 1y.

Dé dinh gid vé viec nguén s& sir dung cdc tin clia minh 6t nhu the ndo, ngudi ta dua vao khdi
nign d¢ du thira ca ngudn tin tic:

H(X) o —H(X)
%) = max 100%
B O = O '
hodc la;
g %) =[1-HX) | 1500, (1.8)
log N

Xét ¥ nghia ciia do du thiva g,,(%):

* Sy t6n tai do du thira trong nguén tin tic dén dén lam ting tai cho kénh truyén tin, khi d6
phai truyén di cdc tin du thira, khong mang thong tin (chiing c6 thé du dodn ra duge, ma khong
cdn truyén). Trong trudng hop ndy, trudc khi truyén tin hoac luu giif chiing, ngudi ta sir dung ma
kinh t&€ hay ma nén tin tic, dé giam do du thira cira van ban ma (xem chuong 2)

* Tuy nhién, do dy thira cha tin tic, trong trudng hop khéc, lai ¢6 ich, né duge sit dung dé 1am
tang do tin cdy cia qué uinh truyén tin. Ching han, trong kénh truyén ¢6 nhiéu, dé xay dyng mi
chéng nhidu, ngudi ta b6 sung them do dur thira trong tin tic gui di, nh& né ma khi gidi mi ¢6 thé
phit hién ra 16i va manh hon 1 sira 161 (xem chwong 3).

* D6 du thira 16n c6 trong moi ngén ngi bat k§. Chang han, do dur thira trong nhiéu ngon ngit ¢
50%. Nhés 6 do du thira s& bao dim kha nang hiéu duge ti€ng néi, khi c6 khuyét tat trong phat
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am, hodc xudt hién 16i khi truyén tin hiéu tiéng néi qua kénh lién lac. D6 du thira 1am cho cdc
ngoén ngit trd nén da dang, phong phi, nhi¢u ngit nghia.
5. NANG SUAT CUA NGUON TIN

Ning sudt (t6c 4o san sinh tin) clia ngudn tin duge xdc dinh bang s6 lugng thong tin truyén
qua kenh trong mot don vi thoi gian. Nang suit cha nguén nhi phan dugc do bang [bit/sec]. Néu
t4t c4 phdn tir clia nguén tin tic c6 do dai T nhu nhau, thi nang sudt clia nguén duge xdc dinh:
- H(X)

T

R (1.9)

Ne&u céc phén tir cha tin tic c6 do dai v, khdc nhau, thi c¢in phai xdc dinh d¢ dai trung binh 7,

la k¥ vong todn hoc clia cac do dai ;

7=21,p(1)

=1

Trong cong thiic trén, ching ta cot p(t) = p(x;} (1a x4c suét cla tin thi i), ban vi cdc xdc sudl
nay bang nhau. Két qua ta nhan dugc:
N
F=>1,p(x) (1.10)
1=1
va nang sudt clia ngudn duge xdc dinh:
_HX)

T

R (1.11)

Cuc dai nang suét ciia ngudn rdi rac bang:
_H(X) e _ logN

R,.. (1.12)
T T
D6i véi nguén nhi phan, va céc phin tir c6 cing do dai (N =2; T = 7), chiing ta ¢é:
1 2 1
R, =—822_"  pitfsec (1.13)
T T

Khi nhém n ky hiéu dé tao thanh tir, hic d6 N = 2", T = n7 . Chiing ta ¢4

_log, 2" _1

R bit/sec

max

nr T
tring véi cong thirc (1.13).
Nhu vay, bing cdch nhém cédc ky hi¢u tao thanh tir, dé tang ning suét cba ngudn thi khong
duce, vi khi Ay ca entropy va do dai ciia tin tdc déu ting nhy nhau (n 14n).
Dé tang ning sust clla ngudn c6 the bing cdch gidm do dai cdc ky hi¢u cha nguén. Tuy nhién,
kha nang nay bi han ch& do dai théng clia kénh truyén 1a hitu han; lic nay giam d¢ dai clia cic
ky hiéu déng nghia véi viec tang hiéu (mg giac thoa gilia cdc ky hi¢u (ISI). BGi vay, nang suat
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cla ngudn cd thé tang bing cdch sir dung hiéu qua dai thong kénh truyén, nhu: sir dung diéu ch&
tin hi¢u nhicu mitc, s&r dung cong nghe truyén song song (ching han, diéu ch& ghép kénh phan
chia theo tin s& tryc giao - OFDM).

6. ENTROPY PONG THOI CUA HAI NGUON TIN TUC

Gia sir ¢6 hai nguén 3 rac, véi cic entropy H(X) va H(Y), ¢6 kich c¢& cdc nguén 1a N va L,
dugc ndi vdi nhau, tao thanh nguén phitc tap nhu hinh 1.2 duéi day:

Hx)

Hx, y)

H(y)

Hinh 1.2. Entropy déng thoi ciia hai nguén tin.
Céc phén tir ddu ra cha ngudn déng thasi bao gom: tin x; (v6i i = 1+ N), tin y;{vdij=1+L).
Entropy ctia déng thoi duge xdc dinh:
H(X.Y) = E{lx.y)} (1.14)
trong dé I(x;, y;) luong thong tin giao cdia 2 tin X; va y; va duge xdc dinh:
I(x,y,)=—log p(x,y,) (1.15)
Cudi cling entropy ciia ngudn déng thoi duge x4c dinh:

N oL
H(X.Y)==3"% p(x,y)logp(x,y,) (1.16)

=1 y=|
Theo dinh 1y nhan xdc sust:
pxy,)=p(x).p(y,/x)=p(y,).p(y, /)
Dat quan h¢ nay vao(l.16)chting ta nhan ducic:
HX,Yy=H(X)+ HY/X)=H(Y)+ H(X/Y) (1.17)
Trong d6 H(Y/X) - dugc goi 1a entropy c6 diéu kién cia ngudn Y d6i v6i ngudn X, n6 chira
tin t¥c Y ¢6 entropy nhur thé nio, khi di biét tin tic X, va duge xdc dinh:
N oL
HY/X)y=-3 3 p(x,y,)logp(y,/x,) (L.18)
i=t =1
con H(X/Y)- dugc goi 1a entropy c6 diéu kién cia nguon X déi v6i nguén Y, cling twong tu nhu
trén, né chi ra tin tifc X ¢6 entropy nhur the nio, khi da biét tin tic Y, va duge x4c dinh;

L

HXIY)==3. 3 plx v, Jiog plx, 1)) (1.19)

=1
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Néu cic ngudn khong phu thude lan nhau, thi:

p(y,/x)=py,)px/y,)=px)
va ¢ H(Y/X) = H(Y); H(X/Y) = H(X). Trong trudng hop dé:

H(X,Y) = H(X) + H(Y) (1.17a)
Néu nguén phu thude mot phdn vao nhau, thi:
HX,Y) < H(X) + H(Y) (L.i7b)
Néu hai nguén hoan toan tring nhau (X va Y 1a mét, ¢d cling mot luong thong tin), thi:
H(Y/X) = H(X/Y) = 0, va ¢6 H(X,Y) = H(X) = H(Y) (1.17¢)

7. LUONG THONG TIN TUONG HO CUA HAI NGUON TIN
Trén hinh 1.3 chi ra cdc quan hé giita cdc entropy rieng H(X), H(Y), entropy c6 diéu kién

H(X/Y). H(Y/X) va entropy déng thoi H(X,Y). Hinh v& dugc din ra tir cde quan he (1.17).

T Htyixy

Hy) \
H b T -

| Hiy)

ey T Hey) Do Y
* T HY)
i l N,
Hinh 1.3. Méi quan hé gitra cac entropy. Hinh 1.4. Mo hinh kénh truyén cé nhiéu.

Phan ciia hinh duge gach t6i, duge goi 1a lugng thong tin tuong hé L(X,Y). N6 chi ra lugng
théng tin trung binh twong hé gilta hai ngudn tin. Pai lugng I(X,Y) dugc xdc dinh nhu sau:
1X,Y) = {16, ¥4
wong d6:  1(x, y,) = Kx) - 1(x/y,) = - log p(x,)~ [~ loglx, 7y, );
hodc Ix.y) =I(y,)-1(y, /%)= —log p(y,) - [— log(y, fx_”]
Sau mot vai bién déi, ching ta cé:

X, YY=HX)-HX/Y)=HY)-H({/X) (1.20)
* Néu hai tin tic X, Y hoan toin khong phu thuéc vao nhau, thi lugng thong tin tuong hb:
(X.Y)=0 (1.202)
« Néu hai tin titc X, Y hoan toan tring nhau, thi luong théng tin tuong hd:
I(X,Y) = H(X) = H(Y) (1.20b)

Khéi niém luong thong tin wong hé I(X,Y) duge sir dung rong réi trong Iy thuyét truyén tin.
Sau day ta xét cc mo hinh phd théng nhat:
1) M6 hinh kénh truyén tin, nhu hinh 1.4: X 1a tin tic ddu vao kenh truyén, cdn Y 1a tin tic ddu
ra kénh truyén. Chiing ta khio st hai trutmg hop cyc doan:
a) Kenh truyén hoan toan khong cé nhiéu, lic d6 X va Y tring nhau, ta ¢6 quan hé (1.17¢) va

(1.20b), tire 1a: I(X,Y) = H(X) = H(Y)
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b) Kenh truyén c6 nhiéu nang (ngudi ta thudng goi 12 hien twong dut kénh), lic d6 X va Y hoan
khong phu thuéc vao nhau, ta c6 quan he (1.17a) va (1.20a), tirc 12 I(X,Y) = 0.

¢) Khi kénh truyén c6 mot phdn nhiéu, thi ta c6 cic quan heé (1.20)

Vdi cdc ¥ nghia nhu vay, thi HX/Y)- chi ra lugng thong tin trung binh bj m4t mé4t trén kénh do
¢6 nhiéu. Con H(Y/X)- chi ra sai s6 trung binh v& Y, khi da bi&t X, sau nay ching ta ching minh
duge H(Y/X) 12 entropy cia nhi€u va k¥ hiéu 12 H(n).

2) Gia thr X, Y 1a hai tin tiic duge xuat ban & hai t& bio khic rthau, nhung cling dé cap vé mot
chli dé, thi d€ nhan duoc lugng thong tin gitta ching gi6ng nhau nhiéu, thi cdn cdc dai luong
H(X/Y) va H(Y/X) la cang nhd cang t6t.

8. TGC DO TRUYEN VA KHA NANG THONG QUA CUA KENH
Trong he théng truyén tin rdi rac, khi khong ¢6 nhiéu trén kénh, thi lugng théng tin & ddu ra

cua kénh hoan todn tring véi lrgng thong tin & ddu vao cita kenh, 16c dé truyén tin duge xédc
dinh bang nang sudt clia nguén:

R(X,Y)=

@ = R({X) [bit/sec] (1.21)
T

Khi trén keénh truyén ¢6 nhiéu (hinh 1.5.), thi thong tin bi 16n hao, va t6c dd truyén tin bj giam
di so v6i nang sudt chia ngudn. Déng théi tin tic & ddu ra ¢ bé sung thém nhiéu.

Nguén

nhiéu

H,(n) '
Nguén H'(x) Keénh 70) | Newi
tin tic M truyén tin 2l nhan tin

Hinh 1.5. S¢ dé kénh truyén véi nhiéu.
V1 vay, khi kénh c6 nhiéu, thi & ddu ra khong phai toan bo thong tin nhu nguén, ma chi 1a
thong tin twong hd, do d6 t6c do truyén tin duoe x4c dinh:

Rorn - 1D

[bitfsec) (1.22)
Trén co s& clia cong thie (1.20), chiing ta cé:
R(X,Y) = ~[H(X)- H(X /7Y = L [HI - HE 1 0]
T T

R(X,Y)=R(X)-R(X/Y)=R(Y)-R(Y!X) (1.23)
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' day: R(X) - nang sudt ctia ngudn;
R(X/Y) - do6 tieu hao clia kénh trong mét don vi thisi gian,
R(Y) - entropy cua tin tiic dau ra trong mot don vi thi gian;
R(Y ! X) = R(n) - entropy cia nhiéu trong moét don vi thén gian.
Kha nang thong qua clia kénh truyén- ky hiéu 1a C - dugc goi la kha nang cyc dai cha 16¢ d@
truyén tin theo kénh:
C = max R(X.Y) (1.24)
Pé dat duoc miic do cuc dai cAn phdi tinh dén tat cd kha nang clia ngudn O ddu ra va tat ca Kha
niang ma hod, ¢ling nhu tat ca kha nang x{r 1y tin & phia thu.
Nhu vay, kha ning thong qua cla kénh thong tin lién lac bing ning sudt cuc dai cia ngudn &

dédu vao cha kénh khi phdi hgp hoan toan véi dac trung cla kénh, va ¢6 tinh dén tiéu hao thong
tin trén kénh do nhiéu.

Khi kénh khong c6 nhiéu C = max R(X), bdi vi R(X/Y) = 0. Khi sir dung mé hod déu véi co s¢
m, mAi tit ma ¢6 n phén tir, mai phén tir c6 d6 dai 1, va kénh khong nhiéu, thi:

C = max H(_X) _ logm _ logm

T nr T
khim=2,thi: C= i [bit/sec] (1.25)
T

Khi xdc dinh kha nang thong qua cuc dai ciia kénh theo cong thifc (1.25), phéi hi€u méi ky
hiéu ¢6 do dii cuc tiéu-7_, , md hé thong truyén tin vin lam vi¢c binh thudng theo cic tiéu
chudn di dinh truéc.

Khd ndng thong qua C cila kénh khong chi phy thude vao bdn chdt vt 1y ciia kénh truyén (titc
la phy thudc cd vao ddi thong cia kénh duge dinh nghia nhu thé' ndo), ma con phy thuée vao
phuong phdp gia cong tin hiéu ddu vao, ddu ra ciia kénh truyén (nic diéu chélgiai diéu ché), dé
hé théng truyén tin vdn lam viéc theo cdc tiéu chudn da dinh trudce.

P¢ sir dung hieu qua kha nang théng qua ciia kénh, cn thi&t phai phdi hop né véi ngudn thong
tin ddu vdo. Su ph6i hop nhur th€ cho ca trudng hop kénh khéng nhiéu va trudng hop kénh c6
nhiéu, trén co s¢ cua hai dinh 1y Shannon:

Pinh 1y thit nhat (d6i véi kénh truyén khéng nhiéu):

Néu ngudn tin tic ¢6 entropy H{bitiky hiéu], con kénh truyén cé khd ndng thong qua C
[bitlsec], thi c6 thé md hod tin tic, sao cho viéc truyén thong tin trén kénh véi tde d¢ trung binh
gdn dén C tuy ¥, nhung khong vuor duge né.

Ching ta da biét ning sudt clia ngudn va do dur thia ctia ngudn rdi xdc duge xac dinh phli hop
theo cic céng thic:
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HX H(X
R(X)=—(T—), w=1- (L) (1.26)
log N
Néu dem ma héa tap tin X bing ma it kiém (xem chuong 2), chiing ta s& ¢6 cdc dinh nghia:
H(X H(X
R(X) = _( ), g =1- (_ ) (1.26a)
n.r, 7

trong d6 # - chiéu dai trung binh ciia cde tir ma, con 7, - chiéu dai chia mot ky hieu.

Tur cac cong thitc nay, rd rang ring dé tang ning sudt cua ngudn (cling tic 1a tang tdc do
truyén tin) cdn phai gidm do dur thira (bing cic ky thudt ma nén tin tic), cling tic 1a bing cich
ma hod d€ gidm chiéu dai trung binh ctia cdc tir ma. Toan bo nhitg van dé nay, ching ta s& dé
cdp va giai quyét trong chuong 2.

Pinh 1y thit hai (d6i v6i kénh truyén c6 nhiéu):

Néu khd ndng thong qua ciia kénh béng C, con ndng sudt cua ngudn R(X) < C, thi bing cdch ma
hod phit hop, 6 the truyén thong tin theo kénh lién lac véi 16¢ do gan 16i C tuy ¥ va voi xdc sudt
16i nhé tuy y. Néu R(X) > C, thi ¢6 thé ma hod ngudn, nhung sé khéng tin cdy, d€ xéc sudt 16i
nho hon R(X) - C + & & ddy & dai hiong nhd uy y.

Khong 16n tai khd ndng ma hod, bdo ddm tin cdy, voi xde sudt 16 nhé hon R(X) - C.

(Chii y: & day ciling nhu & nhiéu noi khéc clia chuong nay, ching ta sir dung ky hiéu R (viet ddy
di Rate = t6c do) dé chi i6c do. Khi R chi téc d6 san sinh tin cia nguén, thi R ¢6 thé tuy ¥: nhd
hom, bing, hoac 16n hon C = kha nang thong qua cila kénh. Con khi R chi t6c do truyén tin trén
keénh, thi R bét phii < C, thuc 6§R << C 1)

Dinh Iy thit 2 cia Shannon chi ra v6i kénh truyén c6 nhidu c6 thé bing kha ning ma hog dé
giam 16i dén nhd fuy ¥, nhung khong chi ra céich xay dung cdc ma nhu thé. Trong chuong 3,
chiing ta s& nghién ctu cc loai ma nhu thé, goi 1a ma chong nhiéu. Tuy nhién, cling cdn biét
réng khi tién 16 gi6i han clia dinh ly Shannon, thi thoi gian giit cham tin hiéu trong cdc thiét bi
md hod va gidi md la vo cing, vi phai tang dé dai n cha céc tir ma. Khi d6 xde sust 161 & ddura
kénh truyén tién 16 dai luong:

p= 5 =nrlC=H(X)] (1.27)

R4 rang, p — 0, khi nt — o, nhir vay ¢6 sy rang budc giita xdc susit mic 16i khi truyén tin va
thdi gian truyén bi giif cham.
9. KHA NANG THONG QUA CUA KENH TRUYEN DG1 XUNG DONG NHAT

Trong keénh truyén déng nhat, v6i cdc xdc suat ¢6 didu kien (xdc sust chuyén déi) p(y/x,). Cic
trang thii chuyén déi cla kénh lien lac nhi phan déng nh4t duge biéu dién trén hinh 1.6.
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X P(]/’]/X1)

o V)
ply/xy) p(y %)
X2 > +c Y2

py/x2)
Hinh 1.6. Mo hinh ciia kénh nhi phan dong nhat.

Trén hinh vé ndy, X, vA X,- cic tin hiéu & ddu vio kénh truyén, con y, va y,- cic tin hi¢u ¢ ddu
ra kenh truyén. N&u gin di tin hiéu x, va thu duge tin hiéu y,, thi diéu d6 ¢6 nghia rang tin hiéu
thit nhét (c6 chi s& 1) di khong bi méo. Néu giri di tin hiéu x, va thu duge tin hiéu y,, thi diéu dé
¢6 nghia ring tin hieu thit nhat (c6 chi s6 1) di bi méo. Cic xdc suat chuyén ddi duge chi ra wén
hinh 1.6 . N&u keénh d6i xiing thi cdc xdc suat chuyén déi timg cip bing nhau.

Chiing ta ky hiéu:
p(y, /%)= p(y, /x,) = p- chc xdc sult méo clia phdn tir tin hi¢u,

p(y, /%)= p(y,/x,)=1- p - céc xdc suat thu ding phén tir tin hiéu.

Theo cdc cong thitc (1.23), chiing ta ¢6:
C = maxL[H(¥)- H(Y/ X)] (1.28)
T

Néu céc tin hieu x, va x, c6 cling do dai 1, thl ¥ = 7. Khi d6 kha nang thong qua clia kénh s&
bing:

C= max%[H(Y) ~H(Y 1 X)]

Trong cong thitc ndy maxH(Y) = log m. D6i véi kénh nhi phan (m = 2), maxH(Y) = 1. Do d6,
ching ta c6:

C-——maxé[l—H(YfX)] (1.29)
T

Diéu con lai 12 cdn phai xdc dinh entropy c6 diéu kién H(Y/X). Phi hop véi cong thic (1.19)
d6i véi ngudn nhi phan, ching ta c6:
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2 2 2 2
HY1X)==23 plxy)ogp(y,/x)==3> p(x)p(y, /x)log p(y, /x,) =

=1 =l

=—p(x))p(y, / x)log p(y, /%)~ p(x)p(y, / x)log p(y, / x,) -
—p(x)p(y, / xy)log p(y, /x,) = p(x,) p(y, / x,)log p(y, / x,) =

= —p(x)(d - p)log(l - p) - p(x,)log p — p(x,)log p — p(x,)log(l - p) =
=-plog p—(1- p)log(1 - p).

Dat gia tri nay vio cong thitc (1.29), cudi cling chiing ta nhan dugc:

1
C=~r~[l+p10gp+(1—p)log(1—p)] (1.30)
F 3
C bit/sec
!
1.
0 0’5 i p

Hinh 1.7. Su phy thudc cia khi nang thoéng qua cia kénh C
vao x4c suit 16i p cua kénh nhi phan.

Trén hinh 1.7 trinh bay sy phy thudc ciia kha nang thong qua cha kénh C [bit/sec] viio x4c suat
18i p cla kenh nhi phan. Khi xdc sudt 18i p = 0, ting v6i trudng hop keénh khong nhiéu, thi kha
ning thong qua ciia kénh 13 cyc dai va béng:

C =l [bit/sec]
T

D6t v6i keénh truyén véi m > 2 (kénh m phén), kha ning thong qua ciia kénh duoc xdc dinh
béng cong thifc wrong y:

1
C=—[logm+plogL1+(1—p)1og(1—p)] (131)
T m-
D¢ két thiic myc ndy, chiing ta khao sat mot thi du. Gia thir, c6 mot nguén nhj phan véi nang
sudt R(X) =l = 1000 bit/sec.
T

Néu x4c sudt 16i ctia kénh truyén p = 0,01, thi tir 1000 phén ti tin hiéu duge truyén trong 1 sec,
vé trung binh cé 990 s& truyén qua khong 18i, chi c6 10 phan tir méc 16i. Diéu nay chi ra kha
ning thong qua clia kénh 1a 990 bit/sec. Tuy nhién, néu tinh theo cong thitc (1.30), cho chiing ta
mot gid tri nhd hon (C = 919 bit/sec). Tai sao lai nhur vay? Van dé & chd 12 khi ching ta dd nhan
duge C = 990 bit/sec, néu nhu chiing ta da biét chinh x4c ring phdn tir ndo cha tin hiéu bi 16i.
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Co s& 1y thuyét truyén tin

Thye tién thi sy kién nay khong thé bigt dugc, diéu d6 dan dén sy kién 10 phan tir bi 18i [am ha
thdp manh gid trj ciia tin tirc thu va kha nang thong qua cta kénh bi giam manh.

Ta xét mot thi du khdc. Néu p = 0,5, thi tir 1000 phén tr duge truyén di, chi ¢6 500 phan tir s&
khong bi 16i. Tuy nhién, kha nang thong qua cia kénh s& khong 1a 500 bit/sec; ma 14 theo cong
thitc (1.30) cho ching ta C = 0. Thuc vy, khi p = 0,5 thi tin hiéu truyén theo kénh thyc su da
khong dién ra va kénh truyén ¢6 vai trd tuong duong nhu mot mdy phdt tap.

Khi p —» 1, khd niing théng qua cla kénh dat gid tri cyc dai. Tuy nhién, phai hiéu ring trong

trudng hop nay tin hiéu da truyén theo chiu ngugc lai.

10. ENTROPY CUA CAC PAI LUONG NGAU NHIEN LIEN TUC VA BAC
TINH CUA NO

Entropy cia tin hiéu nglu nhién rdi rac duge x4c dinh theo biéu thic (1.2). D6i véi cdc dai
lugng ngdu nhién lién tuc, entropy duge xdc dinh bang cong thic tuong tu, véi sy thay thé xdc
sudt p(x) bing w(x)dx. K&t qué chiing ta nhan dugc:

H(X)=- jw(x)dx log[w(x)dx] = - Iw(x)[log w(x) + log dx]dx
Nhung log ctia mot dai lugng vo cling nho (dx) béng 4m vo cling, két qué ching ta nhan duoc:
H(X)=o— [w(x)log[w(x)}dx

Nhu vay, entropy clia cdc dai luong ngu nhién lién tuc 1a dai liwong vé cing. Nlumg bdi vi
trong bidu thiic trén thanh phdn thit nhét (o) khong phu thude vao x cling nhu w(x), nén khi xdc
dinh entropy cba cdc dai lugng ngiu nhién lién tyc, thi thanh phidn niy bi bo qua, chi ké dén
thanh phan thit hai. Entropy duge xdc dinh:

H(X)=~E {logw(x)} =~ [w(x)log[w(x)ldx (1.32)

duge goi 14 entropy vi phdn cua dai lugng nglu nhién lién tuc. Sau nay thudt ngit "vi phan"
thudng bo qua.

Ciing nhu d6i vdi tin tifc roi rac, cling t6n tai cdc dang khdc nhau cia entropy vi phén clia cdc
dai lugng ngiu nhién lién tyc:
1. Entropy c6 diéu kién clia dai huong ngéu nhién Y d6i véi dai lvgng ngu nhign X:

HY/X)=E{-logw(y/x)} hoac 1a:
HY ! X)= j Iwz (x, ) log w(y/ x)dxdy (1.33)
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Chuong 1: Ly thuyét thong tin

Nhur vay, dé xdc dinh entropy ¢6 diéu kien H(Y/X) c4n phai biét khong chi HMDPXS 2 chiéu
wy(x.y), ma con HMDXS ¢6 didu kién w(y/x).
2. Entropy déng thoi ctia hai dai lugng ngau nhién lién tuc, bing:

H(X,Y)=E{-logw(x,y)} hoac 1a
HY.X) = j [w,(x, ) log w, (x, y)dxdy (1.34)

DPéi véi trumg hop X va Y khéng phu thu¢c 1an nhau, thi: H(X,Y) = H(X) = H(Y).

D61 v6i entropy vi phan dong thai ciia dai lwong ngdu nhién lién tuc chinh x4c phit hop v6i
(1.17) va (1.18).
3. Lugng thong tin twong hd I(X,Y) cia hai dai luong ngdu nhién lién tuc duge xdc dinh theo
cong thife (1.16). Khi X va Y khong phu thuéc 1n nhau, thi I{X,Y) = 0.
4. Néu dai lugng ngdu nhién lien tge c6 HMDXS 1 chiéu phan b6 déu trong khoang (a, b), thi
entropy vi phan dat gid trj cyc dai (xem hinh 1.8) va bing:

w(x)“

a , b X

Hinh 1.8. HMDXS 1 chiéu ciia dai luong ngiu nhién X, c6 phan bo déu
trong khoang (a, b).

]
HX e =~ j (—1—— log ——I—)dx =log(b-a) (1.35)
Jb-a -a

Nhu vay, dai lugng nay chi phu thuée vao hieu (b - a), khong phu thudc vao gid tri tuyet d6i
cuia a va b. Do d6 H(X),,, khong phy thuoc vao ky vong toin hoc cia dai lugng ngdu nhién X.
5. Néu dai lugng ngdu nhién lien tuc ¢6 HMPXS 1 chiéu phan b6 khong gidi han (nghia la phan
b6 trong khoang tir - « dén +o0), nhung chi gi¢i han vé cong sudt, thi entropy vi phan dat cuc dai
trong trudng hgp phan b6 Gauss (phan bs chudn).
Chung ta xdc dinh cyc dai nay, phi hgp theo cong thite (1.32):
H(X)=-E {logw(x)}

(x-a)’
- 7

eZo’

w(x) =
27
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Co s 1y thuyét truyén tin

Tur day ¢é:
1 (x 0)2 )
H(X),, =—E{log[ ]}—log\!2fr +E{ loge}
N 2no?

Nhung k¥ vong E{(x - a)’} = ¢’, tit day chiing ta nhan dugc:
H(X),, =logy2no’ +%loge

Hay, cugi cung chiing ta co:

. =logv2no’e (1.36)

Nhu vy, entropy vi phan clia dai lugng ngiu nhién ¢6 phan bd chudn chi phu thude vao cong
sult ¢°.
Cong thitc nay rét quan trong, né s& duge sir dung dé€ xic dinh khé nang thong qua ciia kénh

H(X)

lién tuc.

Ciing nhu trudc day, ching ta thay ring H(X).,. khong phu thudc vao ky vong todn hoc a clia
dai luong ngdu nhién X. Pac tinh nay cha entropy rdt quan trong, né dugc dién gidi ring k¥
vong todn hoc Khong phai 1a dai lugng nglu nhién.

11. ENTROPY VA NANG SUAT CUA NGUON TIN HIEU LIEN TYC ERGODIC

Tin hitu duge san sinh tr mot ngudn tin lién tuc, ¢6 thé dugc xem nhu mét qué trinh nglu
nhién dimg ergodic ndo d6, c6 phé duge gi6i han trong mot dai tdn. Phii hop véi dinh 1y 18y méu,

T
dé miéu ta qud trinh nay ¢6 d6 dai T, can N =fr- +1 mlu, & day At = -i}l——— , g0 12 chu k¥ 14y

max
mdu. Nhu vy, tin hiéu véi dai phé tdn s6 hiu han, hoan toan dugc dic tnmg bdi gid tri cdc mdu
ctia minh. B3i vay, cdc gid tri trung gian gitfa cAc mAu khong 1am tang hiéu biét cha chiing ta,
hay néi mot cdch khéc 12 chiing khong c6 thong tin. Khi xdc dinh entropy cia tin hiéu lién tuc
chi cin tinh v6i gid tri cdc miu cia né.

Chiing ta biét ring entropy c6 déc tinh cong. N&u cé mot tin hi¢u rdi rac, ma céc phén o cé
phan b6 déng x4c suat va entropy cta méi phdn tir 13 H(X), thi eniropy cla tin hi¢u ¢6 N phin tir
s& 12 N.H(X). Bang céch tuong uy, ta ¢6 thé tinh entropy cila tin hi¢u lién tuc, ¢6 khoang ton tai
laT,séla:

N.H(X) = (2F,0x- T4 +1). Hi(X)

' day H,(X)- entropy mot mat cét cia tin hi¢u nglu nhién, duge xic dinh theo 1y ludn trinh
bay & ddu muc 10, qua ham m4t do xdc suit mot chiéu. Thit nguyén cua entropy H,(X) - bit trén
mot mau cla tin hieu ngdu nhién (mot ti€t di¢n ciia qud trinh nglu nhién).

Niang suit cha qué trinh nglu nhién lién tyc s& bang:
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Chuong 1: Ly thuyét thong tin

(2F,

max

T, +1%.H,(X)

R(X) =
(X) T

Hodc gan diing, bd qua entropy cila mot miu, chiing ta c6:
R(X)=2F,_ H/(X) [bitsec] (1.37)

Nhu vay, ning suat cia ngudn tin hiéu ngdu nhién lién tuc ergodic hoan dugc xdc dinh bing

entropy cia mot miu va hai kdn bé rong phd tdn & ciia tin hiéu.
12. KHA NANG THONG QUA CUA KENH LIEN TUC

Néu X(1)- tin hi¢u & ddu vao clia kénh truyén, con Y(t) = X(t) + n) - 14 tin hiéu ddu ra coa né

'

n()- nhiéu cOng, (ching duge gia thiét 1a cic qué trinh ngiu nhién dimg ergodic) thi t6c do

. . ) 1
truyén tin qua kénh lién tyc duge xdc dinh theo cong thic (1.23), trong d6 dai lugng — duoc
T

thay thé bing 2F,,,, (hay 2B, vdi B - dai thong cda kénh truyén):
R{(X,YY=2B[H(Y)-H(Y/X)]
' day, ciing nh trude kia, H(Y)- d6 1a entropy cua tin fitc ddu ra, con H(Y/X)- d6 1a entropy
clia nhiéu (tai sao lai goi nhur vay, sé thdy 13 tir cdc trinh bay duéi).
Kha nang thong qua bing cuc dai clia kha nang t6c do truyén theo kenh lién lac, khi d6 nguén
tin hi¢u hoan toan phit hop véi dic trung clia kénh truyén:
C=2Bxmax[H(Y)- H(Y/ X)] (1.38)

Cyc dai cia H(Y) s€ dat duoc trong trudmg hop qué trinh ngdu nhién Y ¢6 phan b6 Gauss. Khi

do:
max H(Y}=log 1f27r.e.o'f. (1.39)

Khi tinh todn anh hudng ciia nhidu, cdn thiét phai khao sdt trudng hop x&u nhat, khi d6 tat
nhién, nhiéu ciing c6 phan b6 theo luat Gauss,

Ham mat do phan b6 xdc suft c6 diéu kién w(y/x)- d6 1a ham mat do phan b6 x4c suét clia qué
trinh Y, khi dé bi€t qu4 trinh X, méc dii qué trinh X cfing 1A qu4 trinh ngdu nhién. Nhimg bdi vi
Y(t) = X(t) + n(t), nén c6 thé viét;

_x-ny?

2
20}' ix

5

1
Wy/x)=——m
d 2o,

J' day: crf, s+ ~ phuong sai chia qud trinh Y khi da biét X, nghia 1a phuong sai cila nhidu o;f .
Chiing ta x4c dinh entropy c6 diéu kién H(Y/X):

HY/X)=-E{logw(y/x)} =~E {log[ e 1}
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Trong biéu thifc nay ching ta gia thiét ring X dé biét tir crude. Nhur vay, qud trinh X trong biéu
thitc ndy déng vai trd 12 ky vong cia qud trinh Y. Tuy nhién, cling da biét ring entropy cua dai
lugng ngéu nhién lién tuc khong phu thuge vao ki vong todn hoc.

Khi d6 chiing ta nhan dugc:

HI

1 -

H(Y/X)=-E {log] e 2 ) = -E{logw(n) } = H(n)

na

Tir day, ching ta thiy rang, tai sao entropy cd diéu kién H(Y/X) lai duoc goi 1a entropy cla
nhiéu.

D6i véi luat phan b6 Gauss cla nhiéu, thi entropy ciia nhiéu dat gid tri cyc dai, va phi hgp v&i
cong thirc (1.36), sé bang:

max H(Y/X)=H(n),,, =log./27rec, (1.40)
Pt biéu thite (1.39), va (1.40) vao (1.38), chiing ta nhan dugc:

c,
C =2B[log,27e.0, —log+27e0, | =2B.log—=
o

[

2

o
Pem chuyén s& 2 vao trong ddu log, chdng ta nhan dwge: C = B log—; . Trong d6 biéu thitc

o} = P - cong suflt clia nhidu, cdn O'i =gl +c} =P +P,, & day P.- cong sudt tin hieu &

d4u vao kénh truyén, V&i su tinh todn nay, thi biéo thic nhan duge cudi cling cho cong thiic tinh
todn kha ning thong qua clia kénh truyén tuong ty (theo cong thitc Shannon):

C=Blog(1+£] | (1.41)
Pﬂ

Nhur vay, kh nang thong qua ciia kénh truyén C [bit/sec] phu thudc vao:
- Ddi théng cia kénh truyén B {Hz]. Dén lugt minh, dai thong B chil y&u phu thudc vao bdn chdt
vdt Iy clia kénh truyén (su phu thudc ciia gid tri cac tham s¢ déc tinh kénh truyén vao tdn s6).
Trong mot chimg muc nao dé B con phu vao chiéu dai kénh truyén (kénh cing dai B cing gidm).

Chiing ta c6 bt ding thic sau:

B (dutmg day doi) < B (cdp ddng truc) < B (cdp quang).

Chiting ta ciing c6 thé hoi ddu la gidi han dai thong clia kenh truyén 12 khodng khong gian ?

Trong c4c hé théng truyén tin rdt thudng xuyén phai d6i mat vdi van dé thiéu ddi thong cia
kénh truyén. Trong céc trudng hop nhu vdy, tai diém thu céc k¥ higu bi méo dang manh va phét
sinh giao thoa giita c4c ky hiéu (ISI) va gay ra 15i. D€ giam hiéu \ing thi€u B, ngudi ta thudng skt
dung diéu ché vdi tin hiéu bdng co sd nhiéu mitc bién do (cé b¢ DAC trude diéu ché) hode diéu
ché OFDM (xem chuong 6).
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St phu thude ctia C duge xem xét dudi day.
- Ti 56 (cong sudt cia tin hiéu P )l{(cong sudt cia tap am P,). Khi tang cong sudt cla tin hiéu,
hodc gidm cong suét clia tap am, C déu tang, nhung sy tang nay nhanh chéng bio hoa.

Dé ket thiic, chiing ta c6 cdc nhan xét sau:
- D€ t6c do truyén théng tin theo kénh tuong tur ti€n gin dén kha nang thong qua ciia kénh, thi
tin hi¢u X(t) can phdi c6 céu tric théng ke tién gdn dén tap Am tring v6i luat phan b3 Gauss.
& Dédién gidi khdi niém ddi théng cia mét dang kénh truyén cu thé 13 dutmg day doi, ching ta
din ra day céc két qua nghién citu vé s¥ phu thudc ciia céc tham s6 dic trung cila dudng day doi
vao tan s6 {10], chiing duoc bidu dién trén hinh 1.9,

L
S
[ /l/
C
R G/j/¥
0 e 0t fikHg \
a). S phu thudc ciia cdc tham s@ b). So d6 twong duong ciia
don vi vio tdn s5. doan ddy doi.

Hinh 1.9. Dién giat khai niém dai théng cia kénh truyén la dudmg day doi.

Budng day doi 12 hai 16i déng xoén lai cung vé cdch dign. Mot doan day doi 6 so d6 tong

duong 12 mét mang bén cyc, véi cdc tham sé:

- Dién trd don vi R (/km) dic trung cho suy giam tin hiéu dudi dang nhiét;

- D6 tr cam don vi L (mH/km) dic trmg cho sit ngan chin truyén lan clia cdc thanh phin tdn s§
cao cla tin hidu;

- Di¢n dung don vi C (WF/km) dic tnmg cho suy gidm céc thanh phdn t4n s6 cao cita tin hiéu, do
bi phan ddng xudng day dat;

- Dién dén don vi G (1/uQ km) dic trung cho suy gidm tin hi¢u do dong ro giita hai day.

Di¢n tré don vi R do hi¢u img bé mat nén i s6 ting ddn khi t4n s6 dii cao. Ching han, trong
trudmg cu thé nay (dudmg kinh 16 déng d = 4mm, vo 12 chét cich dién polyethylene) bt ddu vao
khoéng tdn s6 f > 100 kHz, dién tr& R bit ddu tang ti 1& v6i \f? , f- tin s6 cong téce, con trude dé
héu nhu khong d6i. Tuong ty nhu vay cho do tr cam L.

bién dan don vi G c6 gid tri nho, chi bit ddu khic khong va tang din theo tdn s§ (ng véi
khoang tdn s6 f > 100 kHz,
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Dién dung don vi C khong phu thudc vio tan s6, vi né khong chiu anh hudng cla hiéu dng bé
mgit. C chi phu thudc vao khodng céc hai day va chat cach dién gifta chiing.

C6 hai tham s6 dién tir dac trumg cho sy truyén lan song doc theo day dén, d6 la:
- Trd khang song, k¥ hi¢u Z, va duge xédc dinh:

u R+ joC
Zy=—=_|"—""—
i G+ jol
- Hing s6 truyén lan, k¥ hiéu ¥, n6i chung 14 dai lugng phic va duge xdc dinh:

y =a+if =J{[R+iwl)G +iaC))

trong d6: - hing s6 suy gidn, dac trung cho sy giam séng dién tir khi truyén doc theo day dan,

don vi do trong dang 20log g(@) 1 [dB/km]; y- hing s6 séng, dic trung cho do di pha clia
séng dién tir khi truyén doc theo day dén, don vi do [rad/km].

Ching ta nhan thdy ring cdc dai lugng ndy déu phuy thude vao t4n s6. Tuy nhién, tit hinh 1.9,
chiing ta thiy ring sy phu thugc vao tin s6 cla cdc dai luong nay 12 y&u va gan nhu 12 nhu nhau
d6i véi moi tin s6 trong khoang f = (0 +100) kHz. Con khi tdn s6 cong téc f > 100 kHz, thi sy
phu thudc vao tdn s6 cha cdc dai lugng nay la khdc nhau vdi cic tdn s6 khic nhau. Hon nifa, khi
tAn s6 cong tic cang cao, su phy thudc cang manh. Tir day, ching ta cé thé nhan thdy néu chon
t6c do truyén tin R < 100 Kb/sec (ddi hoi dai thong B < 100 kHz) thi tin hiéu chiu tic dong y&u
va nhu nhau véi cdc thanh phén tin phé Khéc nhau. Nguwoe lai, khi chon t6c do truyén tin R >
100 Kb/sec (doi hoi dai thong B > 100 kHz), thi cdc thanh phén tin phd cao cia tin hiéu chiu
anh hudng manh va khdc nhau v6i cdc tdn s6 khdc nhau. Hon nifa, cic thanh phén tdn s cang
cao cang chiu anh hudng manh. Diéu nay lién quan dén do méo tin hi¢u. Tuy nhién, néu hoi dau
12 gidi han ciia t6c do truyén tin R, cling nhw dau 12 gi6i han cua dai thong B clia dudng day doi,
thi cAu tra 13 con phu thude vio cdc cong nghé xir 1y tin hiéu gi dwoc sir dung cho hé théng
truyén tin dang xét do.

Chting ta dua ra thio luan van dé nay dé thdy ring khéi ni¢n dai thong cua dudmg day doi ndi
rieng, cha cdc dang kenh truyén khéc n6i chung 12 dai luong khong dé gi xdc dinh chinh xdc.
Gi tri dai thong B = 100 kHz & trong muc nay chi 1a con s6 tuong dgi.

13. ENTROPY- EPXILON CUA NGUON TIN TUC LIEN TUC
Tin hiéu & ddu ra cha ngudn tin tic lién tyc (hinh 1.10). Chéng han, & ddu ra clia micrd, mdy

dién thoai v.v.. la mot qua trinh ngdu nhién li¢n tuc dimg; entropy ¢la nd & mat cét bat k¥, trong

trudng hop chung, bing vo cling, nhu da chi ra trong myc 10. Mot lugng théng tin nhwr thé khong

¢6 thé truyén theo mot kenh truyén tin thyc, vi kha nang thong qua cda nd juon ludn bi gidi han.

Hon nifa, d6 12 didu khong can thiét, bdi vi t6c do ti€p nhan thong tin chia ngudi sir dung bat ky &

dau ra kénh iruyén 1u6n luon bi gidi han do kha nang vat 1§ clia minh. Do tin hiéu lien e & ddu
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ra clia kénh truyén, ngay ca khi khong ¢6 nhiéu, cting khdc véi tin hiéu & ddu vio, bdi vi né chita
dung khong phdi nhimg thong tin vé minh (thong thudng trude kénh truyén 6 thé thuc hién
nhimg phép bién d6i tr mét tap hop tin hi¢u nay thanh nhimg tap hgp tin hiéu khic, nhur: didu
ch€, khuéch dai, bién tdn ...). Ngay ca khi su bign d6i tin tirc lién tuc thinh tin higéu bdi cdc thigt
bi phl hgp (micro, mdy dién thoai ...) vé&i tien hao mot phén thong tin, con tin hidu biéu dién tin
tite chi véi mot d6 chinh x4c nao dé:
eW)=X(0)-X'(1)
0’ day X(1) - tin higu & ddu vao bo bién déi,

X"(r)—tin hiéu & ddu ra bo bién déi hay 13 dénh gid cia tin hiéu ddu vao bai bo bién

d6i. Hon nita, bo bién d6i luon luon 1a mot thiét bi quyét dinh nao d¢, duge lam viéc theo qui tic

xdc dinh véi cdc tiéu chudn chat luong di cho.

Ngtin | X0V ) BoBD x_(v>
Hy(1)

Hinh1.10. Ngudn tin tirc lién tuc va thiét bj bien déi.

Tieu chudn chat lugng, nhu di biét, duge xdc dinh theo thong tin bdi ngudi sir dung, ching
han, thong tin d¢ léch trung binh binh phuong:

& = E{[X(O)-X"(0)} (1.42)
hodc la phuong sai cha sai léch:
o, =E{e(1))

Entropy-epxilon 4, (X) (entropy-€) la lugng thong tin trung binh cic tiu, ma cén chita &
trong tin hi¢u ddu ra X" (f) v& tin hieu ddu vao X(1), dé tin hitu ndy ¢6 thé khoi phuc véi do
chinh x4c &, di cho:

H (X)=minI(X,X")= H(X)-max H(X/ X") (1.43)

O day:

1(X,X") — luogng thong tin trung binh tuong hé gitta X(t) va X ),

H(X) va H(X,X") - lugng thong tin vi phan ciia tin hi¢u X(t) va lugng thong tin vi phan ¢6
diéu kién cta X(t), khi da bi€t X" (f) wong ing, min vi max sé chay theo t4t ca cdc kha nang
chia ham phan b6 mat do c6 diéu kien w(x/x").

Trong trudng hop chung, khi tin hiéu (hoac tin tic) X(t) Ia qua trinh ngdu nhién Gauss, vdi

phuong sai ¢, thi d6 lech (1) ciing 1a QTNN Gauss véi phuong saig?, con véi su tinh todn
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dac trmg cong tinh clia céc sai léch &(t) va entropy vi phan c6 didu kién H (X, X") —s€ hoan
toan duge xdc dinh bdi entropy vi phan H(g). Va co:
max H(X, X ) =max H(¢) = log{oc_v2r.e).

Khi d6 entropy- £ clia mot tiét dién nguén Gauss (entropy- £ clia mét méiu):

-2
H_(X) = log(c,¥2m ) - log(c,27e) = 0,5 log(Z%) (1.44)

o

2
led
Pai lwong —2- cho ti s6 cia cong sudt (phuong sai) cla tin hiéu X(t), v6i cong sudt (phuong

2
[4

sai) clia sai léch, khi d6 do 1éch trung binh binh phuong ctia tin hiéu X(t) va X" (f) khong vuct
qua o,.
Nhu vy, ndng sudt ciia ngudn tin tic lién tyc c6 thé duge x4c dinh nhu 1a lugng thong tin cdn
phai truyén qua kénh trong mot don vi thdi gian, dé tin titc khoi phuc véi do chinh xdc di cho:
R (X)=v.H (X) (1.45)
O day v = 1/At - t6c do truyén mot miu & ddv ra clia ngudn, At - khodng thdi gian gila cdc
mau.
P vai tin hiéo dimg véi bé rong phd han ché At = 1/(2F,,,), thi:
R (X)=2F, H(X).

Ngoai ra, néu ngudn c6 phan b6 Gauss, thi:

2

a
£) (1.46)
a

R.(X)=F,, log(

£

Luong thong tin duge san ra clia nguén Gauss san khodng thdi gian T,, bing:
2

T.R.(X)=T.F,, log(%) (1.47)
[e)

£

n6 tring vdi cong thic d6i voi dung lugng cia tin hi¢u, khi dai dong cla tin higu la:
2
o-.\'
D, =log(—)
o

£

Piédu nay c6 nghia la dung lugng tin hi¢u & ddu ra clia ngudn bing lugng thong tin (1.46), mé
n6 duge chita dyng trong tin hiéu dé viéc khoi phuc né v6i mot do chinh xdc da cho.
D61 v6i kenh véi kha nang thong qua C, & ddu vao méc ngudn véi nang sust R, (X), dinh 1§

Shannon d6i véi kénh c6 nhiéu duge phdt bidu:

Néu khi cho trude tiéu chudn do chinh xdc ciia ngudn (chdng han, o), con ndng sudt-epxilon
cia né nhd hom khd ndng thong qua cia kénh R_(X) < C, thi t0n tai khd ndng md hod (bién
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doi tin higu), véi do khong chinh xdc khéi phuc tin higu tién gan dén o, tuy y; con khi R.(X)>

C thi khéng cé khd ndng nhu theé’

Dinh Iy Shannon x4dc dinh cdc kha nang gidi han cia sir hod hop nguén tin tire lien e véi
kénh truyén. Trong thuc tién diéu nay dat duge bing viée ing dung cia céc dang chéng nhifu
cla diéu ch€ va ma hod.

14. MGl QUAN HE GITA CONG SUAT CUA TiN HIEU VA BE RONG PHO
CUA NO

Tir cong thic (1.41) c6 thé tao ra mot sy hidu 1m, ring kha ning thong qua C cta kénh lign
tuc ¢6 thé tang khong gidi han khi tang B. Diéu dé 1a khong thé, béi vi déng thai véi viec ting B

s€ dan dén tang cong suAt cita tap nhiéu, tic 1 tang dai hugng P, dimg trong méu s6 dudi dau log
trong bidu thic (1.41).

Cong sudt cia nhiéu:

P = N,.B (1.48)
O’ day N, - mt d6 phé cong sust cia nhidu,
it bi€u thic nay vao cong thike (1.41), chiing ta nhan duoc:

C=B.1og,[1+ & ] (1.49)
N,B

Phan tich bi€u thic (1.49), chiing ta thdy ring khi tang dai thong B clia kénh truyén, thi ban
ddu 1am ting kha nang thong qua C ciia kenh, sau d6 gid trj ndy tang ti&n 16 gidi han C_,,, khi
tang B dén vo ciing (hinh 1.11).

L 3

C Cmax _ P,

P.=const.

B B

Hinh 1.11. Giéi han C,,, khi tang Hinh 1.12. Méi quan hé giira
dai thong B ciia kenh. P.vaB.

Chiing ta nhan dugc mot két qua khéc khi khio sy phu thudc ctia cong sudt tin hiéu P, vio bé
rong phé ciia né B - khi cho trudc kha nang thong qua C cia kénh v mat d6 phé nhidu N, Bién
ddi cong thiic (1.43), chiing ta nhan dugc:

&
P = NOB{z*“ —1]
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Su phu thude nay duge bidu dién trén hinh 1.12. Tir day thdy ring cong sudt cha tin hiéu don
diéu giam khi tang bé rong phé clia n6. Diéu nay cho phép truyén tin voi mot t6¢ do can thiét di
mot khoang céch rat xa vdi cong suét tin hiéu rdt nho, néu st dung tin hiéu v6i bé rong phd di
rong. |

Kha nang gidm cong sudt cha tin hi¢u do viéc tang bé rong phd cia né duge goi 1a mdi twong
quan giita cong sust va bé rong phé cla tin hiu. Kha nang nay duge dp dung khi gia cong cac
hé truyén tin vii try, khi ma cong sudt cia tin hi¢u luén ludn bi han ché do ngudén cung cip trén

cdc thi€t bi v try.

45. SO SANH KHA NANG THONG QUA CUA CAC KENH TUONG T VA
ROI RAC
a). Mo hinh kénh roi rac
Khi xem xét cic vin dé clia kenh truyén tin, ching ta thudmg phai phan biét cdc kbéi niém:
kénh rdi rac, kénh lién tuc v kénh ban lién tuc. RS rang trong céc dinh nghia Khac nhau nhu
vay, cdc dic trung cha kénh phai khdc nhau.

Kenh 1oi rac (RR) - (hinh 1.13) duge hiéu 1a dang kénh m& réng, bao g6m ddu vao ké tir ddu
vio bo diéu ché s6, con ddu ra ké tir ddu ra chia bo giai diéu ch& va quyét dinh. N6i mot cach
khdc, kénh 13 rac c6 ddu vio, ddu ra déu Ia tin hiéu rdi rac.

- Néu bo diéu ché s6 thyc hien diéu ché tin hi¢u nhi phan (M = 2), ta ¢6 kénh r&i rac don gian
nhat: kénh nhj phan déi xing (Binary Symetric Channel) (xem myc 9).

e —p Diduchés§ [ Kéenh [ vaiquyét [™ >
kénh dinh ' kénh

Hinh 1.13. Mé hinh cua kénh roi rac (RR).

- N&u bd diéu ché s6 thyc hién diéu ché tin hieu M mitc (M 2 2), ta c6 kénh rdi rac véi tin hiu
M mifc (xem muyc 17).

- Kenh lién tuc (LT) 12 kénh truyén md ddu vao, ddu ra déu la tin hiéu lién tuc, tic la kénh
truyén ma ddu vao & sau bo diéu ché, con déu ra & phia trude bo gidi diéu ché€ (xem muc 17).

- Kénh bén lién tuc (BLT) duge hiéu 1a kénh truyén ma ddu vao Ia tin hi%u roi rac, con ddu ra la
tin hiéu lién tuc. Trong hé théng véi kénh bdn lién tuc viée gia cong 161 wu cdc tir ma duge thue
hien trong kénh lién tyc (thu toan cuc) (xem muyc 17).
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b). So sdnh khd ndng thong qua ciia cdc kénh twong tu va roi rac

Kha nang thong qua ciia kénh nhj phan duoe x4c dinh theo cong thic (1.30). Téc do wuyén ky
hi¢u R cuia kénh nhi phan c6 gid rj R = — = 2B. Dua gid trj nay vao c¢ong thic (1.30), chiing ta
T

-

CO:
C
3 = 2.[1 +plog p+(1- p).log(l- p)] (1.50)

Dé xéc dinh, chiing ta coi ring trong kénh truyén rdi rac, viéc truyén tin s& sir dung phucng
phap di€u ché tdn s 1&i rac, khi d6 xdc suét 161 duge xc dinh theo cong thic:

p=05.[1-®(h)]

Dat biéu thic nay vio cong thitc (1.50), chiing ta nhan dugc sy phu thu6c kha néng thong qua
cta kenh vao dai lugng h (hinh 1.14, dudng cong 1). Tir hinh v& nay, ching ta thay rang khi h—
o, khd nang thong qua cha kénh tién 16i 2B.

Kha nang théng qua cla kénh lién tuc duge xéc dinh theo cong thic Shannon (1.41), khi dé
ching ta nhan dugc:
£=log2[1+h2] (1.51)
B
Su phu thude nay ciing duge trinh bay trén hinh 1.14, duimg cong 2.

. o~
C/B
2
3 p.

2 /-—""""‘
/
1 /V

h
0 1 2 3 4

Hinh 1.14. Sy phu thudc kha nang thong qua ciia kénh vao tham sé h.

So sdnh hai d6 thi, ching ta thiy rang khi h— oo, d6i v6i kénh rdi rac 3 — 2 cbdn d6i véi

kenh lién tuc % —> o0, hon nifa v& gid trj bét k¥ ciia tham s6 h, khé nang théng qua cfia kénh

lien tyc déu vurot kha nang thong qua ctia kenh roi rac. Didu nay duoc giai thich nhu sau céc tin
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hiéu diéu ché r&i rac khac v6i nhiéu tring Gauss, cdn phi hop theo 1y thuyét Shannon, kha nang
thong qua chia kénh s& 16n nhét & cdc hé théng ma tin hiéu ti&n t6i nhiéu tring Gauss. Cic tin
hi¢éu tuong tu theo cfu tric chia minh c6 thé tién dén nhiéu tring Gauss 16t hon céc tin hiéu roi

rac.

16. HIEU QUA CUA HE THONG TRUYEN TIN

Thuat ngit "hiéu qua" c6 nghia 1 "Kinh t€ . Mikc do hiéu qua c6 thé duge ddnh gid theo don vi
tién té (ching han, gid thanh xay dung mot km cha dudng lién lac, thdi han hoan von, chi phi
khai thic v.v..). Miac dii d6 1 céc chi tiéu quan trong, nhung ching ta s& xdc dinh mirc d¢ hiéu
qua ciia cdc he théng truyén tin bing cich sit dung céc dac trung k§ thuat cfia ching. Chéing han,
mot hé théng truyén tin nao d6 bao dam truyén tin trong dai am tin véi 16¢ do 1200 bit/sec, cdn
mot he théng truyén tin tha hai bio dam t8c d6 9600 bit/sec, thi véi quan diém ciia ching ta he
théng truyén tin thir hai duge coi 1a hiéu qua hon (véi quan diém sit dung t6t hon dai thong cla
kenh truyén). Mac dit, he théng thit hai c6 thé c6 gid thanh dit hon h¢ théng thé nhét. Lai cling
¢6 thé, v6i quan diém cia chi tieu k§ thuat thi h¢ théng thit hai c6 thé coi ring kém hiéu qua hon
he théng thiy nhét, néu viéc so sdnh dién ra khong theo kha nang théng qua cia kénh, ma ching
han, theo cong sust kich thich vao dudmg truyén. Trong trudng hop thit hai nay, c6 thé hé théng
thit hai doi hoi cong sudt tin hiéu i6n hon.

Céc he thong truyén tin hién dai cdn bdo dam dat duge t6c 40 truyén tin cao véi dai tdn s6 da
cho, cuc tiéu cong sudt tin hi¢u va xdc sudt méo cye tiéu.

Pé danh gi4 mic do hicu qua cia cdc h¢ théng truyén tin rét thudmg xuyén sir dung ba chi tiéu
hi¢u qua sau;

o  Chi tieu hiéu qua: ﬁ=Pch[,: y=~g~ ; r}=% (1.52)

Trong cdc cong thitc nay: R - t6c do truyén tin; P/N, - ti s6 cong sudt cia tin hidu trén mat do
phé cong sudt nhidu; B - dai thong t4n ctia kénh truyén; C - kha nang thong qua ciia kénh truyén.

T4t ca céc chi tiéu hiéu qua trén déu 1a céc dai lugng khong thit nguyen, va duge xdc dinh voi
gia thiét ring kénh truyén bio dim x4c suat méo tin hiéu di nho (duge cho trude).

Céc chi tieu hiéu qua néu trén c6 ¥ nghia vat 1y don gidn nhu sau: chi tiéu higu qua B - chi ra
cong suft cha tin hieu P, dugc sit dung nhu th€ ndo trong truyén tin khi cho trude 16¢ do truyén
R; chi ti¢u hi¢u qua v - chi ra hiu qué sir dyng dai thong kénh truyén nhu the nio; chi tiéu hi¢u
qua 1) - chi ra hiéu qua si dung kha nang thong qua C clia kénh truyén nhu the nio.

T4t ci cdc chi tiéu hidu qua trén déu c6 m6i quan he wiong hd véi nhau. DE xdc dinh mdi quan
he teong hd ndy, tir cong thitc (1.52) ching ta loai bo R va nhan duge:
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s

}f:-——-—:

P.
N,.

e~

B (1.53)

&
Ny~

P . ,
& day F“- =h’-1is6cla cong sudt tin hi¢u trén cong sust nhilu.

"

Kha nang thong qua ciia kénh lien tuc (kénh Gauss) phu thuéc vio dai lugng A’ duge xdc

dinh theo cong thiic Shannon (1.41). Dat vio cong thic ndy quan he (1.52) va (1.53), ching ta
nhan duoc:

y-B . 4

B.logz(—g + IJ logz(% + IJ

Chiing ta nghién c\u gi6i han cia sy phu thudc giita B va y trong cong thic (1.54), bang cich

n= (1.54)

dat 7 =1 ( vé mat Iy thuyét dai luong c6 thé dat duge gisi han phi hop véi 1y thuyét Shannon déi
vdi kenh, trong d6 tin hiéu va nhidu theo cu tric cia minh tién 16 tap m tring, dai lugng R ¢6
thé ti€n gén dén C tuy ¥, khi thyc hien ma hod phii hop). Sau bién d6i don gian, chiing ta nhan
dugce:

Y
= 1.55
F== = (1.55)

Gi6i han nhan duoc cia s phy thudc gilta B va ¥ d6i v6i kénh lien tuc duge trinh bay trén hinh
1. 15 (dai luong B va y duoc trinh by theo 1 Je logarit). 0" day trinh b2y m6i quan he gifia B va
Y d6i v6i cdc dang diéu ché rof rac khdc nhau. Khi tinh todn cdc dai lugng ndy da cho ring xdc
suit méo tin hiéu r4t nhd (xdc sust méo tin hi¢u chon bing p =107°). Trong trudmg hop nay,

1
néu sir dung cong thite (1.29), chiing ta nhén dugc R = C =? » & day T- do dai chia phén v tin

hidu.
Diai thong tdn hi¢u qua ciia kénh truyén d6i véi cdc dang diéu ch€ khic nhau duge x4c dinh
theo cong thic:

B= % - d6i vé6i tin hi¢u ASK hai miic (M=2) bién do.

= —~———— - d0i v4i tin hiéu FSK véi M mifc tdn s6.
T.log, M

= —————. d0i vdi tin hiéu PSK v&i M miic pha. (1.56)
T.log, M
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Bang 1. Hiéu qua cua cic dang diéu ché khic nhau

Chi tiéu ASK FSK BPSK
Téc 30 truyén 1 i 1
thong tin R ? ? ?
Dai théng tdn 1 2 1
hiéu qua B ? ? ?
R 1 (0db) 0,5 (-3db) 1 (0db)
y=0
B
he 39 19.5 9,75
1 1 i i
B=— — (~15,9 db) —— (-13db) (-9.9 db)
}ﬁ 39 19,5 ,
¥ 0,19 0.15 0,29
T‘ —
log, (Y g+ 1)

Chiing ta xdc dinh dai luong B d6i vai trudmng hop khao s4t (x4c suft méo tin hi¢u bé):
R /T N 1
2 (1.57)

P=pIN,"PIN, E B

& day E =P_.T - nang lugng cla tin higu.
Chiing ta tim dai lugng hg d6i véi xdc sudit 4 cho p = 10, khi thu t6i vu cdc tin higu diéu ché

trén, theo cong thirc:

Pase = %[1 - (D[%]] 10"

1 -
Prxx ='2'[1_(D(h0)]=10 ’

Ppsx = %[1 - (D(‘/Eho )]= 107 (1.58)

tir day xéc dinh duoc: A2, =39 Al =195 hgpy = 9,75 . Tat ci céc tinh todn trén doi

véi trudmg hop M = 2, duge trinh bay trong bang 1. O' day chi s6 hiéu qud 1 duge xdc dinh theo

coOng thic (1.54).
Cic gié tri cha chi tiéu hiéu qua n (ddng cudi cling clia bang) da chi ra chiing hiéu qua nhu the

ndo d6i véi cdc dang didu ché s6 khac nhau.
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Céc cong thic tinh todn cé thé diing cho ca truong hop tin hiéu nhiéu mitc (M mfe). Két qua
tinh todn dugc trinh bay trong dang dé thi trén hinh 1.15. Céc s6 trén hinh vé chi ra céc gidmM
dugc sir dung cho cdc tin hiéu diéu ché.

Dai véi chi tieu hiéu qua B khi ASK cdn gidi thich them. Van dé & ché d tin hi¢u ASK khdc
vdi tin hiéu FSK, ciing nhu tin hieu PSK, t6n tai cdc khoang tréng "thu dong" (khi didu ché ky
hi¢u 0, gid tri tlic thoi cia cong sudt tin hiéu bing 0). Didu dé gidi thich ring khi tinh cong suft
cua tin hiéu ASK theo trung binh, chi khong phai miic cong suat dinh, dai Iwong B tang 3db.
Diéu nay duge thdy trén hinh 1.15.

Tir hinh v& thdy rang khi tang M d6i v6i FSK dai luong B - tang, con dai luong y - gidm, nghia
1a d6i v6i tin hiéu FSK sir dung cong sudt t6t, nhung sir dung dai thong kém. D6i véi tin hiéu
FSK nhiéu mitc tdn s6 nén sir dung trong truong hop cong sudt tin hiéu bi han ché, con dai thong
khong bi han ché, ching han, trong thong tin vii tru. Nguge lai, d6i vé6i tin hieu PSK, khi tang M,
dai lugng y - tang, con dai lugng P - giam, nghia 1a nén sir dung ching cho trudng hgp dai thong
bi han ché, chéng han, trong mang dién thoai v6i PCM.

St

B,db [__ LT( i@{ han Shannon|

14 eASK [\ A

-14 | " \
-16 | | | \ 16

108 6 4 2 0 2 4 6 8 ydb

Hinh 1.15. Tinh hiév qua cia h¢ théng truyén tin,

Trén hinh 1.135. ciing trinh bay dudmg cong cho h¢ théng v6i tin higw roi rac (M = 2), duoe sit
dung dé gia cong t6i vu tin hiéu trong kénh ban lién tuc (BLT) va cho hé théng vai tin higu rdi
rac (M = 2, va M = 4), duge sir dung dé gia cong tin hiéu trong kénh rdi rac. Tir hinh v& ciing
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thiy ring cdc hé théng nay theo tinh hi¢u qua ctia minh ti€n gin dén giGi han Shannon, khi y bi
han ch& vi tin hiéu i rac.
R, log, M
B TB
C6 su khéc nhau giita he théng v6i kenh lien tyc (LT) va kénh r&i rac (RR) theo chi tieu hi¢u
qua B duge gidi thich nhu sau: trong hé théng v6i kénh ban lién tyc (BLT) viéc gia cong t6i tu
céc tir ma duoc thue hien trong kénh lien tyc (thu theo toan phin); trong h¢ thEng v&i kénh roi
rac (RR) viéc gia cong t6i uu cdc tin hiéu duge dién ra theo ky hiéu ma trong kénh lien tyc (thu

Vmax = (1.59)

theo ky hiéu), con viéc gidi ma 161 wu cdc tir mi dugc tién hanh trong keénh roi rac. Ching ta gia
thiét riing trong trudmg hgp nay, cling nhu céc trudng hop khéc, ma chéng nhiéu duge sir dung
phit hop véi 1y thuyét Shannon trong kénh cé nhiéu.



CHUONG 2
CAC MA KINH TE

(Céc ma hod nguén)

Trong chuong nay, trude tien chiing ta nghién citu céc loai ma tigt kiém, coi chiing 12 co s& cha
cdc md nén s6 lieu; sau do ching ta nghién ctru céc mi nén s6 Iiéu, goi 14 cdc ma kinh t€, Cic
ma kinh 1€ 1a xu huéng clia cic mi hos ngudn, vi muc dich ctia chdng d€ biéh déi cic tin tiic
nguén thanh cdc ban ma, nhimg luon xdy dung theo hudng kinh té. Chiing ta nghién city thuat
todn nén s¢ litu quan trong nhat, phd thong nhat 1a thuat to4n nén van ban LZ77, v6i dudi clia
file nén .ZIP; thuat todn nén anh tmh JPEG va thuat toén nén anh déng (video) MPEG:; cu6i
cling cdc phuong phdp ma hos (nén) tin hiéu tiéng néi.

1. CAC KHAI NIEN CHUNG VE MA

Tin tifc (ti€ng ndi, am nhac, hinh anh truyén hinh v.v..) khi duge gini dén ngudi sit dung, véi
vige str dung hé théng truyén tin di¢n tw, trong phén I6n trudmg hop, khoéng truc ti€p truyén cic
tin tic ndy, ma thong thudng dé vigc truyén theo kénh lien lac duge hiév qué phai théng qua céc
phép bi€n déi goi 1a ma hod. D6 véi chc ngudn réi rac (bao gém céc ky tu, ban vé&) ciing ddi hoi
phép bien d6i (ma hod) twong oy nhyt vay; duoc goi chung 1a cic phép md hod ngusn.

Sau dy, chiing ta trinh by mot s& khaj ni€m chung vé ma:

* Md hod: trong trudmg hop chung d6i véi céc tin tic risi rac, duge hiéu 13 phép bich doi céc tin
cla tip tin X{x;} véii= 1+ N, thinh céc tir ma cha t4p mi Clay} cling véi j = 1+ N, dé cho phép
ma hod ¢6 tinh thuan nghich mot - mét. Yéu cdu chung cha phép ma, dsi véi cic tin i rac, 1a
khong duoc 1am t6n hao théng tin. Tuy nhién, cin nhé ring cdc phép mé hod ngudn twong v I3
cdc phép ma hod c6 t8n hao thong tin, hay cé gay méo. Trong cdc trudng hop nhu thé, tin tic
duge khoi phuc khéng con chinh xic tuyét d6i nhur tin tifc ban ddu, truée khi ma hod.

* Gidi md: 1a phép bién d6i ngugc véi phép mi hod, tic 1a bién d6i cac tir ma ciia tap mi C{ay}
thanh ra cdc tin clia tap tin X{x,}. N&u phép mi hod khong 1am tdn hao thong tin, thi phép giai
ma s& khoi phuc duge chinh xé4c tuyet d6i ban tin gdc (tat nhien, ciing phai gia thiét them ring
kénh truyén khong nhiéu).

* Co s6'cia bg md, thudmg ky hieu 13 m: 1a s6 lwong cdc ddu md, hoac k¥ hiéu {symbol) md khic
nhau duge sir dung trong bo mi dé. Chéing han, ma nhi phan chi sir dung hai loai ky hiéu 1a 0"
va "1", khi d6 m = 2; ma co s6 16 sit dung 16 ky hiéu khic nhau 12 0, |, 2,3,4,5.6,7,8,9, A,
B,C,D,E,F,khid6 m = 16; v.v...

Giilta cdc by ma v6i cic co s6 m khic nhau, o6 thé chuyén déi cho nhau, Ching han
(13),6= (1101),; (2F9A),4 = (0010_111 1_1001_1010),.
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+ Tir md: Vi thong thudng s6 ky hiéu cha bo mi it hon s6 k¥ hiéu clia tap tin, cho nén khi mé hoa
méi ky higu (méi tin) clia ap tin duge bién ddi thanh mot tir ma, ta mot tap hop nao dé cha cac
d&u ma (ky hieu ma). Chang han, ky tu F duge ma ho4 theo ma ASCII chudn, cho tir md dai 7 ky
hiéw: oz = 1000110

* Chidu dai cia tir md, thudng ky hidu 1a n: 1 s6 lugng cdc k¥ hi¢u mé c6 trong mot tir md nao
d6. Chang han, v6i bo ma ASCII chuén cho moi tir ma c6 chiéu dai n = 7, con v6i bo ma ASCI
mé rong cho moi tr ma ¢6 chiéu dain = 8.

Can ct vao chiéu dai cha cac tit ma trong bd ma, ngudi ta phan chia thanh bo ma déu va bo md
khong déu. B¢ md déu, dugc hiéu 13 bo ma, ma moi tir ma clia né déu c6 ciing do dai. Ching
han, bo ma ASCIL. Bé md khéng déu, 12 bd ma, ma céc tir md khic nhau, néi chung, ¢6 chiéu dai
khic nhau, titc 13 n, # 0, # .... # ny . Bd ma khong déu thudng duge su dung dé 1am cic ma kinh
té.

* Md kinh 15 13 phép mé hod (bién déi) tin tde v6i muc dich gidm bot khoi lupng ky hiéu ma va
ndng cao toc dg truyén tin trén kénh, hodc 1a lam gidm ddi théng tdn yéu cdu doi véi kénh
truyén. Ma Kinh 1€ con duge goi la md tiét kiém, md khong cé du, va ciing cdn goi la nén 86 lidu,
Phin 16n céc phép ma hod nguén déu thyc hign theo xu the ma kinh t& (ngoai trlr, ching han,
ASCID), vi vay nghién ciiu cdc ma kinh t€ ciing 1a nghién citu cdc ma hoa ngudn.

Tén tai mot 16p ma, ma phép ma hod khong gay ton hao thong tin, xay dung theo quan diém
mé kinh ¢ dya trén cd s& clia dinh 1y mé hod thit nhat cha Shannon dsi vdi trudong hop kénh
khong nhiéu. Ciing t6n 12i nhiéu phuong phdp md kinh t€ khéc dugc xay dung khong tuan theo
nguyén tac ciia dinh 1y nay (xem chuong 1).

2. CAC PHUONG PHAP BIEU DIEN MA

Mot bd mi thu dugc sau phép mé hod, c6 thé duge biu dién bing nhiéu phuong phdp khic
nhau. Sau day, chting ta khio sdt hai phuong phdp don gian nhét, con cdc phuong phdp khac
duge xem xét & cdc phén thich hop ti€p theo (xem chuong 3).
a} Phuong phdp bdng

Xét mot tap tin ¢6 5 tin, X{ X,, X, Xa, X4, Xs}, dem ma hod biing bé ma khong déu, dugc tap ma
C{a,, 0y, Oy, Gy, &5 . C6 thé biéu dién mei quan he gifia céc tin cha wp tin véi cic 1lr ma clia
tap ma nhwr bang 1.

Bang 1: M&i quan hé giGia cac tin va tiy ma toong img

xi xl X2 x3 x4 X5
ai 00 0l 11 100 101
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Phép bidu dién nay rat don gian, truc quan. Tuy nhién, chi thich hop cho cdc bo ma ngin.
Cling cdn nhan xét ring phép ma hod nhu the nay, Ia phép bien déi don tri, hay phép bien déi
khéng lam t6n hac thong tin, vi m&i tin duoc mi hod bang mot tir mé rieng biet, vi vay né cho
phép bién déi nguge ciing don trj va khoi phuc duoe chinh xdc tuyét doi tin tie ngudn,

b} Phuong phdp cdy mad

Mot b mé ciing rt thudmg ducc bidu dién nhe cdy mi. Cay ma gbm cdc niit va cde nhdnh.
Nut xuat phét cha cay ma goi 1a nir gée. Tir niit g6c moc ra 2 nhdnh (néu mi m phan s& ¢6 m
nhdnh, & day m = 2).

Nhénh diing d€ ghi cdc ky hiéu ma, cdc nhanh ddu tién dé ghi cdc k¥ hiéu ma ddu tién clia cdc
ttr ma. Qui ude nhanh 1€ vé bén trdi clia nut ghi ky hi¢u 0, cdn nhdnh ré vé bén phai ghi ky hiéu
1 (tdt nhien, ciing ¢6 thé qui uSc ngurge lai). Nhanh két thiic & niit bic cao hon. Tir nit bac cao
hon, lai moc ra 2 nhanh va lai qut udc ghi cdc ky hiéu ma nhu trén.

Céc nhédnh c1t ti€p tuc moc dai ra, tuy theo chiéu dai cia tiy mad, cho dén khi dai bang tir ma dai
nhat thi thoi. Méi tir ma duge x4c dinh bing cdc ky hiéu ma ghi trén cdc nhdnh, bat ddu tir nat
g6c va ket thic & niit cu6i cling ciia nhanh. Trén hinh 2.1a) biéu dién ciy mi cho bd mi & trén
bao gdm cdc tir ma: 00 - O1- 11- 100 - 101.

0

100 101

Hinh 2.1a). Cay ma biéu dién b6 ma c6 5 tir.

3. MA THONG KE TO! UU (HAY TIET KIEM) CUA CAC TIN TUC ROI RAC,
POC LAP VGI NHAU

Khi xay ding dinh 1y thir nhat, Shannon di dé nghi goi ma d6 1a mi t8i vy, vi 06 nang cao
ning sudt ciia ngudn rdi rac, cing goi 1a théng ke, vi dé thyc hién ma ho4 cén phai biét trude xdc
sufit xuat hi¢n ciia cdc tin & du ra ciia nguén (phai tinh todn théng keé tin tiic).

Nhur d2 biét, ndng sudt (khé nang sin sinh tin) va dg du thita cia ngudn rdi rac duge x4c dinh

phil hop theo cong thic:
H(X) H(X)
R(X)= =1—
(X)= T Eu H(X), ..

49



Co s& 1y thuyét truyén tin

(' day T - chiéu dai trung binh cia cdc tin, gy, - d6 du thira ctra ngudn tin, con H(X),, = logN
- entropy cuc dai clia ngudn, v6i N - Kich c& cde tin clia ngudn.

Bay gid ching ta xét true khi givi ban tin lén kénh truyén, ban tin dugc ma hod. Ching han,
bing bé ma khong déu va phép mé hod khong 1am t6n hao thong tin. Lic nay méi tin x, dugc mé
bing tir ma o, ¢6 chiéu dai n,. Chiéu dai trung binh cla cic tif mé, ky hiéu la 7 — duge dinh

nghia:
N
A=E{n}=>Y p(x)n (2.1)
=1

Khi xdc dinh cong thifc (2.1), ching ta cho ring xdc suat xuat hign cdc tir ma bang xdc suft
xuét hién c4c tin, hon nita diéu d6 hoan toan ding. Ky hiéu E{.} - d€ chi todn tr ky vong.

M&i tir ma 6 chiéu dai (theo thoi gian) T, = n,7,, vdi 1 chiéu dai méi ky hiéu va coi la nhu
nhau, thi chiéu dai trung binh (theo thdi gian) cia ¢ic tr ma 7 = n.7;. V4i by ma, ching ta
ciing dua vao cédc dinh nghia ndng sudt (kha nang san sinh tir ma) v dé du thira cda bd ma duge
xdc dinh phit hop theo cong thic:

H(X) H(X)

R(X) === ge=1-— 2.2)
4]

Trong cong thitc ddu, rd rang dé tang nang sufi ciia ngudn tin cdn xay dung cd ch€ ma hod dé
chiéu dai trung binh clia bd ma 7 phai nhd nhat cé thé. Con trong dinh nghia do du thia g .
clhia bd mi, thi 7 déng vai trd H(X),., & cong thic xdc dinh g,, . Tuy nhién, dé giam do du
thira g, , khong sit dung xu huong 16 chic bo md dé H(X) —» H(X)_, . vi H(X) v6n dd dugc
xac dinh theo dac trung théng ké cla tap tin, ma sir dung cd ché ma hod dé # — H(X). Tir
day, 6n tai mot phat bi€u khéc clia dinh 1y thit nhat Shannon vé chiéu dai trung binh 7 cia bo
ma:

Luén luon xdy dung duge mét phép md hod dé chiéu dai trung binh ciia by md 1 cé thé nhd
tuy v, nhung khong thé nhé hon entropy cva tdp tin dem md hod.

Bt dang thifc cha dinh 1y ndy c6 dang:

HX)Yysn<H(X)+1 (2.3)

Nhu vay, c6 thé dinh nghia 7, = H(X). Mot co ché ma hod dé # —> 7, 1a co ch€ ma hod
181 wu. Lic nay, bd ma khong ¢d dé du thira.

Tir cong thifc (2.2), thiy rang :
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Dé ndng cao ndng sudt ciia nguén md hod (hodc t6c do truyén thong tin trén kénh) - R, ciing
nhit d€ gidm do die thia 8¢ cua bé md, cd hai can gidm chiéu dai trung binh n cia cdc i md.

Ddy chinh ld xu huwéng cia cac md kink 16, CHNG con goi Ia md tiét kiém cua cdc tin tie roi rac.

a} Nguyén tac chung ciia co ché md hod tiér ki¢m (khong gay 6n hao thong tin):

AN
Tur cong thic (2.1), ta ¢6: 7 Z plx,).n, , con H(X)-Zp(x Jlog

=t '

. Tir day theo
cong thite (2.3) ta c6:

N | LY l
;p(x,)n Zl p(x,) ng(x,)

Pé thyc hién duge bat dang thitc nay, thi véi méi s6 hang cta téng (méi tir m3) cdn thuc hién

diu kién: n, > log

, tir day chiing ta ddn ra quan hé: n-~
p(x, px,)

. & day dau ~ c6 nghia la

ti 1&. Cin phai thyc hién mot co ché ma hod theo Nguyen tac: tin ndo ¢6 xdc sudt xudt hién p(x,)
lon, phdi md hod bdng tiv G cé chiéu dai n; nho va nguoc lai; vie 1a phai thuce hién phép ma hod
dé thod man chudi bat ding thc:
P(x) > plx,) >..> p(x,)- sip x&p céc tin cia tap tin theo thif tr cla xdc sudt gidm din
(cling c6 thé sip x€p theo thit ty nguoc lai);
<My <..<ny - thyc hién md hod dé duge chui bat ding thic vé chiéu dai nay.

Sau day, chiing ta khio st hai thuat todn thyc hién theo nguyén tac nay.
b) Md Shannon - Fano

Thudt todn cia ma nay thue hién theo ba budc sau:

1. Sap x&p cdc tin cla tap tin theo thir t ciia Xdc sudt giam dan.

2. Chia tap tin thanh hai nhém con, theo nguyeén tic c¢6 tdng Xdc sullt céc tin trong méi
nhém coi 13 twrong duong nhau. M3i tin c¢ta nhém con & trén, ght ky hiéu ma 1 (hoac
nguoc lai, ghi k¥ hi¢u ma 0), coi d6 14 ky hiéu ma d4u tién cla cdc tir ma thudc nhém
con niy. Méi tin cia nhém con & dudi, ghi ky hieu ma 0 (hoac nguoc lai, ghi ky hicu
md 1), coi d6 la ky hiéu ma ddu tién clia céc tir ma thude nhém con nay.

3. Lap lai budce 2 nhiéu 14n, cho dén khi méi nhém con chi con mot tin, thi k&t thic bude
ma hod va xé4c dinh dugce cde tir mi tuong tng.

Thi dy I: D& minh chimg cho thuat toén trén, chiing ta xét mot thi du don gidn. Cho mot t4p tin
(ddy du) gbm 8 tin, v6i xdc sudt xuat hien ctia céc tin tucng (mg nhtr bang 2a):
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Bang 2a): Cac tin va xdc sudt tuong éng cia ching

X; X, Xz X3 X4 Xs X X,

Ay

p(x;) 0,15 0,13 0,35 0,09 0,08 0,07 0,09

0,04

8
Chi y: Z p(x,)=1 -tap tin ddy di (hay toan phin).

=1
Néu ma hoa tap tin ndy bing bg md déu, thi mdi tir ma ¢6 chiéu dai n =3, vi

N = 2% = 8 12 s& luong cdc tin, cling 14 s6 lugng céc tir ma.

3
Entropy ciia tap tin: H(X) = Z p(x;}og : ) =2,69,

=l i

B B
Chiéu dai trung binh céc tirma déu: # = Z np(x)= Zn.p(x,) =pn=3,
=1

=l
P du thira cia bo ma déu, trong trudmg hop nay 1a:
_HX) 260
n 3

1

= 0,103

gw =1

Hon nita go, = g 3¢ » tic 12 d0 dur thira ciia b ma biing d¢ du thira cla tap tin. Md hod mor 1dp

tin bdt ky bang bo md déu, dé bdo ddm tink khong lam t6n hao thong tin, chi ¢6 thé lam cho g

28

Xét ¢ nghia cha do du thina g,, & cong thiic trén, c6 thé md rong nhur sau: vé trung binh ¢6 thé

néi ctt 100 k¥ ty (tit ma) thi ¢6 dén hon 10 ky ty (tir mi) khong chia thong tin.

Bay gid, chiing ta dem md hod tap tin nay theo thuit todn Shannon- Fano, theo 3 budc via

trinh bay & trén. Qud trinh ma hod dugc trinh bay thanh bang 2b):

Bang 2b): Qua trinh ma hoa theo Shannon- Fano

Tin | p(x) Céc bude m hod Tir ma ;. p(x;)
Xs 0,35 00 00 0.7
X, 0,15 01 01 0.3
Xa 0,13 100 100 0,39
Xq 0,09 101 101 0,27
X7 0,09 1100 1100 0,36
Xs 0,08 1101 1101 0,32
X6 0,07 1110 1110 0,28
Xq 0,04 1111 I111 0,16

Tir bang 2b), chiing ta xdc dinh duge do dai trung binh cila cdc tir ma:
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con do du thira ciia bo ma:
2,69

»=1-—==-=0,032
8csk 2.78

RO rang trong trudng hop nay do du thira g,,. cha bo ma Shannon-Fano nhd hon it nhiéu so
V@i trudmg hop sir dung ma déu.

BO mi nay, cling nhu bo ma Huffman xét sau day, déu c6 tinh PREFIX. Dic tinh niy phat
biéu nhv sau: moi 6y md c6 chiéu dai dai hon, déu khéng chita & phdn ddu ciia ching cdc tir ma
cd chiéu dai ngdn hon. Nhd dic tinh ndy ma bo md ¢6 tinh phan tich dugc khi giai ma [Ban doc
mudn tim hiéu k§ vé tinh chat nay, c6 thé tham khio thém céc tai 1iéu khac, chdng han, [8]].

c) Ma Huffman

Thuat todn Huffman bao gém 4 budc sau:

1. Sap xép cdc tin cla tap tin theo thif tw chia x4c sudt giam dan.

2. Hop 2 xdc suft cla hai tin cu6i bang (2 tin ¢6 x4c susit nhé nhap), mot tin ghi ky
hiéu ma 1, con tin Kia ghi ky hiéu ma 0 (tuy chon). X4c susit téng cita 2 tin dugc
coi 1a mot tin méi va lai duge sdp x&p cdc tin con lai véi tin méi theo thi Iy clia
xdc sudt giam ddn.

3. Lap lai budc 2 nhicu l4n, cho dén khi 1éng xdc sust c4c tin bing 1, thi két thic qud
trinh mA hod.

4. Tiurmd iing v6i mdi tin duge lap nhir sau:

* Doc cdc ky hiéu ma theo chiéu tir dudi 1én trén, bit diu tir xdc sust ca tin tuong
img {tai vi tri bat ddu budc hop 2 xic sudl).
* Ghi cdc ky hiéu ma clia mdi tir ma theo chiéu tir phii qua tréi (ghi theo trinh tu
nguge).
Thi dy 2: D& minh chimg cho thuat todn nay, chiing ta xét thi du & bang 3a) sau:
Bang 3a): Céc tin va xac suét tuong ¢mg cita chiing

Tin x, X, X, X3 X4 Xs Xe X5

p(x,) 0,1 0,06 0,34 0,07 0,23 0,01 0,19

Qud trinh ma hod theo Huffman duge trinh bay thanh béng 3b).
Tir bang 3a,b), chiing ta xdc dinh duoc entropy cha tap tin va do dai trung binh cia cédc tir ma

nhu sau:
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;
1
H(X)= Zp(x,-)logz[p(x

i=1

.
)] =23825 A=) n.p(x;)=245
i=1

{

Do du thira clia tap tin va cha b ma:

H(X
gy =1- H(X) __23825 Z01513  gen :1_¥ -1 _2.3825 0,0276
H{X ) max 2,8073 I ,
Bang 3b): Qua trinh ma hoa theo Huffman
Cictin | X4c sust Cécbu6cmihéa | Tuma |n.p(x,)
X p(x) Lo

X, 034 034 034 034 5042 05841 11 ;0,68
xs 1023 1023 023 024 0,34%,0,42‘:-{-)' 01 | 0,46

X, 0,19 0,19 0,19 | 0,2341 0,24 00 | 0,38
X, 0,10 0,10 0,141 0,19 100 | 0,30
X, 0,07 0,07j10,1 0 1011 | 0,28
X, 0,06:i~?0,07 0 . 10101 $ 0,30
X, 0,01 | 10100 | 0,05

2,45

Ciy ma ca bo ma & thi du 2, nhu hinh 2.1b)
Néu dem md héa tap tin trén (thi du 2) theo ma déu, ching ta cin sir dung céc tir ma c6 d9 dai
n=3,viN=2'=8>7.Dodéchifudiitrung binhclabd mi ¥ =n=3.

0/\1
0 1
0 1
S /{\\.
00 .}l 0 1 11
0 1

100
0 1 1011
10100 10101

Hinh 2.1b). Cay m4 biéu dién bo ma ¢6 7 tir (thi du 2).
D¢ du thira cia bd ma déu, trong trudmg hop nay, duge xic dinh nhu sau:
H(X) 2,3825

gp=l-—==1~ =0,206
n 3

Nhu vy, gep> gu. t0c 13 phép ma héa déu, trong trudng hop nay, da 1am ting d¢ du thira.
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Ca hai thuat todn ma tiét kiém xét & trén déu cé tée dung 1am gidm nhé do du thira ciia bo ma
di nhiéu lan.

Nhuoge diém chia md Huffman, ciing nhu ma Shannon- Fano:

»  Dé mi hod cin phai biét trude xde sust (chinh x4c 1a t4n sudt) xuit hieén cha cdc tin, didu
nay rd rang la khong dé dang. D khic phuc nhuge diém ndy c6 phuong phap Huffman
déng, trong d6 tin sudlt cdc tin duoe xdc dinh ding dan d4n cho dén khi xem xét hét ban
tin. Tuy nhién, hiéu qua nén khong cao.

* Chidu dai cyc tiéu clia tir ma khong thé nhd hon 1, trong khi dé entropy clia tin tiic ¢6
thé nhén gi4 tri 1én hon 0, bé tuy ¥, chang han 0,1 hogc 0,01 bit/ tin. Vi vay, cdc ma nay
gin nhu lon luén o6 ds du thita.

¢ Cé4c mad Huffman, ma Shannon-Fano chi dat duge t6i wu (khong cé do du thira) khi xé4c
sudt cdc tin 12 boi nguyen am ctia 2, titc 12 bang: 1/2; 1/4; 1/8: v.v...

Hai dang ma kinh 1€ vira xét & trén, ngay nay khong duoc sir dung truc ti€p dé nén s& liéu. Tuy
nhién, ching dua ra ¥ tudng ddu tien vé phép nén s6 licu, hon nita ban than chiing ciing vin con
dugc st dung 1am ma thanh phan cho nhiéu loai ma nén, ma ching ta xét duéi day.

4. CAC MA CO NHO
Céc mé 6 nhd thudng duge khéo sdt & hai dang sau:

* Cde md khér:

* Cdc md cd nhd hitu han.
a). Md khoi: Ma khéi thue hién chia vécto s6 lieu (& dang nhi phan) ra thanh cdc khéi c6 do dai
hitu han. Sau d6 xédc dinh t4n suit cia cdc khéi ndy, r6i dem ma hod theo cdc phuong phdp ma
tiét kiém di xét & myc 3. Két qua cho ta mot ma tiét kiem hon. V& mi khéi ta néi ring n6 1a ma
khoi bac k, néu t4t ca cde Khéi c6 do dai k ky hieu

Xét thi du sau: cho mot vécto s6 licu X =(0, 1, 1,0, 1, 0, 0, 1,1,1,1,0,0, 1, 0, 1). Trude hét
chia ddy s6 li¢u X ra thanh cdc kh6i c¢6 do dai 2: 01, 10, 10, 01, 11, 10, 01, O1. Sau d6 coi chiing
dugc hinh thanh tr cdc ky hiéu méi (01, 10, 11) c6 tdn sust (4/8, 3/8, 1/8). Dem ma hod day ky
hi¢u mdi theo cdc phuong phdp ma tiét kiém & mue 3, duoc két qui nhu bang 4.

T bang ma ndy, chiing ta nhan duge day tir ma nhu sau:

0,10,10,0,11, 10,0, 0.
NGi cde tirma lai ciing nhau, chiing ta cé diy s& liéu duge goi [a diy s6 liéu nén, ky hiéu B(X):
B(X)=(,1,0,1,0,0,1,1,1,0,0,0)
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Bang 4. Bang ma hoa
Khéi Tirma
01 0
10 10
11 11

Xac dinh cdc tham so dac trung cla bd ma:

i
Entropy H(X)} = —z p(x,).log p(x;} =0,9887 birky hi¢u;
=0

3
Po dai trung binh cha bo ma 7 = Zn, pix) =

1=l

HX) _

Doduthitachabomi g. =1-

1

%+ 2;3 +% =1,5 bit/ky hieu
- 0’(‘:858? = 1-0,659=0,341

Téc do nén, duge dinh nghia R = (s6 lugng bit sau nén)/(s8 lugng bit trude nén); trong trudng

hop ndy béng R = 12/16 = 0,75

b). Md ¢6 nhé hitu han: Khi mi hod vécio s6 lieu (X, Xj,..., Xy ), € U dung mot quyén sich
mi, bao gém tir mot vai loai ma khong nhé khédc nhau. M6i bo chon clia s6 ligu duge ma hod
bing ma khong nhé tir quyén sdch mad, bing céch xdc dinh gid tri clla s6 nao d6 ding rudc s6

liéu chon.

Ta xét mét thi du truyén théng, vécto s6 ligu X = ABRACADABRA. Trong chudi nay rd rang
¢6 su phu thuéc théng ké manh giira cdc ky tu ti€p sau, ma can phai tinh d€n khi chon phuong

phdp mi hod.

Ma c6 nhd khi md hod mdi ky ty chay sé tinh dén gid iri cua ky tu dimg trudc né, Nhu vay, tit
md ciia ky tu chay A s& khdc nhau trong t8 hop RA, DA, CA (mi nay nhé mét k¥ tu).

Bang 5. Bang ma hoa

Ky tu, ky wr dimg trudce

Tir ma

(A.-)

B.A)
(CA)
(D.A)
(AR)
(R.B)
(A0
(A,D}
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Két qua ma hod, duoc vécto B(X) = (1011101111011) ¢6 do dai 13 bit. Néu dem ma hod vécio
X (11 ky ty) bang ma déu, cdn sit dung bo ma c6 chiéu dai cic tit ma n = 4. Nhir vdy, vécto X
dai 44 bit. Té¢ 460 ma hod R = 13/44 = 0,29.

Néu dem mé hod vécto X bing bo ma tiét kiem khong nhe (xét & muc 3).

Bang 6. Bang ma ho4 X theo ma khong nho

Ky tr pEx) Tirma n,.p(x,)
A 5/11 0 0 5/11
B 2/11 10 10 4/11
R 2/11 1190 110 6/11
C 1/11 1110 1110 4/11
D 1/11 1111 1111 4/11

Chubi bit san ma hod khong nhd B(X) = (O1011001110011110101100) dai 23 bit. Nhu vay,
so sanh gilfa md ¢6 nhé vd ma khong nhé, thi t6¢ do ma trong trudng hgp nay la: R = 13/23 =
0,565. RS rang ma c6 nhé kinh t€ hon ma khong nhg.

5. CAC MA sO HoC

Khi ma hod s& hoc, s& khéc véi cdc phuong phép ma di khio sét trude day, lic nay ky tur dé
ma hod (hodc nhém ky ty) s& duge thay thé bing ma phix hop cia né, két qud cia phép ma hod
tdt cd tin tic dugc trinh bay bing mét, hodc mot cdp s6 thute trong khodng tir 0 dén 1. Theo
trinh ty m& hod ciia van ban géc, khoang 4nh xa ctia ching duge gidm nhé ddn, con s6 luong clia
cdc chit s6 he 10 (hodc h¢ 2), dung dé trinh bay né & ting ddn. Céc ky tu ciia van ban goc s& nit
gon tri s6 khoang ban ddu tir gi trj xdc sust cha ching, phd hgp theo mo hinh xdc dinh. Chiing
ta khao sat mot thi du don gidn cia phuong phdp m s6 hoc. Ching han, dem ma hod chudi ky ty
RADIOVIZIR (10 ky w).

Tru6c het, xdc dinh tdn suat xuat hien ciia cdc ky tr nay, két qua dugc trinh bay thanh bang 6.

Vige x€p dat cdc ky ty vao bing c6 thé theo mot trinh tr bt k¥, c6 thé theo trinh ty xudt hién
clia né trong chudi ky tu, c6 thé theo sy ting dén ciia tdn sust xudt hién cdc ky tu, didu nay 12 tuy
chon, két qua ma hod s& khac nhau, nhung hiéu qua déu nhur nhau.

a). Ma hod

Truée khi ma hod, khodng xudt ph4t 1a khoang [0,0 - 1,0), véi do rong 1,0. Chi ¥: dau [- chi
khodng déng, con dfu ) - chi khoang mé.

Ky tr R dwge chon 1am ky 1w md hod ddu tien, khoang ctia né giir nguyén nhu khoéng ban déu,
tirc 1a khodng {0,8 - 1,0), goi 12 khodng thit nhat, véi do rong 0,2.
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Bang 6. Két qua xac dinh tdn suat va khoang tuong img ciia cac ky tu

Ky tr Tan suat Khoang ban ddu

A 0,1 0 - 0l
D 0.1 0,1- 0.2
v 0,1 02- 03
1 0.3 03- 006
Z 0,1 06- 07
0 0.1 0.7- 08
R 0,2 08- 1

Céc ky tu ti€p theo duge md hod theo cdch khoang cia ching duge lam hep dén lai, hon nita
khodng clia chiing duge nam trong khoang trudc dé.

Ky wr A duoc chon lam ky tv duge ma hod thit 2, khoang clia né duoc Jam hep lai theo céch:
gid tri ddu va cudi chia khodng méi duge xdc dinh bing cdch b6 sung vao gid tri ddu clia khoing
rude cdc gia tri duge tinh todn theo nguyén téc: gid tri bd sung cho ddu khoing = do rong
khoang trudc x gid trj ddu cia khodng xust phit (xem bing 6); con gid tri b6 sung cho cudi
khodng = do rong khodng trude x gid tri cudi cla khoang xudt phat (xem béng 6). Trinh ty tinh
todn nhu sau:

- gid tri khodng truéc = 1 - 0,8 =0,2;

- gid tri ddu cha khoang xudt phét = 0;

- vay gid tri b6 sung cho ddu khoang = 0,2x 0,0 =0,00;
- gid tri d4u khoang = 0,8 + 0,00 = 0,80;

- gid tri cudi clia khoang xudt phdt = 0,1;

- vy gi4 tri b8 sung cho cudi khoang = 0,2x 0,1 = 0,02;
- gid trf cudi khoang = 0,8 + 0,02 = 0,82,

Khoang m6i clia ky ty A (goi la khodng thit 2) s& la: [0,80 - 0,82).

Ky tr D duoc chon 1am ky tir duge ma hod thit 3, khoang clta né duge 1am hep lai, dé bd sung
vao khoang thir 2. Céch tinh todn tuong ty nhu trén. Két qua khoang thit 3 s& 1a: [0,802 - 0,804).

Ti€p theo 1 cdc ky tr V, I, Z, O duge ma hod. Két qua trinh bay thanh bang 7. .

Két qua mi hod, chiing ta nhan duge khoang: [0,8025002  0,8025008]. D¢ gidi md duy nhat
chi cdn biét mot gidi han khodng: hodc dudi, hoic trén, ¢6 nghia 1a két qua mé hod chi cdn gi
lai mot gi6i han, ching han khoang dudi - 0,8025002, hon nifa chi quan tam dén cdc s6 sau ddu
phdy, tic 13 s6 nguyén 8025002, 1a mot s6 he 10 gém 7 con s6. Chuyén d6i dy s6 nay sang he
co 56 2, can sir dung 20 bit, vi 2'° = 780288, con 2*" = 1560576, rong khi d6 780288 < 8025002
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<1560576. Bem so sanh v6i ban tin ban ddu gém 10 ky t, dem ma hod bang ma ASCII cin sir
dung 10x8 = 80 bit, chiing ta thay hé s6 nén: r = %g =4,

Bang 7. Qua trinh ma hoa ma s6 hoc

Kyt Khodng ma ho4d D6 réng khoang
"khoang ban dau [0,0 1.0) !
R iG.8 1.O) 0,2
A [0,80 0.82) 0,02
D [0.802 0,804) 0,002
v [0,8024 0,8026) 0,0002
I [0,80246 0,80252) 0,00006
Z [0,802496  0,802502) 0,000006
0] [0,8025002 0,8025008) 0,0000006
b). Gidi md

Khi gidi md chiing ta gid thiét ring (14t nhién) biet gid tri dau ciia khoang cudi ma ho4, tirc 12
0,8025002, ciing nhir qud trinh ma hod phai biét bang tan suat va khoang ban déu cia cc ky ty,
tiic 12 bang 6. Chiing ta biét ngay riing ky ty ddu tien gidi ma duge 1a ky e P, bdi vi 56 0,8 diing
ddu két qua dem gidi ma. Bay gio chiing ta 1ap lai hoat déng clia ma hod:

khoang ban ddu [0,0 1,0}

khodng mi hod ctia P 08-1)

Pé tim ra ky tu gidi m thit 2, chiing ta dem két qua giai mi, tic 0,8025002 trir di gid tri ddu
khoang ctia P, tic 0,8, d€ loai trir inh hudng ma hod k¥ tu P. Két qua duge: 0,8025002 - 0,8 =
0,0025002. Dem chia két qua nay cho do réng khoang ky tu P: 0,0025002/0,2 = 0,012501. Gi4
tri 0,0 nay phdn anh gid tri ddu khodng (hodc nim trong khoang) ciia ky wr A - [0 - 0,1). Nhu
vy, ky tu gidima tht 2 13 A,

Pé tim ky tr dem gidi ma thit 3, chiing ta dem 0,012501 wrir di gi4 tri ddu khoang cia k¥ tr A,
d€ ioai trir anh hudng ma hod cia ky tu A: 0,012501- 0,0 = 0012501, 18i chia cho do rong
khoing ciia ky tr A: 0,012501/0,1 = 0,12501. Gi4 tri 0,1 nay phan anh gid trj ddu khoang cia ky
W D-[0,1 -0,2). Nhu vy, ky ur gidi ma thit 3 13 D,

DE tim ky ty gidi ma thit 4, ching ta dem 0,12501 trir di gid tri ddu khoang cta k¥ tu D, dé
loai trir anh hudng mi hod cta ky wr D: 0,12501 - 0,1 = 0,02501, réi dem chia cho 0,1 13 do
ong khoang cta D: 0,02501/0,1 = 0,2501. Gia tri 0,2 phan &nh gid trj ddu khoang cila ky tr V -
[0,2 - 0,3). Nhur vay, ky tu gii ma thi 4 [a V.
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Tuong ty, chiing ta ¢6 phép tinh: (0,2501 - 0,2)/0,1 = 0,501. Gié tri 0,5 nam trong khoang (chd
khong nhat thiét phai 12 gid tri ddu khoang) ctia ky we I - [0,3 - 0,6); (0,501 - 0,3)/0.3 = 0,67 —
Z; (0,67-06)/0,1=0,7—> 0.

Qua4 trinh giai ma duge trinh bay thanh bang 8.
Bang 8. Két qua giai ma

Gia tri do rong Ky tu & ddu ra Khoang ban dau
) Do rong khoang
khoang mé hoa giai mé dudi — trén
0,8025002 P 08 - 1,0 0,2
0,012501 A 00 - 0.1 0.1
0,1250!1 D 01 - 02 0.1
0,2501 \' 02 - 03 0,1
0,501 1 03 - 06 0,3
0,67 Z 06 - 07 0.1
0,7 0 07 - 08 0,1

6. MUC BICH NEN SO LIEU VA CAC DANG CUA HE THONG NEN

Viéc truyén va luu giit thong tin yéu cdu mot chi phi 16n. Khéi luong thong tin cang nhiéu, thi
chi phi nay cang dit. Déng tiéc 1a trong phdn 16n trudng hop viéc truyén, ciing nhu hwu gii thong
tin, ching d3 khong dugc trinh bay & dang nén. Phdn 16n cdc s6 lieu khi luu gitr ching duge
trinh bay & dang don gidn dé sir dung nhét, ching han, & dang ma ASCIL Dang trinh bay don
gian d6 chi®m mot dung luong 16n khi ktra giff va chi€m thdi gian 16n khi truyén, hogc khong du
dai thong dé truyén chiing. B3i vAy, nén s6 li¢u 1a mot trong cdc xu fuedng bite xiic nhdr trong k§
thuat truyén tin hién dai.

Nhit vay, muc dich ciia nén 36 liéu 1a bdo ddm viéc trinh dién s6 liéu, do nguén tin sinh ra, @
dang nén chdt, dé kinh 1€ hon khi truyén ciing nhw khi luu giit ching.

Sau day s& trinh bay cdu triic chung clia cdc hé thOng nén s6 ligu:

56 lidu clia ngudn—Ma hod—>Nén 8 lidu—(truyén, luu gill) >Gidi nén—>Gidl ma—>Khdi phuc 58
liu.

Trong so d6 ndy: mi hod va gidi mé dugc hiéu phép mé hod ngudn, gidi ma ngudn. Nén s6 li¢u
1a phép bi€n d8i s6 lieu & dang nhi phan thanh dang s6 liéu duoe nén chat. Con giai nén 12 phép
bién d8i nguge lai. Trong nhiéu truong hop phép md hod nén va phép ma hod ngudn la mot. Vé
ban chit nén ciing 14 mot phép ma hod kinh t€.

Hién tai ¢6 hai dang ciia he théng nén s8 ligu:

o He th6ng nén khéng 1am tiéu hao thong tin (nén khong ti¢u hao);
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¢ Hg¢ thong nén 1am tiéu hao thong tin (nén ¢6 tieu hao).
a). Nén khing tiéu hao thong tin

Trong hé thdng nén khoéng 1am tiéu hao théng tin, thi phép gidi nén s& khoi phuc lai chinh x4c
tuyét d6i ban tin nguén. Nhu vay, ciu triic he théng nén nay ahu sau;

Vécto o8 lidu X — M2 hod X — Nén — B(X) - Gidi nén — Gidi m3 — X

Vécto 6 lieu X dé nén, 1 aap tin X = (x,, Xgs.-» XN) €6 6 dai hitu han. Céc tin x, 13 cde k¥ hiéu
ciia van ban, ban v&. Kich ¢4 clia tap tin N 13 hifu han, nhung né cé thé 16n twy y. Nhu vay,
nguén s& liéu 12 tap tin X ¢6 kich c& 13 N cac k¥ hiéu.

Ma hod, dugc hi€u 12 phép ma hod ngudn, thong thudng 1a ma ASCII, méi ky hiéu x;cho mot
tir ma dai 8bit. Diy s6 liéu nhi phan (cling sit dung ky hién X) nay duge dua vio nén- nén thuc
chit cling 1a phép md hod- & dau ra cho diy s6 lieu nén B(X) = (b,, b,,..., by) kich c¢& K phu
thude vao X. Boi vi hé thong nén khong 1am t6n hao théng tin, cho nén véi hai vécto nguén nhur
nhau X, = X, thi sau phép nén ciing nhan duge hai vécto nén nhu nhau B(X,) = B(X,,).

Khi giai quyét bai todn nén 56 lieu, mot cich ty nhién, dan dén van dé danh gid tinh hieu qua
cia cdc hé thng nén khic nhau. Thong thudmg sl dung hai tham s6 dé danh gid tinh hiéu qua
ciia h¢ théng nén sau:

1) Heé s6 nén, ky hiéu r, duge xdc dinh nhu mét ti s6:
r = (kich ¢ s6 lieu ngudn [bit])/ (kich c& s6 lieu nén [bit])

.1 . .
Néur =2, ¢6 nghia 12 kh6i luong bit & bin nén B(X) bang > $0 luong bit & van ban géc X. He

s6 nén r cang 16m, hé thong nén lam viac cang tot.

Cung v6i hé s¢ nén, tinh hiéu qua cia hé théng nén con duge dénh gid bing tham s6 dic trung
cho t6¢c d¢ nén,
2) Tham s6 dac trung cho t6¢ do nén, k¥ hieu R, duoc xdc dinh nhur mot ti s&:

k= % = (kich ¢ s6 liéu nén [bit])/ (kich c& s6 lieu ngudn [bit])

. . 1
Mot h¢ thng nén c6 h¢ s6 nén r cang I6n, thi t6c d6 nén cang nho. Vi r = 2

b). Hé thong nén vdi tiéu hao thong tin

Trong h¢ théng nén véi tieu hao theng tin (nén ¢4 tiéu hao), thi sau khi giai nén, ciing nhu giai
mi ngudn viéc khoi phuc thong tin s& khong chinh xdc nhu & ban tin déu. So dé cu tric clia he
théng nén c6 tiéu hao thong tin nhu sau;

Tin tic S8—>M3 hod nén cé tidu hao (X—lugng tl hod—rX?) —B(XY) >Gidl mF nén X"

tin tlc 5°

61



Ca 33 1y thuyét truyén tin

Trong hé théng nay, tin tic S 12 tin hiéu lién tuc theo thai gian (tin hiéu trong tw). Nhut da biét,
qué trinh ma ho4 nguén fuong ty 1a qud trinh 1am tiéu hao lugng thong tin (do qud trinh ldy mau
va luong tir hod). G' qua trinh mA hod nén cling gy tiéu hao thong tin. Ta xét qué trinh gay tiéu
hao théng tin & qud trinh ma hod nén. Goi X 12 moét mau clia tin hig¢u da duge s6 héa, ¢6 dé 1on
bat Ky X = (X, Xorewrs Xa), 52U qud trinh uong tir hod, d6 16n cdc miu ndy duge [am trdn bing

nguyén lan budc lugng tr hod, duge biéu dién 1a X% Con & budc ti€p theo dugce thye hién nhu
nhau v&i moi mau, tic 13 véi hai maw nhu nhau X} = X, , thi qud trinh nén cho s6 liéu nén
B(X{)=B(X ). 0 qua trinh gidi ma nén s& khoi phuc lai méu X'= (x;,x;,...,x; )} gin ding
véi mdu X, tic 1a X = X theo nghia khoang cdch trung binh binh phuong. Sau gidi ma ngudn
tin tidc duge khoi phuc ciling chi gdn giéng véi tin tic goc, tic la S* = S .

(' hé théng nén véi tiéu hao duoc dac trung boi hai tham s6: t6c dé nén R v dé méo D, duge

xdc dinh:

R == = (o8 lugng bit sau nén/ 58 lugng bit trubc nén)

zi>

f.-1
D =71L—Z(X,. —X,")2 , V6i L- s6 cap mau duge so sdnh

1=0

Tham s6 R diac trung cho t6¢ d6 nén, con tham s6 D dac trung cho d¢ léch trung binh binh
phuong giita cdc miu X va X.

Néu hai he thong nén ¢6 tiéu hao thong tin, mot h¢ théng cé tham sé R, D, cdn he thong kia
¢6 tham s6 R,, D,. Hé théng thif nhat s& 151 hon néu R, < R,, D, < D,. Tuy nhién, rdt ding tiéc la
khong thuc hién duge diéu nhu vay. Vi i6¢ d6 nén R va do méo D 12 hai tham s6 quan he nghich
dio vdi nhau. Bdi vay, véi hé thorg nén c6 tiéu hao, hosic chon cuc ti€u t6c do nén khi cho trude
do méo, hoac chon cye tiéu do méo khi cho trude téc do nén.

Trong thue tién viéc chon luya hé théng nén khong tiéu hao, hay hé thdng nén ¢6 tiéu hao la tuy
thudc vao s6 liéu duoce nén. Khi nén cdc tin tije rdi rac nhu: van ban, chuong trinh mdy tinh, ban
vé v.v.. thi phai tng dung hé thdng nén khong tieu hao; bdi vi cdn khoi phuc chinh xdc 56 ligu
ban ddu. Khi nén s6 liéu 13 tin hiéu ti€ng ndi, am nhac, video v.v.., thi nguoc lai phai chon hé
théng nén c6 tiéu hao (phai s&r dung cdc phép ma hod 6 tiéu hao thong tin), bdi vi phdi chap
nhan mot 46 méo cho phép dé€ bao dam t6c do nén nhd di vai lan. Vi vy, he thng nén ¢b tieu
hao bao dam hé s6 nén cao hon nhiéu so v§i hé thong nén khong tiéu hao.

Sau day chiing ta trinh by mot s6 thi dy, dé biéu dién cdc thi tuc nén, cdc phuong phép don

gian clia ma kinh t€ va hiéu qua nén 56 liéu.
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Thi du I: Gia st ¢6 mot nguén phat sinh anh s& vdi 512512 phan tir (pixel) ¢6 256 miu, Méi

mau duoc biéu dién bing mot 6 tir tap hop (0, 1, 2,..., 255). Bi€u dién todn hoc clia anh nay la
ma tran 512x512, mdi phén t&r anh ndm trong tap hop (0, 1, 2,..., 255).

Mbi phin tir thuoce tap hop (0, 1, 2...., 255) lai dugce biéu dién trong dang nhi phan véi 8bit cho
mot phén tlr. Nhu vay, kich ¢& s6 liéu nguén chi€m 512x512x 8§ = 22! hay 12 2,1 Mbit.

Mot dia ciing cé dung luomg 1Gbit, thi o6 thé chita 5000 anh (mét videoclip dai 5 phuit ching
han}, néu né khong duge nén. Néu cdc anh ndy dugc nén, chang han véi hé s6 nén r = 10, thi dia
nay c6 thé chira duge 1 gidy video phim.

Chiing ta lai gia thiét ti€p ring mudn truyén biic inh nay theo duding day dién thoai v6i van téc
14000 bit/sec, thi thai gian dé truyén xong bite anh s& 1a (21.10%14.10%/60 = 3 phtt. Khi nén
VO hé s6 1 = 40, thi thdi truyén sé chi 14 5 sec.

Thi dy 2: Chon nguén s6 lieu dé nén 12 mot manh anh kich thude 4x4 pixel, bao gém 4 mau: R =
d0, 0 =da cam, Y = xanh biéc, G = xanh I§ cay.

Bang 9. Bing phan phéi mau ciia manh anh

R R

<| <| O O
@ O <X <

R 0
0O O
Y Y

Bi€u dién méanh anh nay theo dong, cdn mdi miu duge gan moét chi 56, ching han, R = 3,
0=2,Y=1,G=0,két qui ta nhan dugc mot vécto s6 lidu:

X=(3,321322122101,1, 1,0)

D€ nén s6 liéu, trude hét xdc dinh tin suat cha mdi s6, sau d6 dem ma hoéd X theo cdc phuong
phdp ma kinh & trinh bay & muc 3.
Bang 10. Bang ma hos theo Shannon- Fano

Chi s6 mau Tirma
3 001
2 01
1 |
0 000

Sir dung bang ma hod, thay th& méi phén tif clia vécto X bing tir m4 twong itng cla bang 10
(mé khéng nhé).Ta nhan dugc vécto nén s6 lieu B(X), vécto B(X) c6 dang sau:
B(X)=(0,0,1.0,0,1,0,1,1,0,0,1,0,1,0,1,1,0,1,0,1,1 0,0, 0, 1, 1,1,0,0,0)

Heé 56 nén trong trudmg hop nay r = 32/31= 1,03.
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Thi du 3: Chiing ta so sdnh hai loai mi khdc nhau, khi thuc hi¢n nén ciing mot vécto s¢ ligu:
X = ABRACADABRA.
Vécto X ¢6 11 ky ur, néu dem mi hod bing bo ma déu phai sit dung tit ma c6 chiéu dai n = 4.
K&t qua vécto X (& dang nhi phén) dai 44 bit.
M3 thit nhét 13 loai ma khong nhd. Bang ma hod (sau khi d& xdc dinh tdn sudt cia cdc ky i,
r6i mi hod theo | trong 2 phuong phdp mi & muc 3} duge dn ra nhu sau:
Bang 11. Bang ma hoa 1

Ky.tu Tirmé
A 0

B 10

R 110

C 1110

D 1111

M thit hai, khi ma hod méi ky tu chay phéi nhd dén ky tu dimg trude d6. Nhu vay, tr ma doi
v6i k¥ tir chay A s& khac nhau trong céc trudmg hop RA, DA, CA (tuong ty d6i v6i céc ky tu
khéc, md nay cé ddc tinh nhé mot ky dimg trude) Tir mi phd hop véi vécto X, tuong (ng v6i hai
loai m& nhu sau:

B,(X)=01011001110011110101100.
B,(X)=10111011111011.

Nhtr vy, h¢ s6 nén khi sir dung ma 1 (mi khong nhé) 1a: 44/23 = 1,9, trong khi d6 h¢ s6 nén
ctia ma thit (mi cé nhé) 1: 44/14 = 3,14. Sit dung ma thif 2 ¢6 wu diém hon, mac ddu né phic
tap hon.

Bang 12. Bang ma hod 2

Ky ty, k¥ tur ding trudc T ma
(A,-)
(B.A) 0
(C.A) 10
(D.A) 1
(AR} 1

{R.B) l

i
1

(AC)
(A,B)
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7. CAC PHUONG PHAP NEN SO LIEU KHONG TIEU HAO. PHUONG PHAP
LEMPEL- ZIV

Thyc 1€ t4t ca phuong phdp nén s6 lieu khong tiéu hao déu thugc ho céc thudr todn tir cong
trinh clia hai nha bic hoc ngudi Israel 1a Abraham Lenpel va Jacob Ziv, duge xuit ban vao nim
1977. Bdn chdt cita phuong phdp nay la cdc doan trong vin bin dé nén dugc thay thé bdng céc
chi s6' (mang thong tin vé vj 1ri, chiéu dai ciia doan) ma ching dd xudt hién trucc day trong van
bdn dé.

Ho céc thut todn ndy duge goi 13 phuong phép Lempel- Ziv va ky hi¢u 1a nén -LZ. Cic five
van ban sit dung nén - LZ c6 duti .ZIP. Gdn day ching ta thidy ngodi thudt todn nén ma file ¢6
dudi ZIP (Win.ZIP), con xudt hién chudn nén s6 lieu, ma file c6 dusi RAR (Win.RAR)

7.1. Gidi thiéu nén s6 liéu nho ZIP

Nén s¢ lieu nho ZIP, duoe tao ra bdi céc tic gid Jean-loup Gailly, Mark Adler va Richard
Wales. ZIP 12 mot chuong trinh duge phé bign tv do, duge viet bang ngon ngit C chay trén he
diéu hanh Unix va mot vai h¢ diéu hanh khdc. ZIP ¢6 chite nang tuong duong PKZIP, dugce truy
cép rong rai mién phi chay trong hé diéu hanh Windows, duge gia cong boi PKWARE, Inc.
Thuat todn ZIP 1a k§ thuat nén s6 liéu dugc str dung thuong xuyen nhdt di duge tich hop trong
he¢ diéu hanh Windows, Unix, Macintosh v cdc hé diéu hanh khéc.

Thuat todn LZ77 va cdc phuong dn cha né dua trén yé€u t& 1& cdc tir va cdc doan bén trong cua
dong van ban (hodc ciu triic cha anh, trong truong hop GIF), c6 sy 1ap lai theo xdc suat. Khi tim
thay sy lap lai thi tir d6 (hodc doan d6) duge thay th& bing I-'I'IQI doan ma ngan hon. Chuong trinh
nén cin tim ra cdc doan lap lai nhu thé va xdy dung céc doan ma dé thay th& truc ti€p cho cic
doan nay. Trong cic doan ma ti€p theo, sit dung sy 1ap lai dé gia cong céc chudi mdi. Thuét todn
cdn phai xay dung sao cho chuong trinh gidi nén c6 thé Xy dung theo qui tdc dnh nguoc véi ma
hod, d€ c6 thé khoi phuc lai s6 liéu ban dau.

Trude khi xem xét chi tiét thuat todn LZ77, chiing ta hay kho sit mot thi du don gian. G' day
néu ra mot cau khong c6 ¥ nghia, nhung tién cho phan tich nhu sau:

the brown fox jumped over the brown foxy jumping frog,

do dai clia cau 1a 53 octet (53byte) hodc 13 424 bit. Thuat todn gia cong cAu nay tir trdi qua
phai. Méi ki ty khong duge nén dugce gia cong thanh 9 bit nhi phan, bao gém mot bit tieu dé, cé
gid tri 1 va 8bit mad ASCII ciia ki ty. Trong qud trinh thuc hién ti€p theo, thult to4n tim ra chudi
1ap lai. Mi khi bt gap sir 4p lai, thuat todn thye hién dém s6 lugng ki ty, bao nhiéu tuy ¢, trong
chudi 1ap lai va ghi nhan chimg 4y ki ty. Trong thi du nay, chudi lap lai dai nhdt 1d the brown
Jox. Chubi nay dugce thay thé bing chi s6 chi khodng cich dén chudi diing trude va s§ liu vé do
dai cia chudi 1ap lai. Trong trudng hop nay chudi dimg trude cia chudi lap lai the brown fox cé
khodng cdch 26 ki ty (ké ca ky ty tréng) va do dai cla chudi lap lai ¢6 13 ki t. D6i v6i thi du
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nay, s& chon hai phuong 4n dé ma hod: 8bit chi khoang céch va 4bit chi do dai hoac 8bit chi
khodng cdch va 6bit chi d¢ dai; 2bit tiéu dé chi phuong an duge lya chon: gid tri 00 cho phuong
n 1, gia tri 01 cho phuong 4n 2. Nhir vay, chudi lap lai the brown fox duge ma hod thanh dang:
<00,><26,><13,>, hoac 1a 00_00011010_1101.

Phén con lai ciia tin tilc nén duge ké tir chif cdi y, chudi <00,><27,.><5:> duge sir dung dé
thay thé cho chudi lap lai jump, bao gém 5 Ki tu, ké ¢ ki tif tréng & phia trude; chudi tin tifc nén
con lai la ing frog..

Bidu dién phi hgp clia phép nén tin tiic trinh bay trén hinh 2.2. Tin titc sau khi nén bao gbém 35
ki tu 9bit va hai doan mi, cho két qua t6ng 35x9 + 2x14 = 343bit. So sdnh véi 424 bit ban dau,

thi hé s6 nén bing r = 424 =1,24.
343

the brown fox jumped over lthe brown foxv juﬁing frog

ta ‘TL T | T‘

“

the brown fox Jjumped over 0264134 v 0215, ing frog

Hinh 2.2. Thi du sit dung so d6 LZ77.

7.2. Thuit toan nén

Thuat todn nén theo so d6 LZ77 va cdc phuong 4n ca né sir dung hai cita s dém. Cifa s6 dém
trupr san chira dumg duoc N ki tif clia nguén, da gia cong trude d6, va cifa s6 dém dé diéu khién
chon chita dumg duge L ki t ti€p theo (L<N), chiing c4n dugc gia cong ti€p theo (hinh 2.3a).

Thuat todn ¢ ging tim ra chudi hai hodc s6 lugng ki ty nhidu hon WX cita s6 dém dé diéu khién
chon trung 1ap v6i chudi ki ty trong dong clia cia 36 dém tripr sau. Sy triing duge phét hién
bing cich dem chudi ky tir & cira s6 dém dé diéu khién chon so sdnh ldn lugt véi tdt cd cde ky i
cdn nim trong cira s6 dém trugt sau. N&u khong tim thiy su tring 1ap, thi ki ty cudi ciing thudce
cita 56 dém dé diéu khién chon duge chon ra nhu ki ty 9 bit, chinh ki tu ndy duge dat vao cda sé
dém truot sau, cdn chinh ki wr cudi cling & clra s6 nay bi ddy bat ra. Néu sy tring 13p dugc phét
hién, thi trudng<khodng cdch> duge thiét 1ap, réi cic clra 56 tidp tuc ludt qua céc kit tiép theo
dé tim ra chudi tring 1ap c6 do dai 16n nhat, khi phét hién thay két thic chudi k¢ tv triing lap, thi
truong <do dai> va trudng <tiéu dé> duge thigt 14p. Sau dé chudi tring lap duge mi hod thanh
dang ba gia tri: <tiéu dé> < khodng cdch>,< d¢ dai>. Dong gdm K ki ty cu6i ciing & cita 56
dém trugt sau bi ddy bat ra, cdn dong md duge dich vio cita 6 ndy. Trudng <khodng cdch>, khi
duoc chon la 8bit, ciing ¢6 nghia khoang cdch xa nhat ma né ¢6 thé ma hos 14 255 ky wr. Tuy
nhién, khodng cdch thuc xa nhat con phu thudc vao chiéu dii cira trugt sau, tiic N. Trudng <dé
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dai> duge chon t8i wru bing ky vong cia do dai chuéi ky tur 1ap lai clia ngon ngit dang xét. Tuy
nhién, di¢u nay khé thyc hién duge. Bai vay, truong nay dugc chon theo hai phuong dn bing 4 -
cho phuong dn 1, bing 6 - cho phuong 4n 2. Néu chon biang 4 nhu thi du minh hoa, ciing c6
nghia chudi ky 1 tring dai nhdt ma né cé thé ma hod 1a 15. Néu trudng nay duge chon qud dai
clng phat sinh du thira, khi ma ho4 cdc chudi triing 1ap ngén. Do rong L cha clta s6 diéu khién
chon cling can duge chon 15 vu va bing ky vong chia do dai chubi ky tu lap lai clia ngén ngit
dang xét,

O’ thi du minh hoa khoang cdch ngdn nhat tir chudi ky ty dem so sinh dén chuédi ky tv duge so
sdnh 1a 26 (chudi ky tu thit nhat), néu cira 36 dém trugt sau duge chon véi do dai ngin hon 26,
chéng han, N = 25, thi khong c6 chudi ky tv trimg lap nio duoc phét hién. Va nhy vy, néu cira
s6 dem truot sau duge chon v6i dg dai cang dai thi ¢6 thé cang nhiéu ki€u trung lap duoc phat
hi€n, nhimg thai gian ma ho4 s& 1au hon.

Trén hinh 2.3b trinh bay hoat dong ciia so dé nay doi v6i cau vin ban 14y 1am thi du minh hoa.

Tren hinh v& biéu dién cita 56 dém truot sau chia dung dugc 39 ki tu (N = 39), con cita s6 dém
dé diéu khién chon chia duge 13 ki (L =13).
Trong hinh 2.3 biéu dién da gia cong duge 40 ki ty ddu tién, con lai 39 ky tu cudi trong dang
khong nén duge nhin thay trong cifa s6 truot san. Phén con 1ai clia sd li¢u nguén ndm trong cita
$6 dém dé diéu khién chon. Thuat todn nén x4c dinh su 13p lai cha cée ki t ti€p theo, dat 5 ki wr
Wt cita s6 dém dé diéu khién chon vio cita s6 trugt sau v dua ra ma phi hop ciia chudi. Trang
thdi ciia cdc dém sau hoat dong nay duoe trinh bay trong hinh vé dudi.

So d6 LZ77 12 hiéu qua va mo phong tir nhién cia s& liéu duge dua vao. Nhung né ciing cé
nhimg nhuge diém nhat dinh. Thuat todn sir dung cira s6 dém truot sau c6 kich thude gi6i han dé
tim ra sy tring 13p véi van ban sau d6. D6i v6i khoi van ban rat daj khi so sdnh vdi kich thude
ciia ctta s8, thi nhiéu kiéu trimg Lip s& bj bd qua. Kich thusc ciia cifa s6 ¢6 thé ting, nhimg diéu
d6 din dén cdc tra gid sau: 1) tang thdi gian thyc hién cua thudt todn, bdi vi can thiét phai thuc
hi¢n so sénh cdc chudi ky tr trong ciza 56 dém dé diéu khién chon v6i cc chudi k¥ ty cii rong
cita 56 dém triégn sau. 2) tang do dai cia trudmg <khoédng cdch> bdi vi cin thi&t dé chi chudi
trude d6 c6 do dai 16n hon.

Can xdy dung thuat todn c6 khi nang tim ra cdc doan tring ldp giong nhau, di chiing dimg &
bdt ky ché ndo trong van ban (triing 1ap boi), ciing nhu nhiéu dang triing lap khéc.

Thuat todn nén ndo, cang tim ra duge nhidu kicu tring lip (hay néi cdch khdc 13 cang khong
bo sét mot kiéu tring 1ap nio), va tim ra cdch ma héa chiing bang dogn md ngdn nhat c6 thé,

nhung vén di thong tin dé giai nén, thi thuat todn dé c6 1i s6 nén cing cao.
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Chiéu dich
o, ngudn text
L(‘:'qal—b?{ Bém truot sau ; Bem diéu khidn _jnguon
; ; chon |
\

Diu ra

a). Cau triic chung text nén
— - —y ]
lhe brown fox jumped over the brown foxy| jumping frog

; —

ing frdg i
—

})wn fox jumped over the brown foxy jumq

b). C4c thi du

Hinh 2.3. So d6 LZ77.

Néu ching ta dé ¥ dén cdc thuat toin ham bam (Hash function) - xem chuong 4, thi s& thay
chiing 12 cdc thuat todn “nén™ vo dich. Boi vi, ham bam c6 kha nang bién d6i mot bdn tin c6 46
dai bt ky (nhung hitu han), thanh bdn t6m lege c6 do dai chi 128, 160, hoac 256 ky hi¢u. Hon
nita, n6i chung, ban tin nio ¢6 tuong (mg ban 16m luge d6. Bdi vi cde phép bien déi clia ham
bam khong 1am t6n hao thong tin. Tuy nhién, “gidi nén” 1a khong thé, VI thé, cdc ham bam trd
thanh cdc thuat todn “nén” khong thuc t€.

Chiing ta xét mét thi du khdc tr Viét van. Poan van ban sau day dugce trich tir cudn “Chuyén
Pong, chuyén Tay” trang 226 cla tic gia An Chi, do NXB Tré 2006:

“Trudc hét, vé ngit am, khong phdi bao gior yéu 16 vay muon ciing dugc phdt dm 'y chang nhu
tiéng goc, vi mot 1é don gidn 16 n6i chung thi hé thong ngit dm ciia ngdn ngit di vay mugn thuong
khdc véi hé thong ngi¥ dm cua ngon ngit dugc vay muon”

Dé don gian chiing ta dién gidi qué trinh nén ciia doan: “néi chung thi hé thong ngit am cua
ngon ngit di vay muon thuong khdc voi hé thé'ng ngit dm cda ngon ngit duoc vay mwon”. Doan
nay dai 111 k¥ ty, chi€m s& bit (chua nén): 888.

Trong doan van ban nay c6 2 doan triing 1ap:

1. _he théng ngit &m clia ngon ngit d . Poan nay dai 31 ky ty, ké ca ky v tréng & ddu, khoang
cich dén chudi ky ty tring 12 56 ky tr. Doan mid cé dang: 00_<56>_<31> =
00_00111000_11111.

2. _vay mucn. Doan nly dai 9 ky w, ké ca ky tu tréng & ddu, khoang cdch dén chudi ky tu triing
14 58 ky . Doan md c6 dang: 00_<58>_<9> = 00_00111010_01001.

S8 ky e duge nén 40, chi€m sé bit: 2x15 = 30,

S6 k¢ ty khong duge nén 111- 40 = 71, chiém s6 bit: 71x9 = 639,
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Téng s6 bit sau nén: 639 + 30 = 669,

Tisonénla: r = 8;88- =1,327
669

Cac cira s6 nén duge chon, ching han, N = 58, L = 33. Hinh 4nh cira s6 hién thti khi nén doan
thif nhét nhu hinh 2.3.a)

heé théng ngir Am cia ngon ngi di vay mugn thudmg khic véi N=58 }~ - m————

------ hé thong ngir am cita ngon ngir dwoc L=33 {0 _ ________ . _ _ .

Hinh 2.3a). Cifa 56 diéu khién chon hién thoi phat hién doan Ky tu triing
thi nhat,
7.3. Thuit todn giai nén

Giai nén theo so d6 LZ77 thuc hién rdt don gidn. Thuat todn giai nén cin phat luu giir N ki a
cudi cling ciia dau ra phuc hét. Khi bét gap chuéi duge nén, thudt todn giai nén sir dung cic gia
tri clia trudng <khodng cdch> va <do dai>, dé thay thé cdc ma ndy boi dong vin ban thire,

8. MA HOA (NEN) THEO CHIEU DAI LAP LAl

Ma hod (nén) theo chiéu dai lap lai (Run Length Code - RLE) ¢6 thé dat hiéu qua cao khi nén
cdc s d8, birc anh tinh hai mau (den, tring), ma chiing dugc coi 1a tap hop cita cdc duomg thing
(cdc dong), trong d6 c6 cic doan ciing mau. Ma hod (nén) theo chidu dai 1ap lai dugc coi 13 mét
€0 & ciia thuat todn nén anh finh JPEG.

Y tudng clia phuong phdp md hod (nén) theo chiéu dai lap lai nhur sau: thay thé cho viec ma
hod s¢ lieu dac biet, bing viéc ma hod c4c s§ phil hop véi doan d¢ dai, ma & doan dé s6 lieu giit
nguyén khong thay déi.

Gia s chiing ta cdn nén mot manh anh 2 mau (den, trang) ¢6 kich thuéc (8x8) phan tir, nhu
hinh 2.4.

Quét manh 4nh niy theo ddng vi ma hod méi mau bing mot con s§ he 2 phir hop 12 0 va 1.
Két qua nhan duge vécto 6 liéu he 2 nhur sau:

X = (01110000_11110000_00010000_0001000_0001000_00011110_00111 101_11101111).

O day, dé tién theo ddi, vécio X duge phan thanh 8 nhém, tuong /g véi 8 dong. Vécto X dai
64bit. Chia vécto X thanh cdc doan, ma & d6 s6 lieu khong déi, xdc dinh do dai cha chiing bing
cdc s6 hé 10. Két qua nhan dwoc véctoméir=(1,3,4,4,7,1,7, 1,7, 1, 7. 4,3,4,1,4, 1, 4.
Xdc dinh tAn suit cha cdc s6 trong vécta nay duge p(4) = 6/18; p(1) = 6/18; p(7) = 4/18; p(3) =
2/18. Pem mi hod vécta r theo phuong phédp ma khong nhé & muc 3. Két qua ma hod duge trinh
bay trong bang 13.
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Hinh 2.4. Manh anh den tring (8x8) phan tir.
Pé chi ra chubi s6 lieu dem ma hod bt ddu tir O (mau trdng), trong chubi s6 liéu nén ta thém
ti€p ddu ngir 0. Két qua ta dugc:
B(r) = (0101110011010110101101011001110100100), dai 37 bit.

64
Ti s6 nén trong trudng hop nay la: r = 37 =1,73. Tuy nhién, phia giai nén phai hoan toan

biét kich thudc tdm anh (bao nhiéu phén ti).
Bang 13. Bang ma hoa

Do dai doan Tan sudt Tirma
4 6/18 0
1 6/18 10
7 4/18 110
3 2/18 111

Khi nén anh den-tring véi kich thuéc 16n, phuong phép nay c6 thé dat hiéu qua nén cao.

Du6i day trinh bay mot thi du khéc clia viéc sir dung mé hoé theo chiéu dai lap lai, khi ma
trong chudi s6 liéu s& bit gap cic doan véi mot s6 luong 16n cdc gid tri 0. Khi bat gap doan s6
liéu 0, dai bat ky, n6 s& dugc mé hoé bing 2 s6. S6 ddu la 0, déng vai trd 1a co dé chi bit ddu ma
hod d¢ dai dong s6 0, con s6 thi 2- chi s6 lugng s6 0. Néu vé trung binh s6 lugng s6 O trong
doan 16n hon 2, thi thuat todn nay cho hiéu qua nén; con nguoc lai, néu nhiéu doan chi c6 s6 0
don, thi c6 thé dén dén 1am tang kich thude ciia dong 6 ligu.

70



Chuong 2: Céc mé kinh t&

?8540009?51604523L00000|36?008

|
7854039751601 45230536702 8

Con mot phuong phdp khdc d€ nén tin hiéu anh, tin hiéun &m thanh bang phwong phip nén
khong tiéu hao, d6 1a phuong phdp mi hod vi sai.

9. CAC MA VI SAI
Nguyén tdc 1am viéc cla cdc md vi sai dya tréen mot sy kién la d6i v6i nhidu loai s§ lidu, su

khdc nhau giita cdic mau l4n can la khong nhiéu. Chang han, khéng nén ch&s doi sur khic nhau
nhiéu giifa cdc pixel lan c4n cha tdm anh s6.

Sau day, chiing ta xem xét mot thi dy don gién, dé ching 5 vu diém ctia phuong phdp ma vi
sai (bing céch ma hod hi¢u giita cdc méu) khi so sdnh véi ma khong nhé don gidn (gid tri cdc
méu khong phu thuéc 1an nhau).

Béng bidu dién 8bit (256 mifc) chia anh s6, thu duoe & 10 pixel lién ti€p, cé cdc mirc bidu dién
trong h¢ thap phan, nhu sau: 144, 147, 150, 146, 141, 142, 138, 143, 145, 142.

Néu ma hod cdc mic cha cdc pixel ndy bing mi déu, véi méi miic 8bit, ta thu duge chudi s6

liév 80 bit.

Bay gids chiing ta tinh hi¢u gi trj gitfa cdc méu, bt ddu tir mAu thit 2, ta thu duge chudi s6 lieu
mdi tuong g nhir sau:

144, 147, 150, 146, 141, 142, 138, 143, 145, 142,
Y U U U Y |
144, 3, 3, -4, -5, 1, -4, 5, 2, -3
Chubi s6 li¢u ban ddu dé dang duge khoi phuc tiy chudi s6 lieu hiéu, bing cich tinh téng:
144, 144+3, 14743, 150- 4, 146 - 5, 141+1, 142 - 4, 138+5, 14342, 145-3
4 4 ¥ Y J y U U U y
144, 147, 150, 146, 141, 142, 138, 143, 145, 142,

D¢ ma hod chudi s6 liéu hiéu, chiing ta ma hod nhur sau: s6 thit nhat ma hod bing 8 bit, cdc s6
sau ma hod bing 4bit, trong d6 bit ddu chi diu (+ = 1, — = 0), con 3bit sau d€ mi hod gid tri (vi
gid tri cic hidu < 7).

71



Co s6 1y thuyét truyén tin

K&t qua mi hod, cho ching ta chudi s6 ligu ¢6 8 + 9x4 = 44bit, gan nhu ngan bing mot nita,
diéu nay khong thé 6 khi mé hod timg méiu riéng biet. Hé s6 nén trong trudng hop cu thé nay 1a
r=380/44 =2,

Phuong phdp ma vi sai duge sit dung rong rai trong cdc trudng hop, khi ma chubi s6 liéu, mot
cach tif nhién, ¢é cédc gid tri 1an can nhau khong khdc nhau ding ké, con chinh céc gid tri y ¢6
thé 1én bao nhiéu tuy ¥. Thuoc loai cdc chudi s6 liéu nhu the gém c¢6 tin hi¢u am thanh, dac biét
tin hiéu ti¥ng néi sau khi s6 hod; d6i voi tin hiéu hinh anh thi cdc pixel 1an cin phau thong
thudng cé do sdng vi mau sic gdn giéng nhau. Trong khi d6, phuong phdp nay khong ap dung
duge cho céc dang s6 liéu tir ma hoa van ban, hinh vE, hoac bat k¥ s6 liéu ndo, ma cdc gié tri lan

can nhau khong phu thudc lan nhau.

10. CAC PHUONG PHAP NEN CO TIEU HAO THONG TIN

Nhur da nhan xét trudc day, trong thyc tién t6n tai hai he théng nén s6 liéu: hé théng nén s
liéu khong tiéu hao thong tin va hé théng nén s6 ligu c6 tiéu hao thong tin.

Khi nén s6 liéu khong tiéu hao thong tin, thi viéc khoi phuc tin tifc dat dugc do chinh xac tuyét
d6i. Tuy nhién, hiéu qua nén khong cao, hé s6 nén trong cdc trudng hop nay it khi vugt 3 dén 5
(ngoai trir trudng hop khi ma tdn sudt 1ap lai cua céc doan s8 li¢u rat 16n).

D6i v6i cdc ngudn tin tirc dang tuong ty (nhu 4m thanh, hinh anh), cdc phép bién dbi chiing
khong bao gidy dat duge do chinh x4c tuyét d6i. Ching han, thir nhat phép bién d6i tin tic tir
ngudén nguyén thuy thanh tin hiéu dién, do di dong, dai thong tan clia cdc thiét bi dinh dang déu
bi han ché&, nén phép bign déi nay khong hoan chinh. Thit hai, ti€p dén phép ma hod nén, trong
d6 c6 qué trinh 14y miu, chinh qu4 trinh nay da dua entropy ciia nguén tit vo citng vé gid tri hitu
han, qué trinh lugng tir hod béan chat 1a qud tinh 1am x4p xi. Vi vAy, phép ma hod nén la phép
bi&n d6i ¢6 tieu hao thong tin. Thit ba, qud trinh truyén tin trén kénh luon ludn tén tai cde logi
nhiéu khdc nhau, ching 1am mat mat mot phén thong tin cla tin titc truyén. Thi tu, cdc thiét b
thu va cdc thiét khoi phuc déu 13 cdc thi€t bi khong bao gitr hoan chinh. Cu6i cling, sy cam nhan
cha fai, ciia mdt con ngudi cing bi han ché, luon luén c6 ngudng vé 4m lugng, am sic, vé mau
sic. V1 tat cd cde 1§ do nhu vay, ching ta khong mong dgi céc phép bién dbi 12 hoan chinh va
viéc khoi phuc tin tic dang tuong tu 1a chinh xdc tuyeét doi.

He thong nén c6 tiéu hao thong tin cho hé s6 nén doi khi 16n gip hang chuc ldn so vdi he
thdng nén khong tiéu hao.

Phdn 16n cdc phuong phap nén s6 liéu c6 tieu hao déu dua trén vige mi hod khong phdi chinh
s6 litu, ma 13 s6 lieu tir phép bién ddi tuyén tinh nao d6 cha ching. Ching han, cdc h¢ s6 cha
phép bién ddi Fourier rdi rac (Discrete Fourier Transformation = DFT), cdc h¢ s0 cia phép bién

déi cosine rdi rac (Discrete Cosine Transformation = DCT), bién déi Khapa, Yolsa ...
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D¢ hiéu duge vi sao trong k¥ thuat nén cé tien hao thong tin lai sir dung phép bién déi khong
phai 1a chinh s& liéu, ma 1a phép bién déi cc he s6 cia phép bién déi wyén tinh nao d6 cha s6
liéu va tinh hiéu qua cao clia né, chiing ta nghién ctru chuin nén anh den tring JPEG (Joint

Photographers Experts Group).

11. THUAT TOAN NEN ANH TiNH JPEG
Thuat toan phd théng nén anh tinh JPEG cé thé didn ta ddy di nguyén 1y nén c6 tieu hao thong

tin trén cg sG chia ma hod bign déi.

Y tréng co ban ciia ma hod bien déi c6 thé dién giai don gidn nhu sau: gia thir ching ta cén xir
1y mét tin hiéu s&, duge biéu dién bing cdc miu cia chiing. Néu bo di & méi méu mét nira loat
nhi phan (chéng han, 4 loat tir miu 8 loat), thi dung lugng nén gidm di mot nira, nhung ciing mat
di mot nira lugng thong tin.

Néu bién ddi tin hiéu nhd DFT (hodc mot phép bién d6i tuyén tinh nio dé), két qua ta dugc
cdc méu ca tin hiéu trong mién tdn s6, 16i chia bidu dién cha tin hiéu nay ra hai thanh phin-
thap tdn (LF) va cao tdn (HF). Luong tir hod méi miu, réi bd di mét nira loat nhi phan chi cha
cdc miu HF. K€t qui dung lugng nén gidm di mot phén ba, con lugng théng tin bi mat chi 5%.
Didu nay dugc giai thich nhu sau: cdc thanh phén thap tdn clta phdn 16n céc tin hieu déu chita
phin 16n nang luong va mang s6 luong 16n thong tin cua chiing, con nguoc ki, cdc thanh phdn
HF chi chita mot phdn nho nang huong va mang mot phdn nhé thong tin cla chiing (Xem chuong
5). Thugc loai cdc tin hi¢u nhu thé ndy 12 tin hiéu am thanh, tin hiéu hinh anh.

Chiing ta nghién citu thuat todn nén JPEG véi anh den-trang, mdi phdn tir (pixel) ctia né cé
muc phan gidi d¢ sdng 13 256 mifc, titc 14 mdi phédn tir bi€u dién bang loat 8bit nhi phan, hay
Ibyte. DO sdng cyc dai clra anh 13 255, trong duong véi mau tring, do sang cuc tidu cia 4nk 1a
0, twong duong v6i miu den. Cic mau trung gian, chiém gid trj tir 1 dén 254, nhy biéu dién trén
hinh 2.5,
11.1.Buéc 1. Chia tdm anh thanh céc 6 vuéng c6 Kich thuée 8x8

Lam vi¢c cha thuat todn nén JPEG duge bit ddu v6i viec chia tdm anh thinh cdc & vudng cé
kich thuGc 8x8 = 64 pixel (méi pixel ]a mot hinh vuéng, c6 canh bing d¢ rong clia dong quét).
Chuing ta chon nhu vay, vi néu chon kich thuéc 6 vudng nho thi hi¢u qua nén s& khong 1én (néu
kich thudc 6 1a 1x1, khong c6 hiéu qua nén); con n€u chon kich thudc 6 qué 16n, thi trong mdi 6
mau sic thay déi qu4 on, hieu qua nén ciing kém.

Tren hinh 2.5. biéu dién cic gid tri d6 sdng ciia 3 6 & cic vi trf khdc nhau ca tAm &nh, do sing
mdi pixel duge biéu dién bing céc s6 trong he 10. Mbi 6 14 mot ma tran gém 8x8 = 64 phdn tir.
Sau nay, moi 6 s& dugc gia cong va ma hod khong phu thuéc l4n nhau.
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Hinh 2.5. Phan tim anh thanh cac 6 vuong (8 x 8) pixel, dugc biéu dién bing céc so hé 10.
11.2. Buéc 2. Bién ddi cosine roi rac

Budce thif 2 ciia thuat todn nén 12 d4p dung v6i mdi 6 phép bién déi DCT. Dé thuc nghiém nén
anh, nguoi ta di thir nghiém véi nhiéu phép bién déi khdc nhau, chéng han, bién déi Karhunen-
Loéve, cho h¢ s6 nén cao, nhung rét khé thuc hién trong thuc t&; bién déi DFT thyc hién don
gian, nhung hiéu qua nén khong cao. Cudi ciing chon bién ddi cosine rdi rac- DCT. Khic véi céc
bién déi khdc, DCT chi sir dung ham thuc, v6i mdi thanh phén cosine. Cling nhu moi phép bién
déi khic, DCT cho phép bién déi biéu dién diém anh theo khong gian 2 chiéu vé cudng do séng,
ky hiéu x(i, j), thanh biéu dién diém &nh theo khong gian 2 chiéu vé phd tin s6, ky hiéu X(u, v)
va ngugc lai.

DCT thuan dugc biéu dién bing thuat todn sau:

NIV (21+1)xu

Xu,v)=— C(u) L. Y x(, j) x cos(-———

i=l j=1

2j+Dzny

).cos( ) (24

1 .
& day N = 8, cdon hé s6 C(u), C(v) =—= néu u, v =0, ngoai ra ldy bang 1.

V2

Nhu vay, két qua 4p dung DCT d6i v6i 6 anh kich thudc (8x8) pixel, nhan dugc phé tdn s6 hai
chiéu ciing véi kich thudc (8x 8) mau. N6i mot cach khdc, tir 64 s6 biéu dién cdc méu do séng
clia pixel, bién déi thanh 64 s6 biéu dién cdc mau cua phd tdn s6 DCT.

Psi véi DCT kich ¢& (8x 8), ngudi ta goi cdc thanh phidn ham cosine la ham co s& duge xdc
dinh theo cong thic:
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B(i, )y = COS[LZI—-;-gﬂ:' X cos{(z—J-{gﬂJ (2.5)

trong cong thifc ndy cap (u,v) déng vai trd tham bién, véi 0 < (u, v) £ 7; cip bién s6 (i, j) lay cdc
gid tri nguyen trong khoang 0 < (i, jy < 7. Ung v6i méi gid tri ciia ¢dp (v,v), ham co sd B(, j) xdc
dinh dugc it cd (8x8) = 64 gid tri. Ching han, voi cdp (uv) = (64), Bfij) =

cos(Zi 137 (2j+1)
8 4

)x cos( & ). B(i,j) 1ao thanh ma tr4n [B] vA né c6 dang:
2706 6533 6533 -2706 -2706 6533 -,6533 2706 ]
~2706 6533 6533 2706 2706 —,6533 ,6533 —2706
—2706 6533 -6533 2706 2706 -,6533 6533 -.2706
15] 2706 —,6533 6533 2706 -2706 6533 —6533 2706
2706 —6533 6533 2706 -2706 6533 —6533 2706
—2706 6533 6533 2706 2706 —6533 6533 -2706
2706 6533 —6533 2706 2706 -6533 6533 -2706
| 2706 —,6533 6533 -2706 -2706 ,6533 —6533 ,2706 |

|

Tren hinh 2.6 trinh dién hinh anh 2 chiéu clia 6 ham co s& g v6i 6 cap gid tri (u,v) khdc
nhau. Chéng han, hinh dnh & gitta bén phai, ting v ma tran [B] vira xdc dinh & tren.

Thanh phan mgt chiéu phi hgp v6i toa d6 (0,0) duge biéu didn & dinh trii wen ciing clia hinh
V€, con ham co s& 1dn 36" cao nhdt phit hop véi t0a d6 (7,7) dugc biéu dién & dinh phai dudi
ciing. HAm co s& d6i v6i toa d6 (0,1) 12 ham cosine theo toa do j va hiing s6 theo toa do i; con
him co s& vdi toa d6 (1,0) ciing nhu trén, nhung quay di 90°, iic 14 ham cosine theo toa do i va
hing s6 theo toa do j.

Keét qui, ching han, phé DCT v6i chi s6 (u.v) = (0, 0) don gidn 12 trung binh cia téng tat ca
cdc phdn tir chia 0 anh, va 13 thanh phin mér chiéu . Thanh phén véi chi 56 (1, 0) bidu dién trung
binh d6 sdng cia tat ci c4c 6 anh theo chiéu ngang, con theo chiéu ding trong s6 lon nhét duge
trao cho phén tir (0, 1) v.v.. C6 thé nhan thdy ring khi (u.v) cang Ién (vé phia dudi, phai) clia phé
DCT, cang biéu dién thanh phdn cao tdn clia phé.
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Bang 14a): Gia tri cuong do choéi Y trong bicu dién hé s6 10 tir 0 dén 255

52 55 61 66 TO 61 64 73]
63 59 55 90 109 85 69 72
62 59 63 113 144 104 66 73
63 58 71 122 154 106 70 69
67 61 63 104 126 38 63 70
79 65 60 T0 77T 68 53 75
3% 71 64 59 55 61 65 83
|37 79 69 63 65 T6 78 04

Gia tri cudng d¢ chéi Y bidu didn ban dau, chang han, trong dang hé s& 10 tir 0 dén 255 (8bit
cho mot pixel), nhu bang 14a), cdn chuyén sang biéu dién tir -128 dén +127, dé phir hop véi bién

d6 cia cdc thanh phdn mau, ma chiing ta xét sau nay (xem muc 11.8). Nhu vay, méi phdn it clia
bing 14a) cdn trir di 128, két qua cho bang 14b).
Béng 14b): Gia tri cuémg do chéi Y trong biéu dién hé s6 10 tir -128+127

[~T6 —73 —67 —62 —58 —67 —64 —55
~65 —69 -73 -38 —190 -43 —59 _5g
—66 -69 —-60 -15 16 —-24 —62 -55
—65 ~70 —-57 -6 26 -22 -53 —59
—-61 —67 —60 —24 -2 —40 —60 -—53
—49 —-63 —68 -53 —51 —60 —7G -53
—43 ~57 —64 —69 -73 —67 —63 —45

—41 —-49 -59 —60 —-63 -52 —50 34

Bang 14c). Két qua DCT - goi 1a phé DCT
—415 —-30 —61 27 56 —20 -2 0]
4 -22 —61 10 13 -7 -9 5
. 7O-25 =29 10 5 —6
—49 12 34 -15 —-10 6 2 2
12 ~7 -13 -4 -2 2 -3 3
-3 3 2 -6 =2 1 4 2
-1 0 0 -2 -1 -3 4 -
0 0 -1 -4 -1 0 1 2]

Chiing ta ¢6 mot nhan xét quan trong 12 phd DCT nhan duoc ¢6 cdc gid trj 16m nhat (twvong img

v6i thanh phdn t4n s6 thdp) thude dinh bén tréi coa bang 14c). Chiing chita phén 16m nang luong
cia tin hi¢u. Hon nita, thinh phdn clia phé DCT img véi toa do (u, v) = (0, 0), ¢6 gid tri I6n nhat
trong bang, 14 thanh phin mot chiéu (DC-Direct Current). Céc phép bi€n d6i sau ndy, cdn phai
bao dam sy chinh x4c cao d6i v6i thanh phdn mot chiéu. B4t ky su sai sét nao trong quéd trinh
bién ddi dsi véi thanh phin mot chiéu déu lam giam chit luong anh khei phuc. Vi thanh phédn
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mot chiéu phin anh cudng do sdng trung binh ca 6 anh. Ngoai thanh phan mot chiéu, ¢ic thanh
phdn khdc goi 12 thanh phdn xoay chiéu (AC- Alternating Current) clia phd DCT. Céc thanh
phan thudc dinh phai duéi ciing (twong tng véi thanh phin tén s6 cao nhat) ¢6 gia tri tvong d6i
nho.
11.3. Buée 3. Luong tif hoa

Budc 1i€p theo cla thuat toan JPEG la Juong tir hod. Tir bang 14¢} la ké&t qua nhan duge sau
DCT, chiing ta nhan thay qué nira bang, phan phd cao tin, c6 gid tri O hodc ¢6 gid tri rat nho chi
1 hoiic 2. Cac phé cao tin ndy, trong qud trinh xir 1y ti€p theo ¢6 thé bo di, hoac it nhit duge lam
tron dén gid tri nguyén nho.

Budc luong ti thye hién chia cdc hé s6 clia phé DCT cho cdc s6 trong bang cic mic luong tu,
bang 15a), phu hop theo:

X, (u, v) = gid tri nguyén clia lam trdn {

X(u,v))
q(u,v)

trong d6: X(u.v) - gid trj phé DCT cho & bang 14¢). X, (,v) - két qui luong tir hod, nhu bing

15b). g{t,v)- s6 mite hugng tlr hod, mot thi du trinh bay trong bang 15a).

?0-0:_‘ 1|
10
01 (1 |1
2|12 |2
3133

Hinh 2.7 . Phan
viing lugng tir.

N&u cdc s6 trong bang 15a) cang 16n, nghia 12 s6 myc lugng 1r 16m, thi ket qua clia phép chia,
sau khi di 1am tron, cang c6 nhiéu gid trj O, ciing tic 12 nén cang manh va mifc tiéu hao cang
thay r&. Hon nita, bang 15a) la bang mifc lugng tir cha cudng do chéi Y. Ching dugce xdc dinh fir
thuc nghiém, trén co s& phan ving lugng tir, nhu hinh 2.7). C6 bon ving luong tlr, ddnh sd tir 0
dén 3. Theo thit ty viing, d6 chinh xdc lugng tir giam din. Ngudi ta su dung QNOx dé ky hiéu
cho cdc bang khic nhau mitc luong t&r. Theo gid tri tang dén clia x (x = 1, 2, 3,...), gid tri muc
lwong tir trong cdc ving khéc nhau tang dén, so v6i cdc gid tri mic lugng tir dau tien, cing cé
nghia 1a cac hé s6 DCT giam ddn. Ching han, QNO4 c6 c4u triic 0: 2: 2: 4, nghia 12 h¢ 56 DCT o]
ving O giif nguyén, con viing 2 va 3 chia cho 2, con ving 3 chia cho 4. Phia nén sir dung QNOx
ndo, cén truyén cho phia giai nén biét, dé sir dung thich hop.
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RO rang, viéc lya chon g1d tri cdc 56 trong bang miic luong 1t s& phy thude ding ké vao hé s¢
nén- s6 luong cac gid tri O (sau lam tron) trong phé luong tir hod, cling nhu chit luong bic ank
sau khoi phue. Day [a bude duy nhét cGa thuét todn 1am tiéu hao thoéng tin.

Béng 15a): Thi du bang mitc lugng tir hoa cuong dé choi Y

[16 11 10 16 24 40 51 617
12 12 14 19 26 58 60 55
14 13 16 24 40 57 69 56
14 17 22 29 51 387 80 62
13 22 37 56 638 109 103 77
24 35 55 64 81 104 113 99
49 64 783 37 103 121 120 101
(72 92 95 93 112 100 103 99

Nhu vay, két qua lam tron phé DCT sau luong tir ho# s& nhan mtc do méo it hoic nhidu phd

-

DCT, ciing nhu biic anh sau khoi phuc.
Bang 15b): Két qua hrong tir phé DCT

[-26 -3 -6 2 2 -1 00
0 -2 =4 1 1 0 00
3 1 5 -1 -1 0 00
-4 1 2 -1 0 0 0o
1 0 0 0 0 0 00
0 0 0 0 0 0 00
0 0 0 0 0 0 00
[0 0 0 0 0 0 00

Ching han: -26 = -415/16 = -25,9 — 1am tron bing -26. goi 1a hé s6 mot chiéu (DC), cdc s6
hang con lai goi Ia cdc he s& xoay chiéu (AC)
11.4. Buéc 4. Quét zich-zdc

Budc tiép theo clia thuit todn JPEG 1a bién ddi ma tran 8x8 cta phd DCT sau luong tir hod
thanh chudi néi tiép. Nhung phii lam sao cho ¢6 thé nhém duge cdc s6 c6 gid trj 16n thanh mot
rhém, ti€p theo 12 nhém cla céc s6 0 & phé DCT sau lugng tir hod. Thi tuc nay goi la quét zich
zde nhu hinh 2.8,

Két qua ciia qud trinh quét zich zdc nay s& bi€n doi ma tran 8 x 8 clia phé DCT sau Iurong tir
hod thanh chudi néi ti€p gém 64 s, trong d6 phdn 16n 1a s6 0. V6i mot chudi nhu vay, cé thé
nén hiéu qui bing ma hod theo chidu dai lap lai (RLE).

Trong thi du nay, két qua quét zich zdc, nhan duge chudi nhu bang 15¢).
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Hinh 2.8. Thii tuc quét zich zdc.
Bang 15¢). Chudi s6 licu nhan dugc sau bude quét zich-zic.

—26,

-3,0,

-3,-2, 6,
2,-4,1,-4,

1, 1,5 1,2,
-,1,-1,2,0,0,
0,0,0,-1,-1,0,0,
0,0,0,0,0,0,0,0,
0,0,0,0,0,0,0,
0,0,0,0,0,0,
0,0,0,0,0,
0,0,0,0,

0,0,0,

0,0,

0

11.5. Budc 5. Ma héa theo chiéu dai 1ap lai

Budc thit 5 cha thuat todn JPEG 12 ma hod chudi nhan duge theo ma chieu ddai ldp lgi - RLE,
dé giam nho chudi s6 0. Liic nay, chudi s6 li¢u trong bang 15¢) dugc don giin bing tir ma EOB
(End Off Block) d€ chi chudi 38 s6 0 & cudi, nhu bang 16a). Sau d6, mi RLE thyc hién ma hda
cdc s6 litu trong dang <chiéu dai chudi 0, gid tri>, goi 1a mot 1y md RLE.
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Chéng han, sau he s6 DC bang -26, tiép dén he 56 AC bing -3. vi khéng ¢6 50 O ndo phia
trude. nén tir md RLE c6 dang <0,-3>, tiép dén he s6 AC bang -3 c6 mot 6 O phia trudc, nén tir

ma RLE ¢6 dang <1,-3>. K&t qué thu dugc nhu bang 16b).

11.6. Bude 6. Ma héa entropy
Budc cudi cliing cha thuat toin JPEG 1a thyc hién ma hod cdc tirma RLE nhan duge & budc 5,
¢6 dang <chiéu dai chudi 0, gia tri>, bang mot mi kinh & di biét nio 44, ching han ma

Huffman hoic mi s6 hoc. Ching ta xét qud trinh sir dung ma Huffman.

Trong budc nay, dé ma héa méi tir ma RLE & trén, 20m hai doan ma:
<chi¢u dai chudi s6 0> va <gid tri>. Dé ma héa <chiéu dai chudi s 0> can sir dung hai bang tim
ki€m (bang 17a.b)), dé tim tr ma Huffiman tuong ting v&i <chién dai chudi 0>. Bang 17b) xay
dung theo nguyén tac ma 1iét kiem. DE xdc dinh cic t&r ma Huffman nay, ngudi ta phai mo
phong v6i vé s6 cdc 6 anh véi dic tinh phén b& d6 sdng khdc nhau, dé tim ra thong ké <chiéu dai
chudi 0> va xdc dinh tdn suit cia chiing,

Bang 17a). Phan loai khoang gi tri cdc hé s6 AC (trich)

Phan loai Khoang gia tri
1 -1 1

2 -3-2 2.3

3 -1,-6,-5,-4 4,5,6,7

4 -15,...-8 8., 15

5 -31,...,-16 16, ..., 31
6 -63,...,-32 32,...,63
7 -127,....-64 64,...,127
8 -255,...,-128 128.....255

Céc tir md Huffman cho cdc hé s6 DC khic nhau, cing duge xdc dinh tir bang tim ki€m, nhu
bang 17¢).

Cée <gid tri> duge md héa tryc tiép, tic 1a cdc gid tri duong h¢ s6 10 ma héa theo hé 58 2 true
ti€p. Chang han, (1),,—> (1);, (2),5=> (10);, (3) 0= (11),....

D¢ ma hoa cdc gia tri am, ngudi ta thuc hién béng cich them ky hiéu 0 trude chudi mi cla gia
tri. Con chinh “gia tri” da bo di ddu am, duogc ma héa nhu gid trj duong & tren. Chéng han:

(-1} 10— (01),. Tuong ts nhu vay, (-2),,— (U10),, (- 4),5—> (0100),,...
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Bang 17b). Cac tir ma Huffman cua cac hé s6 AC (trich)

Chiéu dai chuéi 56 0 Phan loai b6 dai tir ma Tirma
Q 1 2 00
0 2 2 0l
0 3 3 100
0 4 4 1011
0 5 5 11010
0 6 6 111000
0 7 7 1111000
1 1 4 1100
1 2 6 111001
1 3 7 1111001
i 4 9 111110110
2 1 5 11011
2 ] 11111000
3 1 111011}
3 2 9 111110111
4 1 6 111010
5 1 7 1111010
6 1 7 1111001
7 1 8 11111001

Bay gio, chiing ta xét thi du qud trinh ma héa céc tir ma RLE & bang 16b).

Trude hét 1a he s6 DC bing - 26. Tir bang 17¢), chiing ta xdc dinh dugc h¢ s6 nay duge phan

loai 5, v6i tir ma Huffman tuong tmg 1110, cdn <gid tri> duge ma héa bang 011010. Két qui 6

doan ma 1110_011010.

Ti€p dén tir md RLE < 0,-3>. Tir bang 17a), chiing ta xdc dinh dugc hé s6 niy dugc phan loai
2, chidu dai chudi s6 0 dimg trude 14 O, cho nén tir bang 17b) xdc dinh duge tir md Huffman
twong tmg 1a 01, cdn <gid tri> duge ma hda bling 011. Két qua c6 doan mé 01_011.
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Bang 17¢). CAc tir ma Huffinan cho cac hé s6 DC

Khodng gid tri cdc hé s6 DC Phan loai Tl ma cho tin hiéu Y
0 0 100
-b ] l 00
-3-2 2,3 2 01
-4,-7 4,7 3 101
-8.-15 8,15 4 110
-16,-31 {6, 31 5 L1110
-32,-63 32,63 6 11110
-64,-127 64, 127 7 111110
-128,-255 128,255 8 111110

Tiép dén, ching han, tir ma RLE < 1,-3 >. Tir bang 17a), ching ta xdc dinh dugc hé s6 nay

duge phan loai 2, chiéu dai chudi s6 0 dimg trude 13 1, cho nén tir bang 17b) xdc dinh duoc tir

ma Huffman twong ing 1a 111001, con <gid tri> duoc ma hoa bing 011, Keét qua ¢é doan mi

111001_011.

Tiép dén, ching han, tir ma RLE < 5.-1 >. Tir bang 17a), ching 1a xdc dinh dugc hé s6 nay

duoc phan loai 1, chiéu dai chudi s O dimg trudc 12 5, cho nén tir bang 17b) x4c dinh dugce tix

ma Huffman tuwong fng 1111010, con <gid tri> dude ma héa bang 0. Két qua c6 doan ma

1111010_0.

Bang 16): Don gidn khéi sé lien bang tir ma EOB a), két qua ma héa theo RLE b) va két

qua mi héa theo Huffman c).

a) b) Céc tir ma RLE

= <-26> <0,-3> <1,-3> <0,-2> <0,-6> <0,2> <0,-4>
SR <0,1> <0,-4> <0,1> <0,1> <0.5> <0.1> <0.2>
AR <0,-1> <0,1> <0,-1> <0,2> <5,-1> <0,-1> EOB

-1, 1,-1,2, 0,0,

0,0,0,-1,-1, EOB o o
¢) Chudi ma nhan duge sau ma héa Huffman

1110_011010, 01_011, 111001_011,01_01,100 _0110, 01_1,100_010

00_1,100_010, 00_1,00_1, 100_101,00_1, 01_10,00_0,00_1,00 0,

01_10, 1111010_0,00 0, 1010
Tir ma EOB duge ma hda bang tir ma ngén nhat 1010,
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K&t qua nhan ducc chudi s liéu, nhu bang 16¢), ¢6 kich thude giam hon nhiéu so véi kich
thudc chudi s& liéu ban dau. Trong thi du ndy, chudi s liéu sau nén dai 100bit, con chubi s6 ligu
trude nén la: 8x8x8 = 512bit. Nhu vay, hé s8 nén r = 512/100 = 5,12,

Chiing ta ciing ¢6 thé hdi vi sao phii xay dung cdc mé phic tap nhu vay? Cau tra 1oi 1a dé
chudi md nhén dige ngdn nhat v cdc tir md RLE ¢6 tinh Prefix, bdo ddm cho khd ning giai md
6 tinh phdn rdch va don tri.

Haj budc cu6i ciing cia thuit toan JPEG thuong duoe goi bude nén thit hai, ¢ day thuc hién
bing md kinh t€ khong gay tiéu hao thong tin, véi sy tinh todn vé dac trung cdu tric s6 lidu dé
thyc hién giam dung lugng cha nd. Cac bang tra cu- bang 17, cdn luu gilr & ca hai phia- phia
nén va phia giai nén.

11.7. Giai nén theo thuat toan JPEG dién ra theo trinh tu nguoc, véi cdc thuat todn nguge
tuong (mg.

Bang 18a): Khoi phuc két qua luong tir héa pho DCT

'

26 -3 -6 2 2 -1 00
o -2 -4 1 1 0 00
-3 1 5 -1 -1 0 00
-4 1 2 -1 ¢ 0 00
1 ¢ o0 o0 0 0 00O
0 0 0O o0 O O 0O
o ¢ 0 O 0 0 06O

| o o 0 0 o0 ©O 0O 0]

Sau khi md s6 lieu nén 14n 2 theo thudtt todn gidi mé clia ma thong ke tuong img (chang han,
gidi ma theo Huffman, RLE), réi x€p dat chudi s6 li¢u n&i tiép vao khéi kich thudc 8x8 theo thu
tuc quét zich zic, nhu bang18a.

Giai luong 1r hod cdc 56 ndy (bangi8a), nhd luu gilt bang mitc luong tlr hod, bing cdch nhan
tuong ng véi cdc s6 cha bang. K&t qua nhén ducc bang 64 s& liéu sau giai luong tir hod, nhy
bang18b).

Thidy: -416=-26x16.

Thyc hién bién déi cosine 13 rac nguge (DCT') v6i cde s6 ligu trong bing 18b), thu duge cde
s6 lieu gdn vai ban ddu nhat - bang 18c).
Bang 18b): Giai luong tir héa

416 -33 —60 32 48 —40 0 O]
0 -24 -5 19 26 0 0 9
—42 13 80 -24 —40 0 0 0
56 17 44 -29 0 0 0 0
13 0 ©0 0 0 0 00
0 0 0 0 0 0 00O
0 o 0 © 0 0 00

0 0o 0 0 0 0 0 0
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Bang 18¢): Két qua DCT nguoe

(63 ~65 -73 70 —53 —67 =70 —d48
-70 -72 -T2 —45 =20 —40 65 —hT
-63 =76 -66 —-15 22 -12 -h3 61
-62 =72 60 -6 23 -12 59 -5
-5 -66 —63 -28 -8 42 -69 K2
—60 —60 —67 —60 ~H0 -G8 -75 ~5D
-5 —16 —61 -T4 —65 -64 —63 -45
-45 -32 =51 -72 K3 —45 —15 -39

Pem cic phan tir rong bang 18c), céng véi 128, duge két qua nhu bang 18d). Dem so sanh két

qua giai nén cita thudt todn JPEG v6i cac $6 ligu ban ddu trude khi nén (bing 14a)), dé chiing ta
thdy duge mifc do méo it nhiéu,
Chang han, v&i toa do (1,)) = (0,0) tir bang 14a) cé Y, = 52, cdn tir bang 18d ¢6 Yo sau khoi
phuc bang 60. Nhu vay, léch gitta hai gid tri 1a 8. Tuong tu cho cac gid trj khic.

Bang 18d): Két qua khoi phuc sé liéu, sau gidi nén
(60 63 55 53 70 61 53 380]
58 56 56 83 103 33 63 71
60 52 62 113 150 116 70 67
66 56 68 122 156 116 69 72
69 62 G5 100 120 36 59 76
63 63 61 63 78 60 53 78
74 82 67 54 63 64 65 33
33 96 77 56 70 33 33 89,

R& rang cédc s6 lieu khoi phuc khong khdc nhiéu so vdi cde s6 ligu ban ddu trude khi nén.

Thu4t todn JPEG la thuat todn nén ¢é tiéu hao. Tuy theo hé s6 nén khdc nhau ma mic do tiéu
hao khdc nhau.
Trén hinh 2.9. trinh bay theo trinh tur bitc dnh ban ddu (bén trdi), bic anh duge nén véi hé s6
nén bing 10 (O gifra) va bitc anh duge nén vai ti s6 r = 45 (phai cung).
Nhuir vay, cdc bude cua thuat todn nén JPEG nhu sau:
1.Chia bitc anh thanh cdc & ¢6 kich thudc (8x8) pixel.
2. V&i mdi o sir dung DCT.
3. Lam trdn cdc s@ cia phd DCT theo bang mic lugng tir hod cho trude.
4. Bién d6i ma tran ciia cdc hé s6 dugc 1am tron thanh chudi s lieu ndi tép (quét zich zéc).
5. Ma hod chubi s6 li¢u n6i tigp bing ma do dai 1ap lai, dé gidm nhd chudi s6 0, thu dirge cdc ti
ma RLE.

6. Mi hod chudi 56 liéu nhan duge & bude 5 bing ma Kinh € Huffman, nh cdc bang tim kiém.
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Hinh 2.9. So sanh cac birc anh

Giai ma cung timg ay budc, nhung theo trinh tu ngugce vai cac todn tir ngugc.
Thuat todn nén JPEG c¢6 cic uu diém sau:

e (6 kha nang nén trong dai rong (tir 2 dén 200),

e (C6 thé lam viéc v6i anh ¢6 do phan giai bat ky.

e Thuat todn nén va giai nén déi ximg nhau.

Tuy nhién, thuat todn nén JPEG ciing c¢6 cdc nhuoc diém: c6 thé xudt hién cic quing sdng &
céc vi trf ¢6 thay d6i mau manh- goi 1 hiéu tng Gibbs, ciing c6 thé bi phéan rd anh thanh céc 6
(8x8) khi hé s6 nén cao.

11.8. Cac budc thuat toan nén anh mau JPEG
Thuat todn nén anh mau JPEG gbém 6 budc nhu hinh 2.10a).

g: Tién xirly (= DCT |-» “U918 || RIE -l Huffman
— tir h6a [
A i
Béng muic Bang ma
luong tir Hufman

Hinh 2.10 a). Cac buée nén anh mau cua thuat toan JPEG

1.Budc tién xu ly: Gém hai qud trinh:
v Bién déi khong gian mau RGB thanh khong gian mau YUV hay YCbCr, theo thuat ton:

Y 0,299 0587 0114 R
Cbi=l 05 -04187 -0,0813|x|G
Cr| |0168 -03313 05 B
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Tir thuat todn trén, chiing ta xdc dinh duoc:
- Tin hiéu do chéi Y: Y =0,299R +0,587G +0,144B
- Tin higu hitu mau Cb:  Ch=0,5R -0,14187G - 0,0813B
- Tip hiéu hieu mau Cr:  Cr =0,168R - 0,3313G + 0,58

Céc tin hi¢u hieu mau c6 bien do am cyc dai -128 trong hé thong sir dung 8bit bidu dién gia 1rj
cac pixel, trong khi dé tin hiéu do chét Y c6 bien do tir 0 d&n 255. Do dé6. dé don gian cho bd
DCT, tin hig¢u do chéi Y cin dich mic xuéng - 128, tic 13 gid tri mdi phan tif can trir di 128. Két

qua, do chéi Y ¢6 miic bién do rong khoang (-128 <127).

Ol 1145|014 (5|01 ]{|4|8]|]|5]9

2 | 3 203016l 7]12]3)6l10]]7]0

a) 4:2:0(4:1:1) b) 4:2:2 c)4:4:4
Cau tao clia Macro block theo céc
tiéu chudn mau

Hinh 2.10b) Cau tae cia Macro block theo cic tiéu chuidn mau khace nhau

¥ Chia bdc anh thanh cdc khéi kich thude (16x16) pixel, goi la Macro block - MB. Mdi MB
£6m 4 block cdc mdu tin hiéu chéi Y va hoic 2, hodc 4, hoic 8 block céc miu tin hieu hiéu mau-
CrCh. 56 cdc khdi cha tin hiéu hiéu mau phu thude vao tieu chugn mau trong nén video,

M&bi kh6i (8x8) pixel dugce 18y tir MB clia mot anh theo chiéu tir trdi qua phai, tir trén xudng
dudi. Sau nay ching dugc nén doc 1ap nhau. Nhur vay, anh phai cé kich thude 1a boi s6 ciia MB.
Goi 1a bucc rién xa 15,

V& budc rién xit Iy, chiing ta c6 thé néi déi didu nhu sau:

- Do chéi (Luminance), ky hiéu Y, 1a mét thue thé khéch quan do cudmg do séng quyét dinh va
c6 thé do dugc. Mat ngudi cam nhan vé do chéi theo nghia sang nhiéu hay sdng it va nhay cim
vé su thay ddi cudng do sang. Van dé cdm nhan duge mau sic phu thude vao cic y&u 16 ciu tao
cia mat ngudi. So v6i do chéi, mat ngudi it nhay cdm hon véi su thay déi ctia mau sic. Vi vay,
cdc ky thuat nén anh mau cin chi ¥ d&n s bao toan do chéi nhiéu hon dén sy bao toan mau

sic,
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2. Buvc 2. Bién doi cosine roi rac - DCT. D xudt hién mét vai tiéu chuian JPEG s dung bién déi
Wavelet rdi rac thay cho DCT.

3. Buoe 3. Lugng tir hod

Xq(u, v) = gijd tri nguyén cta lam tron (

qlu,v]

trong qfu,v] s& mitc hugng 1 hod & toa d6 (u,v). gu, v] tao thanh bang cho trude, ¢é bang riéng
cho tin hiéu d6 chéi va bang riéng cho tin hié¢u hiéu mau. Phia giai nén cdn phai biét khi nén da
str dung cdc bang mife lugng tlr nao.

4. Buée 4. Quét zich zac

5. Bude 5. Ma hod theo chiéu dai lap lai - RLE

6. Bude 6. Ma hod theo Huffman hodc mi s& hoc (budce 5.6 goi 1a cac bude nén khong ti€u hao).

12. THUAT TOAN HOI QUY (SONG)

Thuat todn nén hoi quy (hay truy todn) trong tiéng Anh goi la: waveler- tam dich 1& séng gon.
Thu4t todn dinh hudng vao anh den triang ciing nhu anh mau v6i phép bién déi tir tr. He s6 nén
c6 thé nhan dugc va bién déi trong gidi han rong tir 5 dén 100 1n. Khi thir nghiém véi hé 6 nén
16n, tai nhitng ranh gidi dot ngdt, hodc dic biét dién ra theo dudmg chéo s& xuét hién " hidu ing
cdu thang” - cdc bac thang vdi do sang khdc nhau trong mét vai pixel.

Y tudng cia thudt todn nhu sau: thay cho viéc md hod birc dnh riéng biét bing viéc tinh todn
lién tiép cdc gid tri vé sy khdc biét giita cdc phdn nt dnh lan cdn nhau cia tdm dnh, ma thong

thudmg chiing s& nhan gié tri gan 0.

. . e .. a, +a,,,
Chéng han, hai s6 a,, va a,,, luon ludn c6 thé bidu dién dudi dang: b = Li—z—' vi
2 _ azr —aZHI . . > . > . o 312
b = T Tuong ty nhur vy, chudi a, ¢6 thé duge cip d6i rdi chuyén thanh chudi b, .

Chiing ta khdo st mot thi du. Gia sir chiing ta cn nén dong sd liéu gém 8 gid tri do sdng cia
cdc pixel (a; )= (220, 221, 212, 218, 217, 214, 210, 202). Chiing ta nhan dugc chudi b,' =(215,5;
215; 215,5; 206) va chudi b] = (4,5; -3; 1,5; 4). Chiing ta nhan thdy ring céc gid tri b khd gin
gid tri 0. Lap lai tinh todn nay d6i vi chudi b twong ty nhu chudi a,. Thao téc nay duge thyc
hién theo kiéu truy todn, tir dé xuat hién tén goi cha thust todn. Tir day s6 lidu b =(215,5; 215;

215,5; 206), ching ta nhin duoc (215, 25; 210,75) va (0,25; 4,75). Cic hg s6 nhan duge duge
lam tron dén gid tri nguyén va nén, ching han theo thuat todn Huffman, ¢6 thé coi nhu két qua

mi hod cuéi ciing. Trong thi du niy, chdng ta thyc hién bién déi hai 14n réi duge tam tron thanh
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gid tri nguyén. Bién d6i wavelet c6 thé thuc hién tir 4 dén 6 l4n, dé cho phép nhan duoc hé s6

nén cao.

Thuat todn ciing ti€n hanh twong tr cho céc s6 lieu dang hai chiéu.

Hinh 2.11a). Anh ban dau. Hinh 2.11b). Bén khéi B', B2, B, B*.

Ching han, ching ta c6 mot hinh vuong tir 4 diém véi do SANG: Ay, 5 Gyyys, G55,

az;'“.z_”] , thi dUUC tinh:

I —
bf.j =( aZi,Z; + aZHi,Z} + alf‘21'+}+ az.-+],2J+| )/4;

2 e

b'u" _(az-"-zj + a2f+|,2J- aZi,Z_,i-rI- aZ;+l,2;+| )/4‘
3 —

b;.j =(ay,;- Ain2)F Ay 25017 Byiarnjm N4,
‘ —

b:'._,f _(az:ﬂj - aZHl.Z;" az;,zm"‘ a2f+;,2j+| )/4.

Sir dung céc cong thitc ndy d6i véi anh 512x512, chiing ta nhan dugc sau 14n bién ddi thit nhat
4 ma tran c6 kich thu6c 256x256 phén tir, nhu hinh 2.11 a).- anh ban ddu va hinh 2.1 1b).- sau
ldn bién d6i thit nhat.

Trong khdi thit nhat dé dang nhan ra d6 1a ban copy véi kich thudc nho ciia anh goc. Khéi thi
hai - cdc hiéu trung binh clia cap gi4 tri céc pixel theo chiéu ngang. Khéi thit ba - céc hiéu trung
binh cua cap gid tri cdc pixel theo chiéu ditmg. Con kh6i thit bén - cdc hiéu trung binh cia cap
gid tri cdc pixel theo dudng chéo. Tuong tu nhu trén, ¢ thé 1ap lai phép bién ddi d6i v6i ma tran
thit nhat dé nhan dugc 4 ma tran kich thuéc 128x128.

Khi lap lai phép bién déi 3 l4n, sé nhan duoc 4 ma tran kich thuéc 64x64 va 3 ma tran
128x128, 3 ma tran 256x256. Phép nén ti€p theo nhan ra ring trong cdc ma tran hiéu c6 mot s6
luong 16n céc s6 0, hodc gdn dén gid tri 0, chiing s& dugc nén hiéu qua sau khi lugng tir hod.
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Uu diém cla thuat to4n nay 14 & chd c6 thé dé& dang cho phép thyc hién kha ning "hi¢n hinh”
tlr tir biic 4nh khi truyén qua mang. Ngoai ra, boi vi thay cho bifc anh ban dau, thyc 1€ ching ta
liru giir ban copy clia nd, va lam don gidn hod trinh bay anh "tho thién" theo tiéu dé.

Khiéc v6i thuat toan JPEG thyc hién gia cong cdc khéi 8x8, thuat todn nay thuc hién gia cong
cdc khéi 2x2, 4x4, 8x8, v.v... Do trong qud trinh bién déi cdc hé s ciia cdc khéi duge luu gilt
riéng, d& dang bd di duge viec d4p nhd bifc anh thanh cdc "manh ghép” vudng.

13. CAC PHUONG PHAP NEN ANH BONG (VIDEO)

Vin dé co ban khi 1am viéc véi anh dong 12 van dé dung lugng s6 liéu qud lon. Chdng han, khi
ghi hinh 1én dia compac véi chit luong trung binh, ¢6 thé ghi dugc vai ngan bic anh, hon 10 gio
am nhac va nita gio video. Tin hiéu video h¢ mau (RGB) s& hod dang (720x576) pixel va 25
anh/sec tao ra dong dit lieu 240 Mbit/sec (hodc 1,8 Gbit/phiit). Khi d6 vé6i cdc phuong phép nén
thong thudng, thuc hién nén timg anh riéng biét (JPEG thudc s6 d6), cling khong thé ctiu van ndi
tinh th&, bdi vi ngay ca khi giam dung lugng s6 liéu di 10 + 20 14n, thi né van cOn qud 1on dé co
thé sir dung trong thuc tién.

Khi thuc hign nén anh dong cdn phai dé § mot vai dang du thira clia ching:

e Céc viing ¢6 su gdn két chit (d6ng mau) ciia anh s& khong c6 sy thay d6i mau déng k€ gilra
céc pixel 1an can. Pay 1a mot dac tinh duge sir dung & moi phuong phdp nén dnh ¢6 tiéu hao.

e D6 du thira trong mat phing mau da phin anh cao mitc d¢ lien két cudng do cic mau khéc
nhau clia thanh phin anh va cdc thanh phin d6 sdng cla né.

» Sy twong tu giffa céc anh- yéu t& nay duge sit dung khi t6c do 25 anh/sec (d6 12 tdn s6 cyc tidu
dé khong nihan ra sy nhap nhdy clia anh, khi cdc anh c6 thay déi) s& khong khdc nhau déng ké
gifta cdc anh 1an can nhau.

Viio giifa cic nam 80 ciia th& k§ trudc, nhiu trudmg dai hoc va phong thi nghiém cla céc hing
phim phuong tay di nghién citu dé tao ra thuat todn nén anh video s6. Vao nam 1988 di ra doi
nhém MPEG (Moving Pictures Experts Group), d&n nam 1990 bét ddu xay dyng chuan MPEG-
1, d&n thing giéng 1992 thi hoan thanh.

Thuat todn MPEG di dugc thita huéng nhiéu két qua nghién citu trude do, trude hét phai ké
dén thuat todn JPEG - 12 thudt todn van nang trong nén anh tinh. Trong d6 c6 st dung DCT, n6
cho phép bd di tuy ¥ cdc thanh phin cao tdn ciia anh (cling d6ng nghia vdi viéc thay déi ti s6 nén
trong mot dai rong) ma khong anh hudng nhiéu dén cht lugng &nh khoi phuc. Ngoai ra con sir
dung chuyén khong gian mau RGB thanh khong gian mau YCbCr.

13.1. Thuit toin nén video
Cong nghé nén video trong MPEG dugc phan ra thanh hai phan:
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- Gidm nho d¢ du thira thong tin cla anh video theo thai gian thay déi, diéu nay dua trén thue t&
[a cc anh can ké nhau theo thi gian khong thay d6i ding ké.
- Nén timg anh riéng biét
a). Gidm nhd d6 du thita theo thoi gian thay doi

D€ thod min cdc yeu cdu i ngugc nhau va lam tang do mém déo clla thuat todn, trong chudj
anh- cdc thanh phan cia anh dong- dugce chia ra thanh bén loai anh:
* Intracode pictures- anh ma hod trong (ta goi 1a anh I): 14 anh chuin cho 2 loai anh kia, duge
nén khong phu thugc vio cdc 4nh khéc. Bdi vay, trong chudi dnh video, hodc nhém anh video,
anh I dimg dau tién, né cung cdp théng tin ddu cho cic anh kia. Anh I cho phép truy cap ngiu
nhién, nhung né ¢6 ti 1¢ nén thap nhat.
¢ Predictive code pictures- dnh mi hod du dodn truée (1a goi 1a anh P): 1 anh duoc nén vdi viéc
sir dung sy tham khao d&€n mét anh trude do (past reference image), hoc anh I hoic anh P.

Céc gid tri cia anh P duge xdc dinh nhur sau:

MB; (anh P) = MB, (énh hién thi) - MB,;; (anh tham khao qua khd), véi moii,j.  (2.6)
O day d4u (-) chi phép tinh trir cfia h¢ ca 6 10, véi céc pixel twong tng clng toa do trong mi
MB, con trong hé co s6 2, né la phép cong mod2. Néu 14y anh hien thai bang anh tham khio qud
khi, thi cdc gid tri anh P =0, titc 1a anh P chi gom toan gi4 trj 0.

Céc viing clia &nh hién thdi tuong tu nhw céc ving clia anh tham khao truée duge ghi nhan bing

vécta dich chuyén. Anh P dugc sir dung lam anh tham khao cho viéc bi chuyén dong cia anh B,
hoic anh P khéc.
* Bidirectionally predicted pictures- 4nh ma hod du dodn hai chiu (ta goi 13 anh B) dugc nén
v6i vige sir dung su tham khao dén hai anh: mét anh phia trudc (dnh tham khio qud Khit - past
reference image ), mét anh phia sau (anh tham khao tuong lai - future reference image). Ban
than anh B khong duge sir dung 1am anh tham khao cho anh P ho#ic anh B khic.

Céc gid tri chia anh B duge xde dinh nhu sau:

MB;(anh B) = MB; (anh hi¢n theni) - 0,5x| MB;; (anh tham khéo qu4 khit ) +
+ MB; (&nh tham khdo tuong lai)], véi moi i, j. 2.7

3 day phép (+) va phép (-) trong he co s6 10, vdi cdc pixel wong img cling toa do trong méi
MB, con trong h¢ co s6 2, chiing 1 phép cong mod2, Néu 14y ba anh nay bang nhau, thi céc gid
tri anh B=0, tic 12 4nh B chi gém toan gid tri 0.

Céc viing ctia dnh hién thoi twong tir nhy céc viing cila anh tham khao trudc (hoic sau) dugce ghi
nhan bing vécto dich chuyén. He s nén ciia anh B cao nhat so v&i dnh P va anh I
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e Cic anh DC- ducc nén doc lap véi mic do tiéu hao cao, chi si dung khi cén tim ki€m nhanh.
N gifng aoh L, tuy nhién, chi ¢6 thanh phdn mot chiéu ¢ ddu ra khi thuc hién DCT. Day la loai
anh don mau.

Céc anh I bao dam kha pang truy nhap tuy ¥ dén mot anh bt k¥, 12 dang céc diém déu vao cua
dong dit lieu dé gidi nén.

Céc anh loai P sir dung tham khio dén mot anh I hoac dnh P phia trudc, né c6 tic dung nang
cao miic dd nén toan bd.

Céc anh B sif dung tham khio dén hai anh, nim phia trude va phia sau, bao dam nang cao miic
do nén nhat, con chinh nd khong duge sit dung iam anh tham khdo.

Cic anh P vii B khong phai 1a cdc anh hodn chinh ma ching chi chifa dung sy khéc biét giita
anh hién thoi va anh tham khao trudc né (cho anh P} hay ci anh tham khdo true va sau n6 (cho
anh B).

Chudi cdc anh trong phim ¢6 thé, ching han, IBBPBBPBBPBBPBBIBB P.... hoic
RIPBPBPIPBPB..

Ngudi ta chon tdn sust clia anh loai ¥ xuat phdt tir yéu cdu vé thai gian truy nhép tuy ¢ va do
tin cdy clia dong dit lieu khi truyén qua kénh c6 nhiéu, chon ui s6 giifa cdc anh loai P vd B xudt
phét tir mic do nén cdn thiét va mitc do phiic tap cia giai nén, bdi vi dé gidi nén anh loai B cin
bi&t dnh tham khio trude ciing nhu anh tham khdo sau né. Vi vy, thir ty xudi hi¢n anh (cling
nhu thit tu téi tao anh) khdc v6i thit ty truyén dén anh. Chéng han, thi ty xudt hién anh la: I, B,
B, P, B, B, P; B, B, ;... Thit tu truyén cic anh s& la: I, P, B, B, P; Bs By Iy ByBy .. Lép dnh
clia dong dir lieu MPEG phai gén thong tin vé s6 thit ty anh dé€ givip cho trinh vy tai tao anh diing.
b). Nén cdc danh riéng biét

Thue tién t6n tai nhiéu thuat todn nén &nh tinh. Trong s6 d6 thuong sir dung thuat todn dua trén
ca s DCT. Thuat todn nén anh rieng bi¢t ciia MPEG gi6ng nhu thudt todn nén anh tinh- JPEG.
M&i ma trén cg s& ciia khong gian mau YCbCr duge nén doc 1ap nhau nhd DCT. Déi véi anh P
va anh B véi cdc ving anh hién th&i gidng cdc viing anh tham khao, khi ma héa s& thuc hién thay
th& bing céc vécto dich chuyén dai dién cho ching.

Qué trinh nén mdi ma tran co s&, hoan toan gidng nhu & thuat todn JPEG, gém 6 budc da biét.
Tuy nhién, budc tién xif 1y thi khic nhau, thy thudc vio timg loai anh. Sau day, ching ta biéu
di&n céc budc clia qué trinh nén timg loai anh.
bl). Nén dnh I

Tren hinh 2.12a) biéu dién cdc budc nén anh I, bao gém céc budc:
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Y Cr i x
P61 vdi moi

T
Ch j macroblock

Kﬁ_ll,__,_g

Lugng tr
Padi véi mdi Falopa héa
Quét
zic-zAc
ffuffiran rD
01101... -uf

RLE | |-
Lﬂq

Hinh 2.12a). Cac buéce nén anh 1.

- Tién i [y: Gém cdc budc bién déi khong gian mau RGB thanh khong gian mav YCbCr. Chia
tdm anh thanh cdc MacroBlock. Céc MB (trong trudng hop cu thé nay) thire hien theo tiéu chuén
4:2:0 (4:1:1). Doi voi mdi ma tran co s& (8x8) thuc hién nén riéng biét theo 6 budc clia thuat
todn JPEG.

- Sdu budc cia thuat todn nén anh (inh JPEG d6i véi méi ma trdn co s (8x8) — DCT — Lugng
tr héa -» Quét zich zic - Ma RLE — Mi Huffman.

- Céc budc nén anh I, hoan toan nhu cdc bude nén cila thuat todn JPEG.

b2). Nén anh P

Trén hinh 2.12b) biéu dién cdc budc nén anh P. Can chy y rang anh P 13 4nh ma héa du dodn
¢6 tham khdo dén mét anh trude dé (hodc anh I, hoic nk P).

v. Khuon hink tron trong anh hién thoi ding dé ky hieu ving anh dich chuyén, ma khi mi héa
duge thay th€ bing vécto dich chuyén thich hop.

V. Khung hinh viong vién dgm mau rong anh hién thoi (target image) dung dé ky hieu MB dién
hinh s& thue hién trong céc budc ma hoa.

V. Khung hinh vudng vién dam mau trong dnh tham khao qud khi ‘past reference image) diing

dé xéc dinh 167 wu vécta dich chuyén, goi 1 hop t6i wu.
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A'nh hién thoi

. e
A'nh tham K—f’ ﬁ ;
T ‘) : o}
t l Dai vai
* 7 . moi khoi 8x8
T-...] - Hop t8i wu z
64w . Vécto Sl
dich chuyén
Ma hoéa
Huffman
¢100110

Hinh 2.12b). C4c budc nén anh P.

- Bude tién xir Iy: GAm cdc budc:
V. Xdc dinh “hiéu s&6” giita cic MB tuong (g clia anh hi¢n thdi v6i cic MB tuong tng cua anh
tham khao theo cong thiic (2.6).
v. Xéc dinh cac ving dich chuyén cla anh hién théi so vdi anh tham khdo, r6i thay thé ching
bing cdc vécto dich chuyén (& mirc MB).
V. Sdu bude nén ti€p theo, d6i v6i mdi ma tran co s& (8x8), hoan toan nhu & thuat toin JPEG
b3). Nénanh B

Trén hinh 2.12c) biéu dién cdc budc nén anh B. Cin chd § ring anh B 12 4nh mid héa dy dodn
¢6 tham khao dén hai anh, mot dnh trudc d6 (hodc anh [, hoge anh P), mot anh sau dé (hoac anh
1, hodc anh P).
Budc tién xur 1y: Gém cdc budc:
V. Xdc dinh “hiéu s&” giita cdc MB twong g clia &nh hién thoi voi cdc MB tuong Ung cuia 2
anh tham khao theo cong thic (2.7).
V. Xéc dinh céc ving dich chuyén cla anh hién thdi so v6i 2 anh tham khao, réi thay the ching
bing c4c véctd dich chuyén (& mitc MB).
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A'nh tham A'nh tham
khdo qué khit A'nh hién thoi khao tuong lai

Vécto dich

chuyén | Ma/h Huffman 3 011010...

Hinh 2.12¢). Cac bugc nén anh B.

Qud trinh nén d6i véi dnh B ¢6 thé sir dung dén hai loai vécto dich chuyén. Nhu vay, qué trinh
nén anh B tuong ty qué trinh nén anh P, ngoai trir viée sir dung vécto dich chuyén. D6i véi anh B
c6 thé sir dung hoac mot loai vécto dich chuyén cho anh tham khao qu4 kht, hoac mot loai vécto
dich chuyén cho anh tham khao tuong lai, hoac c hai loai vécto dich chuyén.

Gidi nén: DGi véi anh loai P va anh loai B, khi gidi nén, dé khoi phuc anh hién thoi cén:
V. Khoi phuc cdc anh tham khao:

V. Sir dung c4c todn tir nguoc véi céc todn tir khi nén, dé gidi nén cho anh du doan:

V. Khoi phuc céc ving da duge thay thé€ bang céc vécto dich chuyén;

V. Khoi phuc anh hién thai, tir két qua clia ba budc trén.

¢). Sit dung vécto ciia khoi dich chuyén

Mot kha nang don gian dé x4c dinh c4c viing tuong tu clia anh hién thoi so véi cdc ving di
biét clia anh tham khio truéc (hoéc sau) 1a sy tinh todn méi khéi ciia anh hién thoi tir mdi khéi
clia anh tham khéo trudc (hodc sau). Nhung hi¢u qué hon ca Ia thuat todn tim kiém vécto, ma né
chi ra khéi ciia anh hién thoi da dich chuyén theo quan h¢ v6i kh6i ctia anh tham khdo trudc
(hodc sau) nhu thé nao.

Thuat todn chi ra d6i véi MB ctia anh hién thoi, chiing ta cdn tim ra khéi tuong tu véi né nhat &
cdc anh tham khao, theo nghia 12 mot s6 do nao dé. Ching han, theo cuc tiéu ciia téng cic binh
phuong ciia hiéu gid tri do 16n cac pixel & hai khoi tuong img tir khéi dang xét ctia anh tham
khao truée (hodc anh sau) dén céc khéi ciia mot ving lan can nao d6 clia anh hién thoi:
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-
P

:L\ 1N |( B Wi“)
N? =0 =0
& day: N - do Ién cta khoi (N = 16),
X, - chi do 16a ciia pixel thit i,j (ching han, cudng do chéi, cudng do mau),
n - chi anh hién thoi,
n +1- chi anh tham khao trudc vi hoac sau, phai la anh 1 hoac anh P, khong thé 1a anh B.

Néu khoang céch nay nho hon miic ngudng dinh trude nao d6, thi vécio dich chuyén duge tuu
gii¥ thay cho kh6i dy dodn ciia anh hién thoi. Néu nguge lai, thi kh&i ctia anh du dodn duge nén
doc 1ap theo thuat tcdn da chon. RS rang, dé xdc dinh vécto dich chuyén chi can st dung mot s8
tham s& 161 thiéu, ching han, toa do diém déu, diém cu6i, tht ty khéi va tiéu d€ cua vécta dich
chuyén. Hon nifa, viéc xac dinh t6i wu vécto dich doi hdi ahi€u thai gian va cong siic.

Hién thoi, thuat todn MPEG ¢c6 nhiéu phién ban cho céc itng dung khac nhau.

14. CAC PHUONG PHAP NEN TiN HIEU TIENG NOI

Mot khdi lugng 16 tin tifc duge truyén trong cdc hé thong truyén tin ngay nay la tin hi¢u tiéng
néi chia con ngudi. Bai vay, cdc phuong phdp md hod hi¢u qud cling nhu céc phuong phdp nén
hiéu qud tin higu ti€ng néi duge ddc biét quan tam nghién ciu.

Lich sir phat trién k¥ thuat xi 1y tin hiéu ti€ng ndi da duoc bat dau vir rat lau. C6 thé coi duge
bit ddu tir khi xay dung dudng cdp dién thoai xuyén Dai tdy duong, cling nhu khi xay dung
dudmg cép dién thoai tir Moskva- Viadivostok.

Ching ta nghién citu cdc dac tinh co ban cba ti€ng ndi, coi d6 la ddi tuong ciia md kinh t&
cling nhu dé truyén theo kénh lién lac va thir giai thich xem nhitng dac tinh ndo, ma dua trén dé
¢6 kha nang nén nd.

14.1. Cac dac diém coa tin hiéu tiéng néi

Ti€ng n6i Ia mot dao dong dang phic tap, né phu thude vao cach phat am cva tir, am sdc, 4m
digu cita giong néi, vao giéi tinh, vao wéi tdc ciia nguti nbi. Pho tdn s6 cla ti€ng ndi 1t rong
(chéng han, tir 50 dén 10.000 Hz), nhung dé truyén tin hiéu ting néi theo duong day dién thoai
chi cin céc thinh phin tén phd trong khodng 0,3 dén 3,4 kHz. Vdi gidi han cia dai pho nay da
jam x&u di cac thanh phin ciia hang loat am (ching han, cdc Am rit ma nang lugng chil yéu cla
n6 tap trung & thanh phén cao tdn chia ph6), nhung dung cham rét nhd dén céc thanh phan chinh
yéu ciia tin hiéu. Gi6i han phé tdn dudi 300 Hz cling 1am xdu di cac thanh phdn am trdm.

Trén c4c hinh dugi day biéu dién cdc doan cia tin hiéu ti€ng néi, bao gdém nguyén am- hiru
thanh (hinh 2.13a) va phy a&m- v¢ thanh (hinh 2.13b) va céc phé tuong img cla céc tin hiéu nay
(hinh 2.14a); 2.14b). Tir day thdy ro ranh gidi trong ddc trung cua cdc tin higu phil hap, va tat
nhién ciing thay 15 ca trong trudng hop thit nhat, ciing nhu trong trudng hop thit hai, bé rong phd
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cha tin hieu déu khong vuot khdi 3,5 kHz. Ngoai ra, ciing thdy ring mifc phd dng v6i thanh phén
am tdn (tuong dng sy bién thién cham theo thes gian) vugt trgi so véi thanh phédn cao tin (trong
ing su bién thién nhanh theo thoi gian). bic tinh khong bing phéng nay cila phé 1a mot yéu 13
dé ta c6 thé nén tin hiéu cia né.

4000 v ]
3000 a00 +
00 M m 4401
1000 i f
i 3 s
i ° B 0 i
1 1000 2 2«3 [ I
00 0
3000 00
wmo - JID I.§ 2;) 2‘5 0 mo 3 11 i) 10 Fe 3
Time {ms) Time (uzs)
Hinh 2.13a). Dang séng ctia nguyén am. Hinh 2.13b). Dang séng ciia phu am.

Diéu dac biét thit hai cita tin hiéu ti€ng ndi, nhut c6 thé nhan xét tir thi du nay la sy khong déng
déu trong phan b6 xdc suit (mat do xdc sudlt) cdc gid trj titc thoi cla tin higw. Cdc miic bién do
tin hi¢u nho c6 phan b xdc suat 16n hon cde miic bién dd 16m.

PSD (41}
& & 2 5

-

M T ng:c@:?’m:?o 000 3% 00 o m 1w ’I?sz:?,m:;o e MW 000
Hinh 2.14a).Dang pho ciia nguyén am. Hinh 2.14b). Dang phé ctia phy am.

Péc biet nay nhan thiy 13 rang & cdc doan c6 do dai 1én miic tich cuc khong cao cla tin hiéu
ti€ng ndi (mifc tich cyc = ti s6 cha thoi gian c6 tin hi¢u/ (6ng thai gian (c6 tin hiéu + thc:ri gian
nghi)). Yé&u t6 nay, nhu da biét, ciing bdo dam kha ning cliza ma kinh t& - khi xdc suat 16n s&
dugc mé hod bling tir ma ngén va nguoc lai.

Con mot dac bigt nita cla tin hiéu tiéng néi 1 tinh dong theo thési gian W tai ching: céc dac
tinh va cdc tham s ciia tin hiéu trén cdc doan khdc nhau, s& khic nhau mot céch ddng ké. Déng
thoi kich thuic clia khoang tinh chi€m khoang vai tram milisec. Piac tinh nady cia tin hiéu gay
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khoé khan ddng k€ cho ma hod Kinh t&€ né va bit bugc cdc hé théng nén lam viéc bang mé phéng,
nghia 12 gid tri clia cdc tham s6 tin hiéu & mdi khoang phai dugc di€u chinh,

Hinh 2.15. Co ché hinh thanh tiéng néi.

Cu6i ciing, diéu quan trong dic biet dé 18 chic nén tin hidu tiéng néi 1a hiéu biét vé co ché vt
19 hinh thanh tiéng néi. So d6 don gidn clia né dugc trinh bay trén hinh 2.15.

Tiéng néi duge hinh thanh khi dong khong khi tir phéi duge ddy di qua day thanh va thanh
quén. Thanh quan dugc bit ddu tr ddy thanh va két thic & méi va ¢d do dai trung binh khoang
15 + 17 em. Thanh quan, do d6 mang dac tinh cong hudng trong viéc hinh thinh tigng néi, bo
c4c thanh phén tin s6 dac trung d6i voi mdi con ngudi, duge goi 14 giong néi (formant). Céc tén
s6 va cdic dai thong clia giong néi ¢6 thé duge diéu khién khi thay d6i hinh dang clia thanh quan,
ching han, thay ddi vi tri clta 1u8i. Gigong néi la ddc trung riéng biét cia moi con nguoi, nho
nhdn dang né chiing ta c6 thé phan biét nguoi nay véi nguoi kia. Phin quan trong cia nhiéu bo
ma hod/giai ma tiéng néi 12 sif dung mo hinh thanh quin nhu b3 loc vdi cdc tham s6 thay d6i cé
tinh thoi gian ngdn. B&i vi hinh dang clia thanh quan c6 thé thay déi tuong d6i cham (thudmg cho
ring thanh quan c6 thé thay d6i vi tri ciia ludi tir 20 + 30 14n trong mot gidy), thi cdc tham s6 cua
b6 loc nhur the cdn phai duge thay déi tuong d6i thua thét (thuémg khong qué 20 milisec hodc it
hon cho mot 14n).

Nhu vay, thanh quan tao ra dong khong khi ddy né qua day thanh. Phu thu¢e vio kha nang kich
thich dé phat sinh, khi d6 am thanh c6 thé chia thanh ba loai:

1). C4c nguyén am (hiru thanh), dugc phét sinh khi cdc day thanh rung dong do bj mé, dong,
dé ngit chinh dong khong khi tir phéi t6i thanh quéan. Sy kich thich thanh quan khi d¢ dién ra
gin nhu chudi xung 6 chu ky. Téc d¢ (tdn s6) cla sy md va déng cua thanh quan xdc dinh do
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cao cia &m phat sinh. N6 ¢6 thé duoc didu khién bang thay déi hinh dang va cuong do cic day
thanh, cling nhu bing thay déi 4p su4t dong khéng khi chdy qua.

Céc nguyén am cé mikc do phu thude cao theo chu ky clia am co ban, v6&i chu ky 2+ 20 msec.
Tinh chu k¥ dai han nay ducgc thdy r3 trén hinh 2.13a), & day trinh bay mér doan cia tin hi¢u
ti€ng ndi tir nguyén am.

2). Cdc phu am (vo thanh), chdng han: s, x, f, duoc phdt sinh khi kich thich thanh quan bai
dong hdn loan tya tap am, do dong khéng khi ¢6 8¢ do chay qua cdc day thanh mé&. Cic 4m nhu
th€ duge trinh bay trén hinh 2.13b), thuc t& khong thdy tinh chu k¥ dai han do dao dong cha cac
day thanh, tuy nhién, c6 thdy sy tong quan ngan han do anh hudng cfia thanh quan.

3). Cdc am c6 dac trung nd, chang han: k, kh, & I, dugc phét sinh khi d6ng thanh quan véi dp
sufit con du clia khong khi bén ngoai trude khi ma.

Mot vai &m, chdng han: z, v, duoce hinh thanh khong giéng nhu cdc miéu ta & trén day, chiing c6
thé duge xem nhu mot am hén hop.

Nhu vay, qud trinh hinh thanh ti€ng néi ¢6 thé duge xem nhy st loc cia thanh qudn véi sy

thay doi theo thoi gian ciia céc tham s6 tin hiéu duge kich thich, ciing voi su thay déi cac dac

o

trung cda né (xem hinh 2.16),

B4 tao tap 4m tring \/\/\M’\/\ —
e

B0 tao chubi xung ]

11t

Hinh 2.16. M6 phéng co ché hinh thanh tiéng noi.
Nhur vy, khong xem xét dén tinh cuc k¥ da dang ciia viéc phét sinh tin hiéu tiéng néi, hink

1 B¢ loc thanh quéan

dang va cdc tham 56 cila thanh qudn, ciing nhit céc khd nang va cdc tham sé'kich thich &it mot
dang va duoc thay doi twomg doi chdm, trén hinh 2.13a) va 2.13b) thay rd rang tin hiéu tiéng néi
¢6 muc d6 cao cia du dodn ky han lau va k¥ han ngan do tinh chu ky dao dong ciia day thanh va
dic tinh cdng hudng clia thanh quan. Phén 16n cdc b6 mi hod/gidi ma tin hiéu tiéng néi déu sir
dung di¢u du dodn nay, cling nhy sy thay déi chdm cdc tham s6 ciia mé hinh hé théng hinh
thanh tiéng néi d€ gidm nhod téc do ma. Ngay nay, mé hinh bo loc thanh quan dugc thuc hién
bing bo loc s6, 13 b6 loc toan diém cuc, ¢6 ham truyén dat:

I G

1- E az”
=1

vGi h¢ s6 khuéch dai G va c4c hé s6 a, thay déi phit hop.

H(z)

sln)
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Nhu vay, tit ca cdc kha nang cia ma héa Kinh € (nén) tin hiéu ti€ng néi c6 thé chia thanh ba
loai, duge miéu ta dudi day:
14.2. Cic ma dua theo hinh dang tin hi¢u

C4c bo ma hod/gidi ma dua theo hinh dang tin hi¢u 12 cdc b ma hod/gidi ma tin hiéu ti€ng noi
don gidn nhat, néi chung ching khong sit dung cdc thong tin vé qud trinh hinh thanh tin higu
dem ma hos, ma don gian chi 1a 6 ging d€ tin hiéu duge khoi phuc gin gidng vdi tin hiu ban
dau nhat. V& mat Iy thuyét, chiing bat bién déi véi djc trung cua tin hi¢u duac dua tGi ddu vao
ciia bb ma hod va chiing c6 thé duge sir dung dé ma hod cdc tin hi¢u bét ky, khong nhét thiét
phai 12 tin hiéu tiéng néi. Cdc bo mé nay la don gian nhat theo nguyeén 1y hoat dong, cling nhw
theo c4u tric clia thi€t bi, thung khong béo dam miurc do nén cao (hay tdc do bit thap).
a). Mot phuong 4n don gidn clia b ma dya theo hinh dang tin higu duge goi la diéu ché xung
ma (Pulse Code Modulation- PCM), bao gém ba qud trinh:

- L4y mAuv tin hiéu (rdi rac tin hiéu theo thoi gian): thay thé tin hiéu lién tuc theo thoi gian bdi
¢éc miu cia ching (xem chuong 6). Véi chu ky 18y mau T, thod man diéu kién cia dinh 1y 18y
mdu (cdn goi 1a dinh 1y Hary-Nyquist hodc KachennhicGp). Dinh 1y 14y miu phat biéu: mgt tin

hiéu s(t) lién tuc, cé phé hitu han vdi tdn 56 cyc dai F,,, hoan toan duge xde dinh bdi cdc mau

cita ching ldy trong cdc khodng thoi gian T <

(hay f, 2 2F,, )&day T, - chuky thoi

max
gian 14y miuw, con f,= /T, - tin s6 1Ay méu, va F,,, 13 tdn s6 cao nhat cla tin hié¢u dem 14y méu.

- Lugng tir hod bién do cdc xung miu. Qu4 trinh nay chia bién d¢ cdc xung miu ra thanh nhiéu
miic luong 6 va 13 qud trinh 1am trdn cdc gid tri cla bién do cdc xung miu. Két qua cta budc:
bién do cdc xung miu bing nguyen ldn s6 miic lugng tir. C6 hai kiéu luong tr hod: déu va khéng
déu.

- M3 hod 12 budc bign d6i bien do cac xung miu da ducc 1am tron thanh céc tr mé nhi phan cé
do dai déu. |

Vi tin hiéu tiéng ndi 14y bé rong phé tir tdn s6 300 Hz dén tdn 8 3.400 Hz, thi ba qua trinh
trén duge thé hién nhu sau: t4n 56 14y mdu f, > 2F,, , duge chon F, = 800CHz (8000 mdu/sec,
T, = 125psec). Néu thyc hién lugng tir hod déu, va dé nhan duge chat lugng tiéng néi 1y tudng,
cén nhiéu hon 4000 mifc luong tir, ndi cach khdc méi xung dugc md hoa bing tir ma dai 12 bit
(N = 2'2 = 4096); khi dé t6c bit s€ la:

R = 8000 méw/sec x 12 bity/miu = 96000 bit/sec = 96 Kbit/sec

Néu sit dung luong tir hod khong déng déu (& mitc tin hiéu nho s& sir dung nhiéu mic lugng tit

hon & mifc 16n, dé sai s6 tuong d6i luong tir hod s khong ddi cho tdt ca cdc mufc chia tin higu).

Qué trinh nhu th€ gl 1d nén ddi dong cita tin hi¢u. Vi sy tinh toin dac tnmg thong ke ctia tin
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hiéu ti€ng néi (theo su phan bd cha céc gid tri tic thoi), cling nhu dic trung nghe phi tuyé&n-
phan biét 16t hon & cdc miic tin hiéu y€u, dac trung nén ¢ dang dudng logarit. Hién thdi t6n tai
hai ludt nén: luat- p cia USA va ludt- A cha chav Au. Nhes qQué trinh nén ddi dpng ciia tin hidu
nay, ma s6 mic lugng tir hod N = 2* = 256, nén méi xung méu duge md hod thanh tr ma dai 8
bit, khi d6 toc bit s& 1a;
R = 8000 mau/sec x 8 bit/miu = 64000 bit/sec = 64 Kbit/sec

Nhu vay, gid tri 64 Kbit/sec dudec Hy 1am gid tri xudt phat dé so sdnh mirc hiéu qua va chat
Iuvgng ma hod tin hiéu tiéng néi.
b). Mt phuong édn tiép theo, cho phép giam tdc d bit, 13 du dodn cdc gid try chay clia cdc méu
theo theo mot vai gid tri trede cia né vi ma hod khong phai chinh cdc miu ma 12 cdc sai léch dy
dodn cua né- hiéu giita gia tri chan thyc cha méu chay va gid wri du dodn cia né. N&u do chinh
x&c¢ cua du dodn dat duge cao, thi sai l¢ch clia dy dodn miu ti€p theo s& nhod hon dang ké so véi
chinh cdc gid tri miu va d€ mad hod né cdn mot s& bit {t hon. Nhu vay, bac dr dosn su bién thién
clia tin hiéu dem ma ho4 cing 16m, thi hi¢u qua nén né cing cao.

Phuong 4n ndy duge goi 13 diéu ché xung ma vi sai (Differential Pulse Code Modulation-
DPCM), khi d6 mi hod khong phéi chinh céc gid trj mu ca tin hiéu, ma [ sai léch cia ching
tir mét vai miu du dodn.

— e, @, X,
Lugng tit héa +
x,
Bo du dodn X ' Bo6 du dodn
€y =X, —X, =X, -iafxn—f X, =X, t+e,

i=l
€, —e=7%, - x, = sai s§ luong tif hod
Hinh 2.17. B6 ma hoa DPCM. Hinh 2.18. B giai ma DPCM.
Got x,1a gid tri mAu hién thoi va X 1a gid trj miu dy dodn ciia x,,, dugc dinh nghia nhy sau:

X, = Zp:a,xn_, (2.8)

=1
Nhu vay, %, 13 t8 hop tuyén tinh cila p miu trude, a; 12 cic hé $0 clia bo dy dodn, céc he s6 a,
duge chon dé t6i thiéu hod ham sai léch nao d6 gitra ¥, va x,. Phép dir dodn theo (2.8) duge
goi la du dodn bac p. Néu lgy p =1, ta ¢6 du dodn bac 1 13 don gian nhat, nhung kém chinh xdc
nhat. Tren hinh 2.17 va hinh 2.18 trinh bay so d6 bd ma hod va gidi ma DPCM,
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Khi chon bac du dodn thich hgp, thi k&t qud ma hoa theo DPCM cho 5 - 6 bit/miu hoic tée do
bit R = 40 - 48 Kbit/sec.

¢). Hiéu qua clia DPCM c¢6 thé dwoc nang cao thém, néu dy dodn va lugng 1 hod tin higu s&
duge thye hién khong phai trén co s& clia cdc dic trung trung binh nao d6 cua nd, ma phai tinh
todn cdc gid tri chay cha chiing theo su thay déi theo thdi gian, ¢4 nghia 12 phdi mé phong. Néu
t6c do thay déi theo thai gian cba tin hiéu 16n, thi phai tang s6 budc luong tr hod, nguoc lai, khi
tin hiéu thay déi cham theo thdi gian, thi phai giam s budc lugng tir hod. Khi d6 sai s6 du dodn
s nho, kéo theo gidm s6 bit cho mot mau. Phuong 4n méa hod nhu the dugc goi ia diéu ché xung
ma vi sai tu thich nghi (Adaptive DPCM= ADPCM). Sir dung ADPCM véi 4bit/ méu hay 16¢
do bit 32 Kbit/sec, bao dam chét lugng ti€ng néi nhu PCM 64 Kbit/sec, nhung tdc do bit giam di
cdn mot nira.

Ngay nay, chuin ma hod ADPCM duoc sir dung rong rii dé nén tin hiéu tiéng néi trong cic he
théng Cityphone, hé thng thong tin vi 1€ bao DECT, he thong dién thoai s& Khong day, v.v..

Ngay nay, ciing t6n tai cdc chuin ADPCM véi t6c do bit 40, 24, 16 Kbit/sec (hai trudng hop

sau cho chat luong tiéng néi kém hon ADPCM 32 Kbit/sec).
d). Diéu ché Delta (DM): Diéu ché delta 1a mot trudng hgp clia DPCM, trong d6 méi tir ma chi
¢6 1bit. Day 1a phuong 4n ma hoa don gidn nhit hign c6. Téc do bit R bing tdn 56 14y méw f.
Nhung dé ph6i hop v6i cc he théng c6 tif m bit cao, DM phai tang tin s6 lay méu mot cich
ddng ké. Ching han, véi he thong 32 kénh, tdc do 14y mAu phai ta 50 Mega xung mau/sec. Dé
cai thién cdc nhuge diém clia DM, ngudi ta thuc hién diéu ché€ Delta ty thich nghi (ADM).

Nhu vay, nén tin hi¢u ti€ng néi trén co s& mi hod dya theo hinh dang tin hiéu, trong trutng
hop t6t nhat gidm duge 16¢ do bit di hai, ba 1an. Néu véi cac phuong phép n2y tiép tuc gidm tbc
d0 bit, thi chat lugng tin hiéu tiéng ndi s& giam nghiém trong.

T4t c& cdc phuong phép ma hod dya theo hinh dang tin hiéu vira néu & trén déu don thudn si
dung dic tnmg theo thdi gian cla tin hiéu. Tuy nhién, tén tai ca cdc xu hudng khdc, ching su
dung dac trung theo tdn s@ cla tin hi¢u. Sau day ching ta nghién cifu hai phuong phdp nén tin
hi¢u ti€ng néi trong mién tdn 6.
¢). Ma ho# bang con (Sub-Band Coding- SBC): tin hi¢u ddu vdo dugc chia (duge loc) ra thanh
mot vai bang tn s6 (bang con- sub-band) va tin hiéu trong méi bang con dugc ma hod riéng
biét, chiing han, s&t dung k¥ thuat ADPCM. Trén hinh 2.19 trinh bay so d6 don gian ca k¥ thuét
mi hod bing con, véi viéc chia thanh hai bang con.

Bdi vi méi bang tin con c6 dai thong hep hon (t0ng dai thong clia céc bang con phéi bing dai
thong cia tin hiéu ban ddu), cho nén tdn s6 1y méu trong mdi bang con ciing nhd hon. Két qua,
téng t6c do bit clia 14t ca cdc bang con cling it nhat khong vuot qui t6¢ do bit khi md hoa tin
hiéu ban ddu. Tuy nhién, & k¥ thuat ndy c6 mot vai nhuge diém. Vén dé G chd 12 do nhay coa
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thinh gide con ngudi d6i véi tin hiéu va d6i vai do méo dang ctta chiing 1a khdc nhau & céc doan
tdn s6 khdc nhau,

Do nhay clia thinh gidc dat cuc dai trong dai tdn 1-1,5 kHz va gidm ddn vé cé hai phia (phia
dat t4n cao, ciing nhu dii tin thép so v6i dai nay). Nhur vay, néu véi déi tdn ma d6 nhay ctia thinh
gidc dat cyc dai, thuc hién luong tir hod nhiéu mitc hon S0 v&i dai tdn v hai phia, thi c6 thé giam
duoc t6c do bit. Thuc t& khi thuc hi¢n k¥ thuat ma hod bang con, két qua nhan duge chét lugng
t6t ti€ng néi véi t6c do 16 - 32 Kbit/sec. B¢ mé thuc hién phitc tap hon so véi k¥ thuat ADPCM

BPF T/séng | ADPCM >
Dén
kénh [T
BPF [ T/song ADPCM i
.E Giai ma T/séng || BPF
i, IPhan/ | _ADPCM 1

kenh GidTms XD~

1 _appcm || T/song BPF

Hinh 2.19 So dé don gian ma hoa bang con (2 bang con).

don thudn. Tuy nhién, khong thé mong dgi don gidn hon dé nén hiéu qué tin hiéu tiéng néi.

f). Ma hod bién ddi thich nghi {Adaptive Transformable Coding- ATC): chia cdc miu cia tin
hi¢u nguén thanh cdc khung, méi khung N miu. Sau d6 s¢ lieu trong méi khung duge thie hien
bi€n d6i tuyén tinh 1di rac, ching han, bign déi cosine roi rac, d€ nhan duge céc he s6 phi hop
vi dac tumg phd clia timg khung va duoc luong tif hod. Ky thuat nay rat gisng k¥ thuat nén
JPEG, nhumg duge ing dung véi tin hiéu tiéng néi. Ket qud, nhan duge t6c do bit tir 12- 16
Kbit/sec véi chat lugng ti€ng néi twong duong c4c k¥ thuat khdc. Chudn nén MPEG ip dung cho
tin hiéu audio (phé ca chiing rong hon phd tiéng néi) 14y méi khung N; = 32 mAu, réi thyc hién
DCT nhu chudn JPEG.

Bé ¢6 cic thong tin chi ti& hon vé cdc ma hod theo hinh dang tfn hi¢u ti€ng néi, doc gia c6 thé
tham khéo céc t2i liéu kh4c, ching han [9].

14.3. Céc ma dua trén mo hinh nguén

Khéc biét voi cdc ma dua theo hinh dang tin hi¢u, cic ma dua trén mo hinh ngudn, khi dé tir
tin hi¢u md hod 14y ra thong tin vé cc tham s6 ciia m6 hinh nguén ctia tin hiéu nay. Péng thei,
két qud ciia md hod khong phdi la md cia tin hiéu ma 1a md ciia cdc tham 56 nguén tin hiéu nay.

BO m ngudn d€ ma tin hi¢u tiéng néi duge g0i 1a Vocoder va 1am viee nhu sau:
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Thanh quan duge hinh dung nhr 1a mach lge tuyén tinh vdi cac tham s6 thay déi theo thoi
gian, dugc kich thich bdi hoac ngudn tap &m tring (khi hinh thanh cac phy am), hoic bdi chubi
xung néi ti€p vai chu k¥ clia am cof ban (tone) (khi hinh thanh cdc nguyén am) nhu hinh 2.20.

Mo hinh tuyén tinh cla hé thong ti€ng néi va cdc tham s6 clia né c6 thé tim dugce bang cac kha

ning khic nhau. Dang clia b Vocoder phy thuge vao céc khd nang tim kiém nhu thé.

lXung Chuyén mach Céc tham s6
nguyén/ phu am 5
Kich thich (nguyen/ phu am) l phe
chu ky | Mo hinh | T/néi
\_D—. thanh quan ——»
Tap &m __}
tréng K.dai

Hinh 2.20. M6 hinh ngudn hinh thanh tiéng ndi.

Csc théng tin, ma bd Vocoder nhan duge trong ket quéa phan tich ti€ng n6i va truyén cho bo

gidi md, d6 1a cdc tham s6 clia bg loc thanh qudn, bdng tra nguyéniphy dm, cong sudt cia tin
hiéu kich thich va chu ky cila tone co bdn doi véi cac nguyén dm. Céc tham 56 ndy cdn phai duge
thay d6i trong khoang 10- 20 msec, dé bdo dim cho tinh dong ciia tin hiéu ti€ng néi.
Vocoder, khic véi bo mi theo hinh dang ti€ng néi, ¢6 gng hinh thanh nén tin hi¢u, ma tiéng
kéu nhu tiéng néi nguyén ban, khong chii ¢ dén sy khéc biét cia hinh dang tin hiéu nay véi tin
hi¢u ngudn. Khi d6, t6c do bit & ddu ra thong thudng khong I6n hon 2,4 Kbit/sec, nghia 12 giam
di 15 14n so v6i ADPCM.

Diéng tiéc 12 chat lugng tiéng ndi do Vocoder tao ra rdt xa ly tudng, mic di cdc &m cia né kha
da dang, nhung tuyét doi khong ty nhién. Ngay ca khi chp nhan nang cao t6c do bit, thi thuc &
cing khong nang cao dugc chat lugng ti€ng néi, boi vi dé ma hod di chi ¢6 thé chon mo hinh
don gian cla thanh quan. Kh6 khan dic bigt vé gia thiet ring ti€ng ndi chi gbm nguyén am va
phu 4m, ma khdng ¢6 cac Am trung gian ndo khéc.

Céc vmg dung co ban cha Vocoder tim thdy trong linh viye quan su. ' day, diéu chinh y&u
khong phai 1a chat luong tiéng néi ty nhién, ma 12 mic do nén cao, hay tSc do bit thap, cho phép
bdo dam an toan tin tic khi truyén.

Chiing ta kho st ngén gon co s& mot vai dang Vocoder dé bi¢t.
a). Cac Yocoder kénh

Dang Vocoder dugc biét nhiéu nhit ngay nay da duoc dé cap nr nam 1939. Vocoder ndy sif

dung dac tinh do nhay kém cia thinh gidc con ngudi d6i véi dich pha (thoi gian) khong ddng ké

cia tin higu.
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Déi v6i mdi doan tin hitu ti€ng néi dai 20 - 30 msec nh cic BPF dai hep ma bién do phé cha
no6 dugc xac dinh. 86 b loc cang nhiéu, thi phé cang duge danh gid chinh xdc, nhung cang cin
nhiéu bit hon dé ma ho4 né, tic 1a cang lam tang tdc d¢ bit. Tin hiéu tir ddu ra BPF dugc tich
song, r0i dua qua LPF, sau d6 duge ADC dé bién thanh md nhi phan. Qué trinh nay dugc bidu
dién trén hinh 2.21.

BPF [—» T/séng —»| LPF |— A/D
BPEF > T/séng | LPF —» A/D |
- - Kn h
T/ni | lf.jén én
Tach séng cac xung _) kénh
—
kich thich
Tach song cic
———| ————
nguvén am, phu am

Hinh 2.21. Bo ma hoa Vocoder kénh.
Nhu vay, cic tham s6 bi€n thién chdm ciia thanh quan duge xdc dinh va ngoai ra, nhd bo tich
séng clia Am cd ban va cdc nguyén &m ma chu ky am kich thich co ban va dfu hiéu cla

nguyén/phu am ciing duge xac dinh.

» DAC » LPF , ]
Ngudn ‘E T/éi
44 12p m e*léng hop
DAC » LPF
Keénh | phan B0 120
kénh | | Nguyen/ xung
= phu am F 3
> Chu k¥ xung
kich thich

Hinh 2.22. B6 giai ma Vocoder kénh.

Vocoder kénh ¢6 thé thuc hign trong dang s6, ciling nhwr trong dang tuong ty va bao dam ti¢ng
n6i dv rd rang, khi téc do bit & ddu ra khodng 2,4 Kbit/sec.

B¢ giai m (hinh 2.22) ti€p nhan céc thong tin ma bd ma hod dd gia cong, thuc hién gia cong
chiing theo trinh ty ngugce, téng hop tin hiéu tiéng néi & d4u ra clia nd, sao cho giéng véi tin hiéu
ti€ng néi ban ddu nhat.

Khong nén mong ddi chét lugng t6t clia ti€ng néi duge khoi phuc tir Vocoder nay. Bo Vocoder
kenh dugc sir dung dua trén cdc yéu cdu nghiém khéc, cling nhu he s6 nén cao duge sir dung
trong thong tin quan sy, théng tin vii try, ...
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b). Vocoder ciing hinh (homomorphic)

Gia cong cing hinh (hay d6ng hinh) céc tin hiéu 1a mot trong cdc phuong phdp gia cong phi
tuyén, ma c6 thé duge 4p dung hiéu qua d&i v6i cdce tin hiéu phic tap, ching han, tin hiéu ti€ng
ndi.

Vi sy tinh todn dé sir dung trong Vocoder cila mé hinh hé¢ thng thanh quan, tin hiéu tiéng
néi- s(t) ¢6 thé trinh bay nhu 13 sy xodn (tich chap) theo thdi gian clia ddp tng xung - h(t) cha
thanh quan vdi tin hiéu kich thich ddu vao-x(t):

s(t) = x(0) * h(t) = Tx(;t).h(r - A)dA

Trong mién tdn s6 diéu nay phd hop 14 tich ham truyén dat -H(f) ciia thanh quan va phd tin

hi¢u kich thich dav vao X(f):
S(Y=X()H(f)

Cu6i ciing, néu 14y logarit cha tich nay, thi nhan dugc téng logarit cha pho tin hiéu kich thich
ddu vao va ham truyén dat cha thanh quan. B&i vi tai clia con ngudi thue &€ khong nhay cam véi
dich pha cta tin hiéu, nén c6 thé chi sir dung phé bién d6:

Lg(S(N) = Le(X(N) + Le(H ()
& day: S(f) =|S(f)je’*"’ - phé tin hieu tieng n6i: X(f) =|X()}e'®”’ - phd tin higu kich
thich ddu vao; H(f) = |H f )|.e:'el.f'l - ham truyén dat ciia thanh quan.

N&u bay gid chiing ta thuc hién bién d6i Fourier ngugc d6i véi Lg(|S( f )| , lifc Ia:

Le(s(t) ) = FT ' [Lg(S(/ )], thi ching ta nhan duoc céi goi 1a kép ciia tin hiu.

Céc tham s& bo loc thanh quén thay déi theo thdi gian wong d6i cham (phé clia chiing nim &
ving tdn s6 thap - LF), trong khi d6 tin hi¢u kich thich 12 ham bi€n thién nhanh theo thdi gian
(phS clia né tap trung & ving t4n s& cao - HF). Bdi vay trong kép cia tin hidu tiéng néi, cic
thanh phdn nay c6 thé duge tich ra (hinh 2.23), va ¢6 thé duoc mi hod riéng bigt

Lg(S()

Hinh 2.23. Dang kép cua tin hiéu.
So d8 mé hod/giai ma Vocoder cdng hinh cia tin hi¢u ti€ng ndi trinh bay trén hinh 2.24. Trong
d6: FFT- phép bi€n ddi Fourier 15i rac nhanh thuan; con FFT'- phép bién déi Fourier rdi rac
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nhanh nguge; LOG- phép 1dy logarit; EXP- phép 14y ham mil. Thuc tién nhan thay ring véi viée
sir dung n6 c6 thé nhan dugce t6c do bit khoang 4Kbit/sec.

M4 hoa

hi 1T
— FFT LOG FFT! X
FFT » EXP » FFT! —¢
Céc tham s& Xoin [—
kich thich Mdy phat 4
kich thich
Giai ma

Hinh 2.24. B6 ma hod/giai ma Vocoder cling hinh.
¢). Yocoder dua theo giong néi

Nhur da nhan x€t tru6e day, thong tin oo ban vé tin higu tiéng néi duge chita dung trong vi tri
vi bé rong phd clia cdc thanh phin giong néi (formant) cita né. Néu véi viéc xdc dinh chinh x4c
cao va mi hod cdc tham s6 clia giong ndi ndy, két qua c6 thé nhan duge t6c do bit it thap - dusi
1 Kbit/sec. Nhumg thyc hi¢n diéu niy rat kh6 khan, vi cdc Vocoder dua theo giong néi hién gity
khong thdy phé bién rong rii.

d). Céc Vocoder ma hod du dodn tuyén tinh (LPC)

Céc Vocoder dua trén cd s& du dodn tuyén tinh ciing sit dung mo hinh thanh quan, Diéu khéc
biét ciia chiing- d6 1a phuong phdp xdc dinh cdc tham s6 mo hinh thanh quan. Ma hod du dodn
tuy€n tinh- LPC gi# thiét thanh quan 1a b loc toan cuc (1 rac) véi ham truyén dat;

G 1

trong d6 mdi mu hién thoi cba tin hiéu c6 thé nhan dugce theo 18 hop tuyén tinh ciia mot 88 méu

p
trude dé: 5, = Za,. S,

=1
Trong cdc Vocoder trén co s& LPC, tin hiéu tiéng néi duge phan ra thanh cic doan, mbi doan
dai khoang 20 msec. Céc h¢ s6 du dodn tuyén tinh a, duge xdc dinh trong méi doan. Cong dung
ciia bd dy dodn 13 loai bd sir twong quan gitta cdc méu tin hiéu 1an c4n nhau, cdn sy tuong quan
Jau vé thdi gian ciia tin hi¢u duoc biéu hién 15 rét hon nhiéu, diéu nay cho phép x4c dinh chinh
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Botaonhiéu | Chuyén mach

trang | nguyén/phu am
Tin higu ti€ng
Loc LPC }—»

noi nhin tao

B& tao chudi __j
xung G
+
|
Chu ky am co a). Bo tao tin hiéu tiéng néi nhén tao
ban f o
B tao tn hen | s
5 tao tin hiéu n
kich thich Loe-LPC
h
Bo gﬂlal 5
ma Céc tham s6 bd loc
g =3
g &
L v m
b). Bo téng hgp tin 2 B
e o=

hiéu tiéng néi
Hinh 2.25. So d6 khoi Vocoder trén co s¢ LPC.

x4c tdn s6 clia Am co ban f, va tdch duge cdc ddu hiéu cha nguyén/phu am. Tdn s6'dm co bdn f;,
cdc ddau hiéu cda nguyén/phy am, hé 56 khuéch dai G, cdc hé s6 du dodn a; dugc ligng 1 hod,
mé hod va truyén dén phia thu. O phia thu cdc tham s& nay duge gidi mi. O day céc miu clia tin
hi¢u kich thich dugc tdng hgp lai, réi truyén qua b0 loc-LP. P4u ra bo loc nhan duge danh gid
mdu tin hieu ti€ng n6i 5, . Céc miu nay duge cho qua mach loc thong thdp LPF, dé khéi phuc
lai ti€ng néi. So dé bd téng hop tin hiéu ti€ng néi nhu hinh 2.25b.

Ngay nay cdc Vocoder trén ¢o s& LPC duge sir dung rong rai nhat, boi vi tdt ca déu sir dung
m6 hinh bo loc thanh quan, ching 1am viéc rat 5t V6i chit luong ti€ng ndéi khong tdi, cdc
‘Vocoder trén co s& LPC cho t8¢ do bit dén 2,4 Kbit/sec.
14.4. C4c phuong phép lai ghép ma hoa tin hi¢u tiéng néi

Cic phuong phdp mi hod tin hiéu ti€ng néi lai ghép, hoic 16 hop, chita ddy trong chiing nhimg
chd phan cédch giita cdc md dua theo hinh ddng tin hiéu, trong dé hoan toan khong dé€m xia dén

tinh ty nhién cha tin hiéu ti€ng néi, va cdc md dua trén mé hinh nguén, wong d6 d€ mi hod
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khong phai tin hiéu, ma 1a cdc tham s6 ctia mé hinh nguén phat sinh ti€ng néi. Nhu da nhan xét
trude day, cdc ma hod dua theo hinh dédng tin hiéu c6 thé bao dam chat luong ti€ng néi t6t, khi
t6c do bit 16 Kbit/sec, nhung néi chung khong thé thap hon; trong khi d6 cdc Vocoder bao dam
gia cong ti€ng néi véi t6c do bit 2,4 Kbit/sec va thap hon, nhung khong thé bao dam chat lugng
ti€ng néi, di véi tée do bit bat ky.

Ngay nay phé bién nhat 1a céc phuong phdp ma hod lai ghép lam viéc trong mién thoi gian (tirc
1a v6i tin hiéu, chir khong phéi v6i phé, ciing nhur vé6i bét ky cdc bien déi tuyén tinh nao khéc ctia
n6), dugc dua trén si phan tich tin hiéu qua téng hop né (Analysis-by-Synthesis) - dugc goi 1a bo
mé- AbS. Cic b6 mi nay, ciing nhu cdc Vocoder, sir dung m6 hinh thanh quan, nhung c6 mot
vai diém khdc- viéc lua chon tin hiéu kich thich phdi bdo dam sy trang 16t nhdt ciia tin hiéu téng
hop trén co so ciia tin hiéu tiéng néi ban dau.

Cdc ma AbS da duge dé cap 1an ddu tién céch day khong lau- vao nam 1982 va trong dang déu
tién dugc goi la cic ma MPE (Multi-Pulse Excited- ma ho4 dugc kich thich nhiéu xung). Sau
nay hoan thién hon véi tén goi cic ma RPE (Regular- Pulse Excited - ma hod duoc kich thich
xung déu dan) va cic ma CELP (Codebook Excited Linear Predictive- du dodn tuyén tinh duoc
kich thich bdi quyén sich ma). Ngay nay t6n tai ca nhimg dang khéc cua ching, nhung tat ca
ching déu dua trén y tudng chung.

a). Cac ma RELP

Dé hiéu duoc dua trén nhiing cd s6 nao ma cdc ma AbS c6 hiéu qua va c6 chat lugng, trudc hét
ching ta hdy nghién ctru nguyén tic lam viéc cia bé md RELP (Residual Excited Linear
Prediction- ma ho4 du dodn tuyén tinh duoc kich thich phan du).

Néu tin hi¢u ti€ng néi ¢6 phé nhu hinh 2.26a cho qua bo du don tuyén tinh ¢6 dic trung tdn
s6 nhu hinh 2.26b, dac trung tdn s6 ndy ngugc véi dic trung phé cia tin hicu ti€ng néi (theo
nghia tich ciia hai dac trung tan s6 la hing s6 theo tn s6), thi twong quan gilta cdc méu cia tin
hi¢u du ra (cdc sai s6 du dodn) s& gidm ddng ké. Néu bo du dodn da duge thuc hién du tét, thi &
dau ra dy dodn thyc t€ s& 1a tap am tréng‘ v6i phd phéng déu, nhu hinh 2.26¢.

Tin hiéu hiéu Loc - LPC

Bol U
s, 2 10C ngugc e 1 Sn
il 140 ’
a b 8 d e

Hinh 2.26. Qua trinh xit Iy tin hiéu ciia ma RELP
109



Co sd 1§ thuyét truyén tin

Trong hinh 2.26: s, = c4c miu coa tin hiéu tiéng ndi, n = 0, 1,..., N-1; 1/A(z) - ham truyén cua
bo loc du dodn tuyén tinh.

r
e, =35, — Za,. .8,_, - sai léch gilta mau hién thoi vdi t6 hop tuy€n tinh clia mot vai méu trude
i=1

d6, goi Ia mau du dodn, cdn e, goi 12 tin hiéu hiéu. Cic he s6 4, duge lua chon d€ 16i thi€u hod
trung binh binh phuong sai léch nay.

Tap Am tring (sai iéch cia du dodn) nay mang thong tin vé tin hiéu ti€ng ndi duge ma hod, néu
lai cho n6 di qua bo loc- LPC (ma hod dy dodn tuyén tinh) véi dac trung tdn s6 nhu hinh 2.26d
(nhu dac tnmg phé cla tin hiéw tiéng néi dem ma hod), thi & ddu ra ching ta khoi phuc chinh
x4c¢ tuyét d6i tin hieu ti€ng néi ban ddu. Bdi vi thong tin vé sai léch dy dodn c6 phé phan be gan
nhu bing phing, tir d6 niy sinh ¥ tudng ma hod va truyén chi mot ﬁhﬁn nho clia phé sai léch du
dodn E(f), va khoi phuc phdn cdn lai trong gidi ma.

Trong c4c ma RELP céc tin hiéu sai léch dy dodn duoc truyén qua b loc thong thip (LPF),
v6i tdn s6 cit khoang | kHz, tin hiéu & ddu ra mach loc dugec md hod theo dang, chang han,
DPCM. Khi gidi ma c4c sai léch dy doan duge khoi phuyc bang cdch dit nd vao viing tin s xa so
vét dai thong cia LPF khi ma héa.

Bo mi RELP s& lam viéc 1y tuong, n€u trong qud trinh du dodn tuyén tinh chiing ta nhan dugc
tap am tring. Tuy nhién, vi t6n tai trong tin hiéu tiéng néi céc thanh phén giong néi gid chu k¥,
bd du dodn tuyén tinh khong c6 thé gat bd sy tuong quan dai han v6i chu k¥ céia am co ban
giong ndi va ching rd rang ¢6 mit trong phd cia tin hi¢u sai l¢ch dy dodn. Néu bay giv, ching
ta dua E(f) qua LPF thi c4c thanh phédn giong ndi cao tdn s& bi gat bd va sau ndy khong thé khoi
phuc duge chiing.

Cac bd mi RELP cho phép nhan duge chét lugng tigng néi kha t6t, khi téc do bit 9,6 Kbit/sec.
Tuy nhién, trong mot chimg myc nao ddy, & ching mang cdc nhuge diém cla Vocoder - d6 1a
tiéng ndi ducge khoi phuc mang dic tnmg téng hop.

b). Nguyén Iy chung cAc ma dua trén AbS

Céc ma AbS lam viéc nhu sau. Tin hiéu ddu vao dé ma hod (dd & dang s6, trong dang dong cdc
miu) deoc phan chia ra thinh nhing doan dai khoang 20 msec, trong khoang nay thi dic tinh
clia tin hiéu thay déi khong ding k€. Cic tham s6 cila bo loc dé tong hop (tuong ty nhu thanh
quén) duge x4c dinh trong mdi doan nay va ti€p theo tin hi¢u kich thich duge hinh thanh, ma san
d6 dua né qua bo loc d€ t6ng hop, sai léch -e(n), giita tin hieu ddu vao -s(n) v6i tin higu duge
téng hop S(n) s& duge 1am cyc tiéu.

Nhu vy, cong dung clia phutong phdp Analysis-by-Synthesis bao gom b md véi thay thé
phdn tich tin hiéu néng néi ddu vao bdng triec 1iép tong hop tdp tin hiéu gdn ding vdi né. Két

qué cudi cling bo ma hod truyén cho b gidi ma cdc thong tin 14 6 hop ciu cdc tham s6 chay
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cia mach loc dé téng hop va théng tin cua tin hiéu kich thich. Mong mu6n rang céc s6 liu nay
1a it nhat. Bo giai ma theo cdc tham s6 nay s& khoi phuc lai tin hiéu dem ma hod, hon nita né m
viec ndy ciing giong nhu bo mi hod di lam trong qua trinh AbS, Sur khde biet giita cac bd mi
AbS khac nhau & chd: tin higu kich thich cia bé loc dé'tong hop u(n) dwge hinh thanh trong moi

chiing niue thé nao.

s(n)
(n) . Cédc mu tin hiéu
Bb tao tin | Bolocdé 3) ti€ng noi
hiéu kich thich tong hop
A e(n)
. ey (h) P
Cuc ticu céic |, BPanh gia cdc
. - . _—"
sal léch sal léch
a) M3 héa
- (s u(n) §(n)
B6 tao tin hiéu Bo loc dé
-—._’. 0 v 3 :
kich thich téng hop .
; Tin hiéu tiéng noi
b) Gidi ma dugc khoi phuc

Hinh 2.27. So d6 ma hoa/giai ma trén co sé AbS

V& mit ly thuyét & ddu vio ciia b6 loc dé téng hop phai dua mot s6 luong vo cling 16n céc tin
hiéu kich thich khdc nhau, dé quan sdt thdy tin hi¢u nao s& nhan dwoc & diu ra ctia nd va so sinh
1o vdi tin hiéu dem ma hoa. Tin hi¢u kich thich ndo dua ra duge sai léch d4nh gi4 giifa tin hiéu
tiéng néi ddu vao va tin higu tiéng néi duge tong hop 1 cyc tiéy sé dugc chon lam két qua dem
ma hod. C6 mot so d6 vong dé xdc dinh tin hiéu kich thich (hinh 2.27) va bio dam cho b6 mi
ADbS ¢6 chit luong ti€ng néi dem ma hod cao, trong khi t&c do bit thap.

Vin dé con & cho 12 phai thuc hién mot khoi lugng 16n céc todn tir tinh todn, dé chon ra duge
tin hi¢u kich thich t6t nhét. Ngay nay, nhe kha nang tinh todn cuc nhanh clla cdce bo xir Iy tin
hiéu s6 (DSP), bai todn nay hoan toin duoe giai quyét.
¢). Cac ma MPE (ma ho4 dwec kich thich nhiée xung)

Nhu di néi, khi dua tin hiéu tiéng néi qua bo loc dé dy dodn, thi sy twong quan giita cdc méu
lan can nhau dugc giam ddng ké. Tuy nhién, d6i véi cde nguyen am (hiru thanh) sw ¢6 mit coa
cdc thanh phén giong néi din dén 1am xu4t hien trong tin hi¢u ti€ng néi s gia chu ky va su
tuong quan dai han cao. Su gia chu ky ndy khong bj Ioai bd bdi bo duy dodn teyén tinh va din
dén 1am xudt hién trong 1in hiéu sai léch du dodn & chd ket ndi ¢6 bién do cao.

DX loai bd twong quan dai han, 6 thé dua tin hi¢u sai lech du dodn qua bo di dodn tuyén tinh
thit hai. B du dodn tuyén tinh nay cdn phai loai bo tuong quan khong phai gilta cdc mdu lan c4n
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cha tin hiéu ti€éng néi, ma 13 gitta cdc chu ky 1an can coa sai léch dy doan. Pidu nay dat ducc
biing qui dinh giif cham thdi gian trong bo dy dodn theo tri s6 chu ky am co ban cua tin hiéu
ti€ng ndi véi tri so:

p(2)=1-3 .27

& day M- chu k¥ ciia 4m co ban.
Trong hinh 2.28 biéu dién: a). tin hiéu ti€ng néi ban déu, b). tin hi¢u sai léch clia bo dy doan
tuyén tinh ngén han (duge m& rong ra 3 14n), c). tin higu & ddu ra clia bo du dodn hai tang {ngan

han + dai han) (dugc mé rong ra 10 lan).

Hinh 2.28. Cic tin hiéu sai l¢ch du doén.

Néu bay gids 14y két qua tin hiéu sai léch du dodn 1am tin hiéu kich thich cho bo loc du dodn
ngén han va dai han x4u chudi hai tdng, thi & ddu ra ca né ching ta nhdn duoc tin hi¢u ti€ng néi
ban ddu khong bi méo. Nhur vy, di co th€ ma hod va truyén theo kénh tin hiéu sai léch dy dodn
nhan duge va diéu ndy ciing bao dam tinh kinh 1€ vi di giam nhé bién do cia né so vdi tin hicu
ti€ng néi ban ddu. Tuy nhién, dang tin hi¢u trong hinh 2.28¢) con khd phiic tap, dé ma hod vin
ddi hdi phai sir dung nhiéu bit.

Trong cdc ma MPE, sir dung lam tin hiéu kich thich u(n) khong phai 12 tin hi¢u sai léch dy
do4n (hinh 2.28¢), ma don gian 1 chudi noi tiép ngdn nx bon dén sdu xung. Vi i thoi gian va
bien d6 ciia chudi xung duoe xdc dinh trong qud trinh clia thd tuc phan tich qua 16ng hop (AbS),
cho dé&n khi nhan dwoge sai 1éch cyc tiéu giifa tin hiéu tiéng néi ban ddu va tin hiéu ti€ng néi téng
hop. Céc tham s6 ciia c4c xung kich thich, dé cyc tiéu hod sai l¢ch, duoc chon lien ti€p nhau, bit
ddu ur xung thi nhét, 16i dén xung thif hai, va v.v...

Trong thuc tién qui dinh vj tri clla cdc xung(sai lech vi tri A, =, ~£ |} phi du chinh xéc

vao khodng lusec, do chinh xdc bien do (sai léch bién do Au, =

s, —5,1) dén 5% (4c 1/20

cha bién do), diu nay s& bao dam t6t chat luong ti€ng ndi tong hop khi t6¢ do bit khoang 10
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Kbit/sec. D6i v6i mdi doan tin hiéu tiéng néi dai 20 msec s& sir dung 6 xung kich thich, vi tri
mdi xung v6i do chinh xdc 1 msec =1/20 do dai coa doan = 5 bit/xung; bién do xung véi do
chinh xdc dén 5% = 5 bit/ xung; két qua nhan duoc t6c do ma cyc tidu clia tin hiéu kich thich =
6 x 10 = 60 bit/20 msec. Ngoai ra, cdn phai b sung vac mé& cac tham s6 clia bo loc du dodn
ngén han va dii han d6i v6i méi doan di cho, chdng han 80 - 100 bit/20 msec, két qua nhan
dugc tdc do bit 160bit/20 msec = 8Kbit/sec.

d). Cac ma RPE (ma hoa duoc kich thich céc xung déu din)

Cling nhv cdc md MPE, cdc md RPE (Coding Excited Pulse Regular) sir dung b6 ¢ djnh cdc
xung ngin 1am tin hiéu kich thich u(n). Tuy nhién, trong bo ma nay cdc xung duge phan bs déu
dan, gifa xung nay va xung kia, trén nhimg khodng cdch nhu nhau va chi cén thiét xac dinh vi tri
cta xung dau tién va bién 4o chia tit ¢ cdc xung. Nhu vy, chi can truyén cho 1 giai mi thong
tin 6i thi€u vé v trf cia xung, hon nita, trong tin hiéu kich thich c6 thé bao gbm s& luong 16n
cdc xung, tir 6 nhan dugc sy gin ding t6t nhat giia tin hiéu téng hop v& tin hiéu ban dau.
Chéng han, néu t6c do bit 10Kbit/sec, thi bo mé MPE sir dung tin hiéu 4 xung kich thich, trong
khi d6 bd ma RPE sir dung tin hiéu 10 xung kich thich, dong thdi nhan duoe chat luong tiéng néi
cao hon.

Phuong phdp kich thich xung déu din RPE, ngay ndy dugc su dung réng rd., chdng han, trong
hé thong thong tin GSM.

e). Cac ma CELP (B ma duge kich thich dv dosn teyén tinh)

Cdc phuong phdp ma hod tin hiéu ti€ng n6i MPE va RPE bao dim tét chat lugng tiéng néi véi
téc do bit khodng 10Kbit/sec va cao hon, nhumg bt ddu méo tin hi¢u manh khi t6c do bit thap
hon. Van d€ & chd dé miéu ta duce cdc tham s cén thiét ciia tin hiéu kich thich nhu vi tri thori
gian, bien d¢ cdc xung véi do chinh xdc yéu c4u cin mot s6 bit 16n.

Lién quan dén diée ndy da dua ra phuong phép dé sir dung 1am tin hiéu kich thich khong phai
[a chudi xung n6i tiép véi bo cdc tham s6 da cho, ma I tr vién (quyén sach md) dang duoc
chudn bi ddc biét va miéu 1d sdn luu tri7 trong thiét bi nhé lam tin hiéu kich thich vdi cde dang
kidc nhau- Codebook Excited Linear Prediction (CELP). Thuét todn CELP duge xdy dung boi
M.K.Schroeder va B.S.Atal viio nim 1984, dua trén ba ¥ tudng sau:

1) Sir dung mo hinh dy béo tuyén tinh (LP) 1am m6 hinh ciia thanh quan;

2) Sirdung cdc quyén sdch ma thich nghi (adaptive) va c6 dinh (fixed) nhu 12 b6 kich thich
xung ddu vao clia mé hinh LP;

3) Thuyc hién vdng phan héi kin dé dénh gid va thu hep sai lech trong xit y.

a). Gidi md cua thudt todgn CELP
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Trude khi nghién ciu ma héa thuat toan CELP, ching ta hily bat ddu béng vigc nghién ciu giai
mi thuat toidn CELP. Trén hinh 2.29 miéu ta so d6 kh6i bo giai ma CELP tng quit.

Tin hi¢u kich thich 13 tdng clia hai tin higu dugc sinh ra tir quyén séch ma taich nghi va quyén
sach méa cd dinh:

e[n]=e [n]+e,[n]
& diy e, [n] la thanh phén tin hiéu clia quyén sdch ma thich nghi, con e, [n] 14 thanh phén tin
hiéu cia quyén sich mi c& dinh.

Bo loc téng hop 1a bo loc toan cyc ¢é ham truyén dang 1/A(z), trong dé A(z) 1a ham truyén
ctia bo loc du dodn tuyén tinh xay dung theo thuat todn Levinson-Durbin. NG khéd phit hop voi
mo hinh thanh quan va dé tinh todn.

Cac ma CELP chon méi khung dai 20 msec, bao gém 160 méu (méi miu bao gém 10 xung).
M&i khung duoc chia thanh 4 khung con, bao gédm 40 miu va duge ma héa lien ti€p. Trong hdu

hét cic mé hinh chi ¢é cdc tham s6 bo loc d€ téng hop va he s6 khuéch dai la duge ma héa trong
khung chinh, cdc tham s& ¢dn lai duge ma héa trong cdc khung con.

Quy#n séch mi
o8 djnh

Khuéch da1

>

B0 loc d8 tdng hop

1

T higu
Weh thich 1/A(Z)
e[n}_’ .
Quyén sfich mi /1/\_,\

thich nghi

Khusch dai

e[n-T] >[>
T_i Giltchdim |8

Khung con qué khit
Hinh 2.29. So dé bo giai ma CELP tong quat.

i14



Chuong 2: Cic ma kinh t&

M6t phuong dn cfia CELP sit dung dy dodn ba bude. Vi the thanh phan tin hiéu ddu ra cia

quyén sich mé thich nghi duoe xsc dinh:
e.ln]= gﬂe[n—T—1]+ geln-T]+ g.eln-T +1]

trong d6: g4, £, vA g, 14 cdc hé s6 khuéch dai budc; T- thai gian giit cham.,
B). Ma héa cia thudf todn CELP

Nguyen 1y chinh ctta thuat todn CELP dugc goi 1a phdn tich bdng téng hop ( AbS) ¢6 nghia Ia
qua trinh md héa duge hinh thanh nhy qué trinh phdn tich dé x4c dinh céc tham s toi wu réi
truyén cho qu4 trinh giai ma.
Dé bao dam qu4 trinh m3 héa theo thei gian thyc, thuat todn da sir dung cde ngudn tinh todn hitu
han. Mét phuong an ciia CELP sir dung 4 budc sau:
1) Phép phan tich dy dodn tuyén tinh dugc sir dung dé xdc dinh cdc tham s6 bo loc tdng hop;
2) He s6 khuéch dai va ddu vao ciia quyén sdch ma thich nghi duge xidc dinh t6i vu nhe thi tuc
AbS;
3) He s6 khuéch dai clia quyén séch mi c6 dinh duge x4c dinh theo kiéu mach vong hd cin ci
vao bién d6 cia tin hiéun kich thich;
4) Pdu vao clia quyén sdch ma ¢6 dinh duge xdc dinh t6i vu nhé thii tuc AbS,

Sai léch giifa tin hiéu ddu ra bo loc t6ng hop véi mau hi¢n théi cla tin hidu .iéng néi duge dinh
nghia biang Adm r;'gr}g 56"

AGly)

= Lerr)
& day: A(z)- ham truyén ciia bo loc du dodn tuyén tinh; con ¥1 va y, tham s6 diéu khién hinh
dang cta b6 loc birg cdch dich chuyén diém cuc va diém khong v€ tam vong tron don vi clia
bién d6i z. Vong diéu khién kin s& dua him trong s6 vé cuc tiéu.

Tir 160 méu duge chudn bi sin trong vong 20 msec dem so sdnh véi 16 méu tin higu tiéng néi
(tin hiéu ti€ng néi duge 14y miu 10 msec), dé phan tich tim ra cdc tham s6 t6i wu dudi day.

Khi d6 két qui demn ma hod khong phai 1a cc tham & cita cdc xung kich thich, ma la:

- Chi s8 cdc mdu tin hi¢u kich thich cla quyén sach ma thich nghi va ¢6 dinh;
- C4c hé s6 khuéch dai;
- Céc h¢ 58 cia bo loc du dodn tuyén tinh,

Bai v6i CELP céc thi tuc tinh todn doi hdi mot khoi luong rat 16n céc phép todn, bdi vay dé
CELP tr& thanh hién thyc chi trong nhitng ndm gdn day, nhd cdc by xit Iy tin hiéu s8 chuyén
dung (DSP) vdi t6c do tinh todn khoang 300 triéu lenh/sec (tdn s& xung clock hon 1,2GHz) va
hon.
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M3 hod tin hiéu tiéng néi trén co sd cla thuat toidn CELP dugce sir dung trong hé théng truyén
tin hien dai dat 1c do bit tir 16 dén 4,8 Kbit/sec. Khi t6c d¢ bit 16 Kbit/sec CELP cho chit
Juong tiéng néi nhir PCM 64 Kbit/sec, con v6i tdc do bit 4,8 Kbit/sec nhu RPE - GSM 13
Kbit/sec.

Ngay nay, tén tai cdc phién ban cai ti€n, nang cdp trén co s6 CELP nhw EVRC (Enhanced
Variable Rate Codec - Bo ma ho4 t6c d6 thay doi nang cao), ARM (Adaptive Multi Rate - Bo
ma hoé nhiéu t8¢ d6 thich nghi), ACELP (Algebraic CELP - Quyén sdch md duge kich thich dy
bdo tuyén tinh theo dai s6). C4c bo ma nay dugce sir dung hiéu qua trong thong tin di dong th& he
3. Céc md trén co s& ACELP ciing duge sir dung trong cong nghé VolP(Voice over Internet
Protocol) — phuong phép truyén tin hiéu ti€ng ndi theo goi.

Sau day, chung ta din ra bang ddnh gi4 chét lugng tigng noi, (bang 19), khi ma héa/giai ma
theo céc phuong phdp khdc nhau, theo nguyén tic diém trung binh clia s6 ngudi duge hoi ¥ kién.
Diém chat lvong cho theo thang 5. Nam diém 12 chat lugng 1y tudng, mot diém la chit luong cue
tSi.

LP-CELP: Low delay- CELP - phuong phip CELP d¢ tré thdp ;

CS-ACELP: Conjugate Structure — ACELP - phuong phdp ACELP cdu triic ghép doi;

MP-MLQ: muitipulse-multlevel quatization — lugng tir héa da xung - da muc.

Bang 19. Piém danh gid chat lugng tiéng néi cia ITU-T CODEC

Phuong php nén Téc d’O bit R Kich thudc méu Ts Diém trung binh
(Kbit/sec) (msec)
G.711 PCM 64 0,125 4,1
G.726 ADPCM 32 0,125 3,85
G.728 LD-CELP 15 0,625 3,61
G.729 CS-ACELP 8 10 3,92
(.729a C5-ACELP 8 10 3,70
G.723.1 MP-MLQ 6,3 30 3.5
G.723.1 ACELP 53 30 3,61




CHUONG 3

CAC MA CHONG NHIEU
(Cdc mi kénh)

1. KHAI NIEM CHUNG

Trong chuong 2, ching ta da nghién citu cic md kink té'(cling goi 1a cic md hod nguoR), muc
dich ctia chiing 12 bi€n d6i cdc tin tiic nguén dé tao ra cdc bin mi c6 d¢ du thira i6i thiu (hay &
dang nén chat) duogc sir dyng khi hru giit, ciing nthu khi truyén tin. Trong chuong nay, ching ta
s€ nghi€n ciu cdc md chong nhiéu (hay con goi 12 cic md kénh).

Nhur da chitg minh trong chuong 1, khi truyén tin theo kénh lién luc cé nhidu, thi cé met phdn
lugng théng tin s& bi mdt mdt trén kénh, vi the trong s6 liéu thu s€ phdt sinh 16i. Néu s6 lugng 161
nhu thé ¢6 gid tri nhé, hoac chiing phat sinh dii thua thét, thi thong tin c6 thé duge sir dung. Tuy
nhién, khi s lugng 181 16n, théng tin nhan duge khong di dé tin cay dé sir dung. DE gidm niié s6°
luong I6 phét sinh khi truyén thong tin qua kénh c6 nhi€u, nguoi ta sit dung ma chong nhiéu
(hay con goi mi kénh). M4 chéng nhiéu phéi ¢é hai chic nang: phdr hién I6i va manh hon 12 siia
16 khi giai ma.

T6n tai hai ki thuat sita 16i chinh sau day:

*  Yéu ciu lap lai tu dong (Automatic Repeat Request - ARQ);
®  Sira 18i phia trugc (Forward Error Correction - FEQC).

Chuing ta s& nghién ctu cdc k§ thuat nay & cic muc sau.

Kha ning sit dung ma hod ¢€ giam nho s§ luong 18i khi truyén tin qua kénh c6 nhidu da duoc
chitmg minh bang 1y thuyét bdi C.Shannon. Vio nam 1948 trong bai bdo "Ly thuyét todn hoc clia
truyén tin", 6ng da khing dinh néi 1o d¢ sdn sinh tin (ndng sudt) cia nguén khong vuor khoi

khd ndng thong qua ciia kénh truyén, thi bang md hod/gidi md phi hap ¢ thé gidm xdc sudt 16i
trén kénh dén khong.

Tuy nhién, phai thdy ring thyc tién han ché t6c d6 truyén tin khong phai 1a kha nang thong
qua cua keénh truyén, ma chinh la d¢ phic tap cua sd d6 mé hod va gidi ma. Vi vay, moi c6 gang
trong nghién citu, ché tao trong hai muoi nam trd lai day la tim ki€m cdc bs ma hieu qua c6 kha
néng thire hién trong thuc tién cdc so dé mi hod va gidt ma, ma ching theo cic dic tinh cia
minh ti€n gin dén dir dodn 1y thuyét.

2. CAC NGUYEN LY CO BAN XAY DUNG MA CHONG NHIEU. PHAN LOAI MA
CHONG NHIEU

Ma hod v6i chite nang phat hien 16i va stra 16i 13 phuong phdp gia céng tin titc dé ndng cao do

tn cdy cia viée truyén tin theo kénh s6. Mac dil cée so dé md hod rat khdc nhau va dua trén cdc

1y thuyét todn hoc khic nhau, nhimg tat ca ching déu dua trén hai nguyén Iy chung:
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Thit nhat - st dung dé du thira. Chudi ky hidu mi hod luén luén chifa dung cdc ky hiéu bo
sung, hay du thira, tdc 12 s& luong cdc ky hiéu trong chubi ma v luén luén ion hon sé& lugng ky
hiéu mang thong tin chita trong no.

Thit hai - ddc tinit trung binh, ¢ nghia 1a cdc ky hiéu dir thira khong phdt sinh ngau nhién, ma
phu thude vio mot vai ky hiéu mang thong tin. Nhir vay, thong tin chita dung trong chudi ma vV
duge phéan phdi lai ca trong cic ky hiéu du thira.

Hien t6n tai hai 16p ma - md khéi va md xodn (lién tuc). Sy phan biét gita ching thudng can
cit viio c6 hay khong c6 bé nhé trong so d6 ma hod.

M3 Khéi duge hinh thanh nhu sau: tir chudi bit X cua tin tic (& dang nhi phan) cé d¢ dai bt
k¥ (nhung hiru han), duge phan chia ra thanh céc khéi, méi khéi bao gém k bit (k¥ hi¢u) thong
tin; & kKhéi cudi cling, néu khong dii k bit théng tin, né s& duge b6 sung thém mot s6 ky hiéu
dang 1 0 0..., dé du & thanh khéi ¢6 k ky hiéu, sau khi giai ma cdc ky hiéu nay bi loai bé di.

Quad trinh m3 hod s& bién déi khdi 6 k bit théng tin thanh ra khdéi ¢6 n k¥ hiéu ma, duge goi 12
mot ti¥ md vai ma kh6i duge ky hiéu M(n, k). Trong mdi khoi s6 ky hiéu du thira k¥ hiéu la r va
duge xdc dinh r = n - k, hodc 12 n = k + r. Chifc ndng cia cdc déu die thira 1d dé’ bdo ddm khd
ndng phdt hién 16i va manh hon dé sita 16i trong qud trinh giai ma. RS rang, s& lugng cic ky
hiéu du thira r cang nhiéu thi khi nang phat hién 15i va sira 16 cang manh, tuy nhién hiéu qua
truyén tin clia khéi cing kém. Vi vay, mot xu hudng quan trong ciia mé chéng nhiéu 1a tim kiém
cdc bo mi c6 kha nang sfta duge nhiéu 161 nhét voi it ky hiéu du thira nhdt, duge goi la bod ma
hiéun qua.

Nhu vay, tir k bit thong tin ctia mi kh6i hinh thanh nén 2* kha nang, hay 2 tir ma & ddu ra clia
b6 ma hod, mbi tr ma dai n = k + r ky hiéu.

Thugt ngit "khéng cé nhé " chi ra ring trong méi khéi dai n ky hiéu ma, thi cdc ky hiéu du thita
r ciia khét chi phu thuge vao chinh k bit théng tin trong khéi ma dé, ma khong phy thudc vao
cdc bit thong tin cia cdc khoi md nao khdac.

Tuy theo thuat todn ma hod dé phdt sinh cdc ky hi¢u du thira r tir k bit thong tin, ma ching ta
c6 cdc loai mi khéi khdc nhau. Chiing ta c6 thé ké ra cdc loai ma kh6i theo trinh ty tir don gidn
dén phc tap nhu sau:

¢ Ma khoi tuyén tinh;
o  Mid Cyclic (CRC);
¢ M3 Bose- Chaudhuri- Hocquenghem (BCH),
+ Mai Reed- Solomon (RS).
Khi phén tich ma kh6i thudng cén phai sir dung mot vai dinh nghia sau:
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- Trong s6 Hamming ctia mét tir ma nhi phan a, thuong ky hiéu w(w,), 12 s6 luong ky hiéu 1
¢6 trong tir m3 d6. Ching han, chiing ta c6 tit ma o; = 1000101, trong s6 Hamming ctia tir ma
duoc xdc dinh wie,) = 3.

- Khodng cdch Hamming gitta hai tir mi o, oy (c6 do dai déu), thudng ky higu d(o.cy), 12 s6
lugng vj tri tuong tng ma tai d6 chang c6 gid tri khdc nhau. Chéng han, o =1010011, o
=1000101, khoang cdch Hamming giita hai tir ma duge x4c dinh d(o,) = 3. Tir day, ching ta
6 d(en,04) = wloy @ oy ), v8i ky hiéu @ chi phép cong theo modulo 2 (mod2).

- Khodng cdch Hamming cyc 1iéu cia b6 md (chi ap dung cho b¢ mi déu), thudng ky hieun
i hodic dy, duge xdce dinh dy= min d(e;,0) v6i moi i.k. Tham s6 d, ctia by ma quyét dinh kha
nang phat hién 18i va sira 16i:

+ 86 16i c6 thé phdt hién duoc khi gidi md, ky hieu 1a e va duoc xdc dinh e = d, -1. Mot bo
ma ¢6 d, = 1, khong ¢6 kha ning phdt hien bat ky 15i nao, e = 0, duge goi 1a b md ddy,
hay bo ma khong c6 du thira, g-= 0. Mot b ma mudn phat hién duoe mot 161, e = 1, cdn d,= 2.
Cic b0 md c6 dy > 2 duoe goi la b6 md voi, hay b6 ma c6 du thim g > 0
_HX) i log, 2* _ k

1 1- >0,néur=0thig.=0).
n n k+r

(g =1

+ 86161 ¢d thé sita dugc khi gidi md, k¥ hiéu 1a t va duoc xéde dinh ¢ < ‘: 02 } , trong d6 ky

hiéu [x] dé chi phép 14y phdn nguyén ciia x. Tir cong thic nay xdc dinh dugec mot bd ma mudn
sira duge t 18i cdn dy > 2t + 1. Ching han, bo md mudhn sifa duoc 1 18i, t = 1, cdn d, 2 3 (trong
trudmg hop nay c6 thé phat hien duoc 2 16i).

Trong cic loai ma khéi cé thé 1a ma khéi trong trudng nhi phan GF(2), ciing ¢6 thé [a mi khéi
trong trudmg GF(2™).

Ma xoin (hay ma lién tuc) 1am viec v6i chudi cic bit thong tin khéng dwuge phan ra thanh
kh6i, hay néi mot cdch khdc qué trinh ma hod vi qué trinh gidi ma dién ra lien tuc theo théi gian
tir khi bét ddu ¢6 tin tiic cho dén khi két thic tin tic. Trong chubdi cdc ky hieév ma ddu ra bo ma
hod, néi chung khong phén biét duge dau 1a cdc bit thong tin, dau la cdc ky hiéu du thira (v6i céc
ma xodn hé thong c6 thé phan biét duoc dau 12 bit thong tin, dav 12 ddu du thira), vi vay mi xodn
con ¢6 tén goi 1a ma chap. Qu4 trinh ma hod clia mi xoén cé thé cho ring bao gém nhiéu chu
ky méd hod. G' mdi chu k¥ ma hod tir k bit thong tin ddu vio hinh thanh nén n ky hién ma ddu ra,
hon nita cic ky hiéu ma ddu ra khong chi phu thuée vao k bit thong tin diu vao, ma cdn phu
thugc vao m bit thong tin & céc thi diém trude d6, vi trong bo ma hod ¢6 sir dung m 6 nhé (6
ghi dich). Tuy nhién, phai nhé ring cdc bit thong tin di vao, cling nhv cdc k¥ hiéu ma di ra 1a
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lién tuc, khong t6n tai qud trinh phan thanh khéi rieng biét, vi vay, ¢6 tén ma lién tuc. Ma xodn
]2 foal mi c6 nh&. M xodn thudng duge ky hieu X(n, k, m).

M3 xodn ¢6 thé phan thanh hai I6p: md xodn hé théng va mi xoén khong heé théng. Mi xodn
hé théng dién hinh nhit duoc st dung trong thye tién 13 ma Turbo (thye chédt Turbo 13 ma khéi
duge x4y dung tir hai mi xodn hé théng), md TCM (Trellis Coded Modulation- diéu ch€ c6 ma
hoa gian mat ¢do).

M3 khéi duge sir dung trong thyc tidn k¥ thuat, khi ma s6 liéu mot cdch ty nhién c6 thé phan
chia duoe thanh cic khéi. Con mé xoin dugc slr dung trong thue tién k¥ thuat, khi ma s6 liéu
mot cach tu nhién ducc truyén & dang lién tuc s& thuin tién hon. Hon nira, véi ciing d6 du thira,
ma xoan ¢6 kha nang sira 16i 16t hon.

3. CAC MA KHOI TUYEN TiNH

V6i ma khoi, méi khéi c6 k bit thong tin, vi vay hinh thanh nén 2* tir ma, méi tir ma dai n ky
hiéu ma. Céc ky hiéu du thira r phu thudc vao k bit thong tin sao cho don gidn nhat, d€ c6 kh
ning thuc hién trong thue tién k¥ thuat. Ma khdi tuyén tinh 12 loai md khoi don gidn nhéi trong
cdc ma khéi. Tai sao c6 tén 14 md khot ruyén tinh?

Méi kh6i dai n ky hiew, bao gém 2" tir ma, duge goi la ma khai tuyén tinh M(n k) véi di€u ki¢n
1a t4t ca 2* tir m& hinh thanh nén khong gian con bac k ctia khong gian véc to bic n trong trudng
nhi phan GF(2).

NGi mét cich don gian [a md nhi phan duoc goi 1a tuyén tinh, néu 1ong theo modul2 (mod2)
cua hai tir md bat ky ciing la tit md ciia bo md dé.

Chiing ta dinh nghia mot vai khdi niém co ban vé trudng nhi phan GF(2): Truong 13 tap hop
clia cdc d6i tugng todn hoc, ching ¢6 thé cong, trir, nhan vi chia.

Truong don gian nhat la trudmg nhi phan, vi trudng chi bao gdm ¢6 hai phén ur 1a 0 va 1. Cac

todn tir cong va nhan vdi cic phan tir nay, duge dinh nghia nhu sau:

0®0=0 0.0=0
0dl1=1 0.1=0
1®0=1 1.0=0
191=0 l1.1=1

Céc phép cong va nhan dugc dinh nghia nhu th€ nay dugc goi 1a phép cong va phép nhan theo
modul2 (mod2).

Tir cdc dinh nghia nay, chiing ta thdy ring 1®1= 0, din dén -1 = | va 1®1 = 1-1, nic la trong
trudmg nhi phan phép cong va phép trir 1a nhu nhau, déu Ia phép cong mod2; véi phép nhan ta c6
l.1=1suyral:1=1,
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Tap hop vir hai phan tir O va 1, véi phép cong va phép nhan theo mod2, dugc goi 1a trudng nhi
phan va ky higu 12 GF(2). D6i véi truong GF(2) ¢6 thé ap dung moi todn tir dai s6 tuyén tinh,
trong do c6 todn tir ma trgn.

Moi ma kh6i tuyén tinh déu 1a md hé théng. Mi kh6i hé théng 1a ma khéi ma véi méi khéi bao
g0m k bit thong tin va r ky hiéu du thira, tao thanh hai kh&i con tdch biét nhau, nhir hinh 3.1.

k T

- n=KkK4r

Hinh 3.1. Mét khéi ma (tir ma) coa ma khéi hé théng,

Sau day chting ta nghién c@u cdc ma khéi tuyén tinh he thong don gian nhat.
3.1. Ma dura trén kiém tra chin (hogc 16) '

M kh6i tuyén tinh don gian nhat 12 ma dya trén kiém tra chin (hoic 18), c6 dang M(n, n—1),
tife 12 chi c6 1 ddu du, chinh 12 d4u kiém tra chin (hodc I¢). Sau day, chiing ta chi nghién ctu
cdc ma dua trén sy kiém tra chdn, ching han, ma khéi M(4, 3), c6 thé viet dudi dang ma tran
dong nhu sau:

V=[{m, m, m, mg ® m, & m,] 3.0
trong dé m;- cdc bit thong tin, nhan céc gid tri 0 hodc 1, ky higu thit 4 13 k¥ hiéu kiém tra chén.

Ching ta hdy giai thich y tudmg vé kidm tra chin. Gia tho, ching ta ¢6 ma tran dong cla céc
bit thong tin dang:

I=[101]
Chu y trong cong thiic trén s6 lugng céc ky hiéu 1 12 s& chén - 2,
Khi d6, theo cong thitc (3.1) ky hiéu thit 4 duge xdc dinh:

M =m,®&m&m=19081=0

Két qué chiing ta nhan dugc:

V=[m, m, m, m,] = [1010] 3.2)

Chu y trong cong thiic (3.2) s6 luong cdc ky hiéu 1 ciing 13 s6 chén - 2.

Mot thi du khdc, gid thit, ching ta ¢6 ma tran dong clia céc bit thong tin dang:

I=[100]

Khi dé tir ma V duoge x4c dinh:

V= [my,m, m, m;) = {1001]

Chu ¥ trong c6ng thifc trén s6 lugng cdc ky hicu 1 ciing 13 s6 chin - 2.

Dé dang nhan ra ring khi trong I s6 luong k¥ hiéu 1 14 bt k3 (chdn, hoic 1€) thi trong V s6
hrong ky hi€u 1 fudn ludn la s6' chdn. Vi thé ky hieu thit 4 duge goi 13 ky hieu kidin tra chdn.
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Tir két qua (3.2) va cong thice (3.1), cén cit theo qui tdc nhan ma trin, ching ta c6 thé xay
dung céng thifc téng quét hon nhur sau:

V=1IxG,,, 3.3
Trong dé:
1001
Gy =|0101 3.4)
0011

G, ;- duoc goi la ma trdn sinh
Hon nifa, ma trdn sinh G, ;, ¢6 thé tich thanh 2 ma trén, ma tran thit nhdt 1 ma tran don vi, ky
hi¢u 1a E; ;,, ¢6 dang:
100
E; ;=010 _ (3.5)
001
E;;, - ma trn don vi bac 3x3
Ma tran thit 2, ky hiéu R, ;, 12 ma trdn cOt, v6i 1 ¢6t va 3 dong, tat ca déu la ky higu 1.
1
Rq; ={1| -matranbic 1x3 (3.6)
1

Chiing ta c6 thé biéu dién lai ma tran G, ;, theo dang:
Guas = l.E(s,s);Rn,s)] G
Déc gia hdy chii ¥ dén dang biéu dién (3.7), dic biét céc chi s6 clia hai ma tran thanh phdn. RS
rang E, ;) = Ey vi k =3 12 s6 luong céc bit thong tin; cdn R, 5, = R, v6ir =112 56 ddu kiém
tra. Chiing ta viét lai cong thic (3.7) cho tdng quét hon nhu sau:
Gy = I.E(k,k);R(r.k)J (3.7a)
Dang ma trn sinh theo cong thifc (3.7a) duoc sir dung cho moi ma khéi tuyén tinh.
Thuat todn x4c dinh theo cong thic (3.3), goi 12 thudt todn md hod.
Khi truyén theo kenh lién lac c6 nhidu, tai diém thu, chudi ky hiéu ma c6 thé bi méc 18i, tc 1a
khic véi chudi ky hiéu ma dé gisi di tir phia phét (ky hiéu 0 — 1, va nguge lai).
Néu cdc 18i chia cdc ky hiéu ma xudt hién véi xdc suat nhu nhau va khong phy thudc 1an nhau,
thi x4c sudt dé xut hién mot 18i trong chudi n ky hiéu ma, duge xdc dinh:
P =nP.(1-P)" (3.8)

(nghia 13 khi mot ky hiéu ma bi 181, thi (r — 1) k¥ hiéu mé con lai khong bi mic 16i).
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Xac sudt d€ xdy ra hai 16i duoc xdc dinh béng s6 lugng cia té hop cdc kha nang hai 14i (hai 16i
bdt ky ndo d6 trong chudi n k¥ hiéu ma, can (n-2) cdc ky hi¢u ma con lai khong méc 16i):
P, =ClLP.(1-P)"? (3.9)
va twong tr khi xdc dinh xdc sudt dé xust hién nhiéu 18i hon.
Néu cho rang xdc susit xudt hien 18i P, trong cdc ky hiéu ma di bé (tic I P << 1), thi x4c
sudt d¢ xuat hién m 18i trong chudi n ky hiéu ma duge xdc dinh gén diing:
P, ~P" (3.10)
Chiing ta hiy quay lai v&i ma kiém tra chin, véi dang cu thé M(4,3). Khi truyén theo kénh lién
lac ¢6 nhiéu, cdc 1r ma dang (3.2), 15 rang ching c6 kha ning phat hién ra mot 18i (ch? mot 16i
thoi) khi giai ma theo thudt rodn kiém tra chdn. Thue vy, dem cong theo mod2 cédc k¢ hiéu ma
trong tir ma, tfc la:
S=m,®m, ®m,® m, 3.11)
Trong d6 8 dugce goi 1a vécto Syndrome (vécto hoi chitg, trong trudng hop nay 8§ cé mot gia
tri, Vi chi cé mot ddu du). Néu S = 0, tir ma khong mic 16i (v6i diéu kien tir ma thu chi c6 mot
16i). Piéu nay 1a r5 rang, vi s6 luong cde ky hieu 1 12 s6 chin. Néu nguoc lai, S = 1, tir ma méc
mot 18i. Vi khi 8 = 1, ching t6 s6 ky hi¢u | trong tir ma khong con Ia s6 chin nifa, Hon nifa,
thuat todn nay chi phat hien duoc mot 16i. DE sira 161, ngudni ta sir dung k¥ thugt ARQ, titc 1a yéu
cdu phia phdt gifi 14p lai tir ma bj 1, cho dén khi thu diing.
Mach di¢n ma hod va gidi ma cho thuat todn kiém tra chén duge biéu dién nhu hinh 3.2.
Mach dién ma hod bao gém:
* Ba o ghi dich, dé ghi 3 bit théng tin, theo trinh tu m, dich vao du tién, con m, dich vao
cudi cling;
* Bocong mod2 (XOR), dé cong 3 bit thong tin tac ra k¥ hieu kiém tra;
* C6ng AND,, m& tir nhip 1 + 3, d& dura 3 bit thong tin ra ngoai. Céng AND,, mé vao nhip
4, d€ dua ky hiéu ki€m tra ra ngoai. Phén tir OR dé dira céc bit thong tin va k¥ higu kiém

tra ra ngodi, hinh thanh nén tirmi V:

AND

1

I A N N v >_
W Ly D
4 3-4 Ra

— OR
AND
2
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a). Mach dién ma hoa

P
.’ r I" r ...... — r
3 2 1 0
T , I
L‘_‘x ' J o
//’ -
=1- Lai
—
Ra =(- Khong 16
b). Mach giai ma

Hinh 3.2. Mach dién ma ho4 (a), mach dién giai ma
(b) ciia ma dura trén kiém tra chin.
Mach dién gidi ma bao gém:
» BGn o ghi dich, dé ghi 4 ky hi¢u mi thu nhan duge, theo trinh ty k¥ hiéu r, dich vao dau
tién, con r; dich vao cudi ciing;
o B cong mod2 (XOR), d€ cong 4 k¢ hieu ma (hay dé tinh vécta S), thuc hign phép kiém
tra chdn. N&u 8 = 0, tir ma thu dugc khong <6 16i; nguge lai, néu § = 1, tir ma thu duge
¢6 181
Chiing ta ciing nhan xét thdy ring n€u dem cong 2 tr md ciia cing b mi, thi tir mé thu duoc
ciing 12 tir md thudc bd mi dang xét. Thye vay, ching han v6i M, ;,, chiing ta ¢ hai tir ma:
a=la,.a.a,,3,®a ®a)va b=[b,,b,,b,,5®b @ b,]
Chung ta nhan dugc:
c=a®b=[2,Db,Da,®b,Ba,Ob,a,D3 ®a,db®b ®b)]
=[co,¢i ¢ 505
Ky hiéu ma ¢, cling dong vai trd Ky hiéu kiém tra chdn d6i v6i cdc ky hiéuc, , ¢, , ¢». Do d6 tir
mi ¢ ciing thudc bd mi M,, 5, dang xét. Tinh chét nay, nhu da biét, goi 1a rink chdt tuyén tinh clia
b ma.
Céc ma dya trén kiém tra chdn rat don gian va cling rdt hiéu qua. Vi vdy, ching duge sir dung
rong rai trong thyc tién k¥ thuat.
Sau day, chiing ta s& nghién ci cdc ma khdi wyén tinh & dang chung nhdt M(n, k), v6i s6 diu
du thira r = n — k 12 bat k.
3.2. Céc ma khoi tuyén tinh dang M(n, k)
Trong muc trén, ching ta ¢a nghién cifu dang ma khoi tuyén tinh he thong don gian nhét - ma
dya trén kiém tra chén. Véi dang ma nay, khi ma hod, chi phat sinh mot ky hiéu du (r=1) vacé
kha nang phat hién mot 18, khi giai ma. DE sira 16i ngudi ta sir dung phuong phip ARQ (yéu cdu
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phat 1ap). Ciing trong muc trén, ching ta cling dé cap t6i khdi niém ma tran sinh G[M). ciing
nhur thuat toin ma hod.

¢ muc nay, chiing ta s& nghién ctu ma khéi tuyén tinh he théng dang M(n, k), v6i s ky hieu
du r bt ky. Cic md chong nhiéu v6i s6 ddu dur > 2, s& sira 18i theo phuong phip FEC (sta 161
phia trudc)

a). Matransinh G,

Ma khoi tuyén tinh hé théng M(n, k) hoan toan duge xdc dinh nh& ma tran sinh Gm‘n bac
(n x k) v&i cdc phan tlr nhi phan. Khi dé méi tit ma duoce xdc dinh bing t& hgp tuyén tinh cha céc
phén tlf ma tran dong cdc bit théng tin véi cde phin tit €Ot tuong ng cua ma tran sinh. Tir cong
thife suy rong (3.7a), chiing ta xdc dinh dugce ma tran sinh G, ,, 0 dang:

Gty = |.EUrJr) ’ Ru,mj (3.12)

Trong d6 E, ,,- ma tran dom vj bac (kx k), con R, ., - ma tran bac (rx k). Khi xay ding ma
trdn R, ,, phai chi dén cdc dic diém sau:

* S6ceotcllamatran R, bing s6 ky higu du (ky hiéu kiém tra) - r;
» Cdc ky hiéu du r; 12 16 hop tuyén tinh clia cdc bit thong tin m, va phai bao dam diéu
kién:
+ Céc 10 hop khac nhau, phdi khdc nhau, {t nhat mot bit thong tin;
+ Mot bit thong tin bét ky, phai tham gia it nhdt vao mot td hop tuyén tinh nao dé.
* Khoing cich Hamming cuc tiéu clia bo ma - d, duge xdc dinh bang:
dy= 1+ (506 ky hi¢u 1 trong hing nao dé ¢6 it k¥ higu 1 nhat).
Tiic 1a mudn d, clia bé ma cyc dai cdn s6 ky hiéu O trong hang bat k¥ 12 {t nhat c6 thé.

Sau day, cén ci vdo cdc di€u kién trén, ching ta xay dung cdc ma tran sinh chia cdc ma khdi
tuyén tinh don gidn M(6,3), M(7.4), M(8.4):

1000110 10001101

100101 0

6 —lotortol: ¢ - 0100011 _lo1000111 .13

65 = UM o101t % T lo0101110 '
001011

0001101 00011011
Chit y rdng trong cc ma tran trén, ma tran R, ;, 6 nhiéu dang khdc nhau (bing cich hodn vj

hodc dong, hoic cor).
dy cva G5, va G4 = 1 + 2 = 3; bd md ndy c6 thé phdt hien duge 2 15i va sira duge 1 161,

dycia Gy, = 1+ 3 =4; bo ma nay c6 thé phat hién dugc 3 18i va sira duoce 1 16i.
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Cic ma c6 tham s@ v&i m =3 :

n=2"-1
k=n-m
r=m

dugce goi 1A m@ Hamming. Ma nay chi sira dugce 1 161,
b}. Thuat toin ma hoa
Thuat todn ma hod duge xdc dinh bing céng thitc (3.3) dang suy rong:
V=1IxGy
Chuing ta sit dung cong thiic nay cho ma M(7, 4) v4i ma tran sinh dang (3.13).
Chéng han, céc bit thong tin c6 dang:
I'= (my, m,, my, m,)
Con tit mi V duge xdc dinh duti dang:
V = (V. V), V2, V3, Vg, Vs, Vi)

Theo cong thitc clia thuat todn mi hod (3.14), chiing ta ¢6 thé viét:

1000110
0100011
0010111
0001101

(Vl]t Vi V2, V3, Voo Vs, Vﬁ) = (Iﬂg. ml! mZ! m}) X

Tir day, theo qui tic nhan ma tran, chiing ta xdc dinh duge:
Vo = My, V; =M, Vo = My, V3= My,
v,=m,dm, &m;,,
vi=m,@m, Bm,,
Ve=m, $m, ®m,,
Chéng han, cdc bit thong tin ¢é dang [ = (1000), khi dé tirma V duge x4c dinh:
vo=1,v,=0,v,=0,v,=0,
v,=19080=1,
v,=1©0®0=1,
ve=00000=0,
Do dé V = (1000110).
Mot thi du khdc I = (1100), moét cach twong ty, ching ta xdc dinh dugc:
V = (1100101).
Khi k = 4, ¢6 tat ca 2* = 16 tir mi, chiing ta ¢é thé xdc dinh ching twong tr nhur trén.
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¢). Mach dién ma hoa

Mach dién ma hod duge xay dung can cif vao thuat todn ma hod. Chiing ta xay dung mach
dién ma hod cho mot trudng hop cu thé M(7,4) v6i ma tran sinh dang (3.13). Khi xay dung mach
dién ma hod, trong trudng hop nay, chiing ta can cif vao két qua ma ho4 (3.15). Mach dién ¢6 so
dé nhu hinh 3.3.

| ~ S S N |
vio L3 2 [ rr1 1" "AND1
p / I Lij)j i v
& Y e >
Y ! NG S AND2
A3 L D o

Hinh 3.3. Mach dién ma ho4d ctia ma Hamming M(7, 4).
Mach dién ma ho4 bao gém céc phén tr:
® 40 ghi dich (phia trén), dé ghi 4 bit thong tin. Céc bit théng tin duoc dich vao theo
trinh ty: bit m, dich vao ddu tién, con bit m, dich vao sau cling;
* 3b0 cong mod2 (XOR), dé tinh 3 ky hiéu dur:
* 30 ghidich (vé du6i), d& ghi 3 ky hiéu dur:
e (Cdéng ANDI md tir nhip 1-4 dé dua 4 bit thong tin ra ngoai, hinh thanh nén 4 bit
théng tin ctia tir ma V;
* Cong AND2 mé tir nhjp 5-7 dé dua 3 ky hiéu du ra ngoai, hinh thanh nén 3 ky hiéu
kiém tra ctia tir ma V;
* Phdn tlr OR 1am vi¢c trong 7 nhip, dé két thic mot qua trinh ma hod, hinh thinh nén
trma V véi 7 ky hiéu.
d). Ma tran kiém tra H,,,,
Ma tran kiém tra H,,, c6 dic tinh sau: tich ciia moi tit ma V véi ma tran kiém tra H,,
chuyén vi, déu cho két qud bdng 0, tic la:

V x H;:‘“ =() (3.16)
trong cong thitc (3.16) ky hiéu T (translation) chi phép chuyén vi ma tran (phép thay thé€ hang
bai cot). '

V6i dic tinh (3.16), ma tran kiém tra H,,,, dugc x4c dinh theo ma tran sinh G, v6i dang biéu
dién (3.12) nhu sau:
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H, = lR:i.wEu.r)J (3.17

Ching ta diin ra dudi day ba ma tran kiém tra twong (mg vdi ba ma tran sinh & cong thic
(3.13)

10111000
110100 1011100
11100100
H,, =|011010|, H,, =[1110010|, H,, = (3.18)
&3 (7.4 @0 101110010
101001 0111001
11010001

Ma tran kiém tra H,,,, cho phép kiém tra mét tir md nao d6 c6 phai 12 tir ma clia bo ma dang
xét hay khong. Dac biét khi thu dugc tir mé, ky hi¢u P. c6 thé kiém tra dugc tir méd nay cé mic
161 hay khong, bang thut toin:

S=PxH (3.19)
trong cong thitc nay S duge goi 12 vécto Syndrome, ¢ r ky hiéu. Néu 8 = 0, tr ma P khong c6
16i (v6i gia thiét s6 16i nim trong kha nang kiém sodt cua b ma), con nguge lai, néu § = 0, tir
ma P ¢6 18i. Cong thiic (3.19) dugc goi 1a thuds todn gidi md phdt hién sai. Dé sita 16i can cac
phdn tich b6 sung, ching ta s€ xét sau nay.

e). Thuat todn giai ma

Thuat todn gidi ma duge xdc dinh theo cong thic (3.19). Ching ta hay str dung thuat todn nay
cho ma M(7, 4) véi ma tran sinh dang (3.13) va ma tran kiém tra dang (3.18). Gia thir phia phat
glti di tirma V = (1000110). Phia thu nhdn duge wr ma P. Ching ta xét hai truong hop:

o Qui trinh truyén khong phit sinh 13i, khi d6 P = V. Hay chiing t& trong truong hop nay
S = 0 (v6i gid thi€t s 1di e < 2).
o Qué trinh truyén phat sinh 18i, khi d6 P # V, ching han, P = (11°00110), & day ddu *
chi ky hiéu mac 18i. Hay chiing to trong trudng hop nay S = 0.
Dé giai cac bai todn trén, chiing ta k¥ hi¢u P = (1o, T, I3, I, T, 15 Te)s €ON S = (sy, §,» S2), theo

cong thic (3.19), chiing ta c6:

[110]
011
111
S=PxHL, =[rnnrrrr x| 101]= [505,5, ] (3.19a)
100
010
001
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{Chii ¥: ma tran kiém tra chuyén vi H("fnb“ ¢6 thé biéu dién theo cdc ma tran thanh phin cia ma
tran sinh G,,, , dudi dang ¢ot nhu sau:

. R,
Hl g = [E{ 'k]} (3.17a)
{r,.r

cach biéu dién nay rat thuan tién trong tinh todn).
Chiing ta quay tr¢ lai cong thite (3.19a). Két qua clia phép nhan ma tran, chiing ta nhan duoc:
S$=n,PrL,Erdr,
s, =1,®r ®r,®r, (3.20)
$=1enPrdry
Cdc cong thie (3.20) duoe goi 1a cdc 1éng kiém tra, d€ xdc dinh cdc phén t clia vécts S,
Thay cdc gia tri cu thé cla hai trudg hop trén vao (3.20), ching ta nhan dugc:
»  Trudmg hop 1:
5=1®0®0D 1 =0,
5= 1000001 =0,
5, =000@20800=0,
RO rang § = 0, din dén két luan P khong méc 16i, nhur gia thiét.
e Trudng hop 2:
s=12020H1=0,
5=1010001=1,
5= 100®0D0=1,
Trong trudng hop nay S = (011) # 0, din dén két luan P mic 151, nhu gid thiét.
Ching ta hdly phdn tich dé rim 16i & ky hieu ndo ? Xét két qua cia trudmg hop 2 & trén:
4 Vis,=0, hon nita ching ta gia thiét P chi mic 1 16i, cho nén khing dinh cdc ky hiéu tham
gia vio t6ng nay khong mac 16i; tiic lar,, 1, , 1y, r, khong mic 16i.
# Vis, = 1, hon nita chiing ta gid thi€t P chi mac 1 161, cho nén khing dinh céc ky hiéu tham
gia vao téng nay mic 1 16i. K&t hgp véi két luan trén, din dén hodce r,, hoac r. bi mic 16i.
% Vis, =1, hon nita chiing ta gia thi€t P chi mac 1 184, cito nén khing dinh cdc ky hiéu tham
gia vao téng ndy mac 1 16i. K&t hop véi ket lun trén, din dén hodc 1,, hoac r, bi méic 18i.
Két hop hai két luan cudi, véi gia thiét P chi mic 1 161, dan dén két luan phdn ni mdc 16 1a r),
diéu nay hoan toan phi hop véi gia thiét tir ddu.
Khi thu ¢6 16i ngudi ta thudng sir dung k¥ hieu:
P=V+e 3.21)
Trong dd e goi 1a vécto 161. Trong thi du trén e = (0100000).
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Bang 1. Moi quan hé giita S va e

Vécto 161 e Vécto Syndrome 8= s.8,5, Vécto 8 trong hé 10
1000000 110 3
0100000 011 6
0010000 111 7
Q001000 101 5
0000100 100 1
0000010 010 2
0000001 001 4
I_0(}00000 000 0

Bang cdch phan tich twong tu cho cdc vi tri 161 khéc, ching ta duge két qua trinh bay trong
bang 1, vé m&i quan hé giita vécto 8 va vécto 16i e (Chii y: 0 day cling nhu & moi noi khéc,
ching ta ludn viét theo rrinh tu truc tiép, tic 1a theo chiéu tir trdi sang phai cdc chi s6 tang dan,
bat dau tirchi 86 0, két thiic véi chi s6 6).

Doc gia hdy tu fim, dé khing dinh, trong trutmg hop vécto P mic hai 18i, tir cdc 1dng kiém tra
(3.20), ¢6 t& hop nao dé€ § = 0 khong? RS rang 13 khéng. Piéu ndy khing dinh md M(7, 4) véi
d, = 3, luén ludn phat hién duge 2 181, nhung chi sira duge 1 16i. Trong trudmg hgp s6 16i nhidu
hon hoac bing 3, khi giai ma s& phat hién nhim. Chang han, 18 hop 1,, 1 , £, , méc 16i (3 16i), thi
véctg S vin bang 0, tic 1a dd phdt hién nhim.

f). Mach dién giai ma

Mach dién giai ma duge xay dyng dya trén thuat todn giadi ma nhu dd trinh bay & muc trén.
Chuing ta xay dung mach dién gidi mi cho trudng hop cu thé ma M(7,4) v6i ma tran sinh da xét
o trén.

C6 mot vai phuong dn X3y dung mach dién gidi mi. Ching ta s& trinh bay mét phuong an
twong ng véi cdc phan tich & muc trén, nhu hinh 3.4,

Mach dién giai ma bao gém cdc phén ti

e Mach tinh Syndrome, gém 3 bo cong mod2, dé tinh (s,, $;, s,). Cac ddu vio cla cic
XOR dugc vE can cit vao cong thire (3.20);

e Mach chuyén déi (gidi ma) vécto S tir ma hé 2 thanh m4 hé 10, va dua ra mifc logic cao
-“1™ @& ddu ra wong tng véi con s6 cia hé 10; cdc ddu ra con lai ¢6 mifc logic 0. Mach
dién nay duge goi B mach tao k¥ hiéu sira sai;

o Mach dién chita d4u sira sai (duge ddnh s6 tir O - 3). Phén tlr ; ndo méc 18i, 6 ghi dich c6

ghi s8 tuong dng duge nap mife logic 1, cdc 6 con lai nap mifc logic 0;
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T TN
»

r
Vio __6

S
[

01234 56

I -
3 2 ;_:' 1 | 0
W AL A

Hinh 3.4. Mach dién giai ma ciia ma Hamming M(7, 4).

~J

M

® Mach sira 16i 1a XOR, ky hiéu M. Ky hiéu thu r; ndo mac 16i, s& dugc sita nhd phép cong
mod2: r” @ 1=7 (&dayky hiéu 7 dé chi da dugc sira), & nhip tuong tng. Cic ky hiéu
7, con lai (khong méc 16i), khong bj anh hudng bai phép cong mod2 nay: r, @0 = 1

Mach dién gii ma c4n 1am viec trong 11 nhip, trong d6 7 nhip ddu dé dua cic ky hiéu thu vao
thanh ghi dich dém, tinh Syndrome, chuyén ma he 2 sang ma hé 10. 4 nhip tiép theo dé sira 18i.
O dduralavécto P da sira 16,

g)- Giai ma theo thuat toan nguong (hay da so6)

Céc ma kh6i tuyén tinh c6 thé gidi ma theo thuat toén ngudng (hay da s6).
h). Cac ma ddi lan.

Ma tran sinh G,,,, va H,,, c6 tinh chét d6i 1an. Thuc vay, tir cic quan he:

V x H(;;’k) =( va V=IxG,,

Chiing ta dé dang din ra cdc quan he:

Guuy xHiyy=0 va  H,, xGl, =0 (3.22)

Céc ma tran G, va H,, » chuyén vi 1a cdc ma tran tryc giao v6i nhau; dong thoi cdc ma tran
H, va Gy, ;) chuyén vi ciing 1a cdc ma tran truc giao véi nhau.

Tir cdc cong thite (3.22), chiing ta thdy ring cdc ma tran Gy va H,,;, c6 tinh chat ddi 14n.
Trong trudng hop thit nhét G, ,, 12 ma tran sinh, con H, 12 ma tran ki€m tra. Trong trudng hop
thit 2 H,,, 1a ma trén sinh, cdn G, 12 ma tran kiém tra. Cic ma xay dung theo hai phuong 4n
nay duoc goi la cc md déi ldn. Chéng han, chiing ta khéo sat trudng hop (n k) = (7,4). Mi xay
dung theo phuong 4n thit nhét ky hiéu 1a M(7,4). Ma nay stra dugc mot 16i (phat hién duoc 2
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161). Con mi xay dung theo phirong 4n th hai ky higu (2 M(7.3). Ma nay ciing slra duge mot 131
(phat hién dugc 3 161).
4. CAC MA CYCLIC
4.1. M6 ta ma Cyclic

Mai Cyclic con goi 1a ma du vong (Cyclic Redundancy Code - CRC) 1a mot tap con clia mi
khoéi tuyén tinh hé théng, ky hiéu C(n, ).

Ma khd6i tuyén tinh hé théng M(n, k) dugc goi la md Cyclic C(n, k), néu dem dich vong mot tix
md nao dé sang phdi (hodc sang trdi) mét vi tri (hodc mot 36 vi tri), két qud nhdn dugc mot ti
md khdc, ciing thudéc bé md dang xét nay.

Chéng han, chiing ta xét C(7, 4) ¢6 tr ma V = (Vg, Vs, Vy, V3, V3, Vi, Vo), trong d6 v, € 1,0. Chi
$: khi nghién ctu ma Cyclic, dé thuan tién ching ta thudng hiéu dién ti md theo trinh tu nguoc.
Pem dich vong tir ma ndy sang phdi mét vi tri, thi két qua ta ¢ trma moi V= pH= (Vs, Vao Vo
V,, Vi, Vy.Ve); hodc dem dich vong tir ma ndy sang frdi mot vj tri, thi két quatacétitmi moi V,=
yl= { VouVer Vss Va, Vas V2o V)), thi cdc tif ma V, V, cling thudc bo ma dang xeét.

Csic mi Cyclic duge img dung rong rai trong thuc tién, vi hai nguyén nhan:

¢ Thit nhét, todn tif ma hod va phép tinh Syndrome duge thyc hién rdt don gidn véi viee
sir dung cdc thanh ghi dich;

e Thit hai, cic mi nay c6 cdu tric dai s6, vi vay ¢ thé tim duge cdc kha nang giai ma
chiing don gian va hiéu qua.

Khi nghién cifu ma Cyclic, cdc tir ma duge biéu dién dudi dang da rluic bdc (n-1) theo cdc he
s cla ching nhu sau:

Vi =v, 2+ v, .+ v+ v+ v, (3.23)
trong d6 v, 1 cdc phén tir clia tir ma V, nhan cdc gid tri 1 hoac 0; con x 12 bién hinh thitc dé chi
vi tri clia phdn tir v, twong tng. Khi phan tir v, ndo d6 bing 0, thudng khong viét bién £ wong
tmg; chi c4c phin tir v, # 0, s& viét biéh X' tuong ing.

Ching han, xét ma C(7, 4), tr ma V, = (1000101), c6 da thic ma tuong Ung
V(x)=x®+x’+1. Mot tir ma khic V, = (1100010), c6 da thic mi twong (ng
V,(x)=x+x* +x. Mot tir md khdc V, = (0001011}, c6 da thic md tuong Ong
Vi(x) = x* +x+1.(3.24). Hon nita, tit mi V; 1a ket qua dich vong phdi mot vi tri cha tir ma
V, , con titmi V, 1a két qué dich vong trdi mot vi trf cha trma Vv, .

Chiing ta x4c dinh cdc phép toan d6i véi da thite trong trudng nhi phan GF(2):

132



Chuwong 3: Cic ma chéng nhiéu

a). Phép cong (phép trir): 10ng (hoac hiéu) cha hai da thifc f{x) va h(x) trong trudng nhi phan
GF(2) 12 mot da thic ciing trong trudng nhi phan iy va dugce xdc dinh nhu sau:

n-1

SRR =D (f, Dh)x’ (3.25)
=0
N&i mot cich khidc, 1ng (hoac hiéu) clia hai da thic Jix) va h{x) trong trudng nhi phan GF(2)
dugc thyc hién theo mod2, va phép cong va phép trir 12 nhu nhau.
Thi du;

*+ x4+ O0x+ 1

x+ 1

3 2
X+ X+ x+ 0 =x'+xlt+x

Heic

4+ xT+ 0x+ 1

P+ ox+ 1

4+ 0P+ x4+ 0= x+x
b). Pliép nhiiin: tich chia 2 da thifc f{x) bac (n-1) va da thiic h(x) bac {m-1) trong trudng nhi phan
GF(2) 1a mot da thic cling trong trudng nhi phan gy va dugc xéde dinh nhu sau:
=1 { =1
J(x)h(x) = Z(Z(f, b, )J-x"*“ (3.26)
g=0% =0
nghia Ia tich nhan dugc theo qui tic nhan théng thudng, tuy nhién, cde hé 56 nhan dugc cung bac

clia x duge cong theo mod2.

Thi du:
+ oxt+ Ox+ 1
x+ 1
. . - -
X+ x+ 0Ox+ 1
x4 oxt+ 0x'+ x
x4 0+ X+ x+ L o=xtt xl4 x4 1
Hoac

¥+ x4+ Ox+ 1

2
X+ X

*+ X+ 0+ x

4 3 2
*+ '+ 0xX*+  x

X4 0+ X x4 x2Sy s X+ x
¢). Phép chia: phép chia dugc hinh thanh nhu saw: d&i véi méi cap da thitc ffx) va hix), voi
fi(x) = 0, ton tai duy nhdt mot cidp da thic g(x)- phin nguyén va r(x)- phin du, sao cho:
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fix) = gix) x hfx) + r{x} (3.20
& day bac cua da thitc du r(x) phai nhd hon bac cua da thiic chia ().

N6i cdch khdc, phép chia da thife duge dién ra theo qui tic chia s6 hang c6 bac cao nhit cha
da thite bi chia cho s6 hang cao nhit clia da thitc chia. D€ tim da thic du cia mdi 14n chia, phép
trir duge dién ra theo mod2. Cac 14n chia ti€p theo duge dién ra tuong tu nhir trén, cho dén khi da
thitc du c¢6 bac nhd hon da thiic chia, thi phép chia két thic. Con da thirc du cua lan chia cuéi

cung duge goi la da thife du ciia phép chia, ky hiéu rfx).

Thidu: x* + 00 +X° + x + / 3x+21 da thiic X'+ x° + I « qfx).
x +x°+1
£+

O+ +x+ ]

£+
x4 f
x+1

0« r{x).

M3 Cyclic C(n k) ngoai dac tinh dich vong, con c6 cdc dac tinh khdc nhur sau:
1. Trong md Cyclic C(nk}, mdi da thitc md V(x) khdc khong cdn phdi ¢é bgclon hon
(n—k), nhung khéng lom hon (n—1).
2. Tén tai chi mét da thicc md g(x) c6 béc (n-kj dang:

n-k-1

8lx} = x"F g Eni-1X +..+ g2x2 +gx+]

=gx g x4t gxt+gx+ gy (3.28)
dioe goi la da thuee sinh.
Cédc hé s6 g, nhan gid tri 1 hoac 0; con h¢ s6 g, g = 1.
3. Mdi da thite ma V(x) déu lé boi s6 cua g(x), tie la:

Vix} = g(x).g(x) (3.29)
4. Pa thirc sinh g(x) la thiva s6 chia hét (khéng du) cia da thice (X" + 1), tiee la:
(X +1})=g(x).hix)+ 0 (3.30)

Da thite h(x) - phdn nguyén ciia phép chia duoc goi la da thitc kiém tra.
Tir cic dac tinh dich vong va cdc dac tinh trén, ching ta dua ra mot hé qua quan trong: khi
nhén (hodc chia) da thitc md V(x) véi da thitc h(x) nao dé (hx)=0), thi Jiwgc dinh nghia la phép

nhan (hodc chia) trong truomg hitu han. Vi vdy, da thitc tich (hodc thuong) V'(x) mudn tré
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thanh da thicc md ciia b md dang xét, phdi liy mod(x" +1) d€ bdc cita né khong lon hon (n-1}),

tirc la:
Vi(x) = [V(x)x A(x}]mod(x" +1) (3.31)
Hoan toan twong tif nhu vay cho chia da theic, ¢ 1a:
Viix)= @ mod(x” +1) (3.31a)
h{(x)

Dic tinh dich vong va dic tinh nhan (chia) cdc da thitc mi (cho ma (7, 43} dugc dién giai nhu
hinh 3.5. Trong d6, cdc k¥ hieu ma v, Vi V5 duoc gén chat vao vanh tron, trong khi dé, vanh
trdn ¢§ thé xoay sang phai (trai) tity ¢ céc vi trf. C6 mét vach c6 dinh d€ phan cdch déu véi dusi
tir ma. Quy dinh, khi xoay vanh tron sang phdi, tifc theo chiéu mii tén véi ddi +, i vi tri, tuong
ing v6i phép dich vong phdi tt ma V di | ky hiéu ma. Va nguoc lai, khi xoay vanh tron sang
trdi, wic theo chiéu mii tén véi dd -, i vi i, tuong tmg v6i phép dich vong irdi trmd V di i ky
hi¢u ma. Ma C(7, 4) chi gém 2* = 16 tir ma (tic 13 s6 lugng tir ma 12 hifu han).

Ching ta quay lai thi du & céng thic (3.24) va thdy: V;(x)=xV, (x)=Vl+l(x) va

Vi (x)
X

Vy(x)= = V]_l(x). Phép dich vong phai mot vi trf tuong g v6i phép nhan da thic

Vix} v6i x. Con phép dich vong trdi mot vi tri tuong tng véi phép chia da thire Vix) cho x.

6 2
X +x°+1 - 3 .
Hon nita, Vi) ==—"— " = x% 1y +x7' ! =x*+x° +x. Trong cong thitc nay
X

¥ 'mod(x’ +1)=x"x" = x°.

Vs

Hinh 3.5. Dién giai dac tinh dich vong céa ma C(7, 4).
4.2. Da thirc sinh g(x)

Moi da thitc ma V(x) chia b ma C(n, k) déu dugc phét sinh tir da thifc cic bit thong tin f{x) nhd
da thike sinh g(x).
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Nhur da chi ra tit dec tink 4 & trén, moi da thic sinh g(x) cla ma C(n, k) déu 1a thiu s6 chia hét
cha da thie (¥ + ). Vi thé, d€ tim mot da thife sinh cu thé ndo d6, cin phén tich da thic trén ra
thira s6. Cic thira s6 phai 1 cdc da thitc 167 gian (hay da thitc nguyén ).

Chéng han, xét da thitc sinh cGa bd ma Cyclic véin=7

(74D =(x+D(xt +x+D(x* +x* +1) (3.32)
Tir 3 da thic thira s6 trén, ching ta ¢ thé chon da thiic sinh g(x) va xdc dinh cdc ma C(7, k)
tuong img nhu bang 2.
O day d, ky hiéu khoang cdch Hamming cyc tiéu cla bo md, d, = W[g(x)}].
Nhu vay, véi ma C(7, k) ¢6 6 phuong dn chon da thic sinh g(x). C6 hai ma C(7, 4) va hai ma

C(7, 3) vGi hai da thirc sinh khdc nhau.
Bang 2: Cac phirong an chon g(x)

Pa thic sinh gfx) Mai C(7.k) trong img d,

g(x)={x+1) C(7.6) 2

£:(x) = (x" + x +1) C(7.4) 3

g(x) ="+ % +1) C(7,4) 3

g.(X) = (x+1) (xX*+x+1) C(7.3) 4
= X'+ x4x%+]

gs(x) = (x+D(xX+x*+1) C(7,3) 4
=x'+ x+x +1

g4(x) = (x™x+1) x+x7+1) C(7,1) 7

Twong nhut nhu trén, ching ta ¢6 két qua phan tich mot vai da thie (X" + 1), v4i cdc gid tri n
khac nhau. Hon nita, céc thira so chi viét dudi dang céc hé s6, v6i chi s6 giam dan:
(x° +1) = (11D.(111).(1001001)
P+ =ADA1ID.(11111).(10011).(11001)
(x3‘ +1)=(11)(100101)(101001)(101111)(110111)(11101 1X111101)
(x? +1) = (11).(101011100011).(110001110101) - Ma Golay(23, 12), sita dugc 3 13,
khi chon thira s¢ thit 2, hoic thit 3 1am da thifc sinh g(x).
Trong céc da thitc thira s6 trén, véi bac m > 3 va n = (2"~ 1) déu la da t/uic nguyén thuy, trir da

thifc v6i hé s6 (11111) khong phai 1a da thic nguyeén thuy. Cdc da thitc nguyén thuy 13 cac da
thitc d€ tao chudi tin hiéu gia ngiu nhién trong ky thuat trai pho.
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4.3. Thuat toan ma hoa

Gia thit ring c4n ma hod vécto cdc bit thong tin 1, dudi dang:
I=(m_,m _o,..my,m, m) (3.33)
Da thite phin hgp véi né c6 dang:
Ixy=(m, x" + m, x4+ + m,x’ + mx+m,) (3.34)
Nhan I(x) vé&i x* duge:
I'xy=1Hx). X =(m_x"" +m,x" + om0 w4 myx"*) (3.35)
St dung 1§ thuyét vé phép chia da thitc, c6 thé viet:
I'(x)=1I{x). ** = q(x). g(x) + 1(x) (3.36)
@ day: g(x) - da thic phin nguyén, cdn r(x) - da thitc phin du chia phép chia da thic /'(x) cho
da thiic sinh g(x).

Bdi vi bc ciia g(x) bing (n-k), thi bac ciia r(x) phai bing (n—k—1) hodc nhé hon. Da thic #(x)
c6 thé vigt:

rxXy=r, X" b " e nxt X+, (3.37)
Tir (3.36), chiing ta ¢6 thé viét:
I'(x) + r(x) = q(x).g(x) (3.38)

RS rang, da thite 7'(x) + r(x} 12 bdi s6 cha g(x) va c6 bac 14 (n-1) hoac nho hon. Do dé, da
thitc I'(x) + r(x}1a da thic md, két qua ctia phép ma hod da thitc céc bit thong tin J(x), tifc 1a:
Vixp=1'(x) + r(x) = I{x). X + r(x)
Nhu vay, tir ma gom £ bit thong tin va r = (n-k) k¢ hiéu kiém tra; duge biéu din dudi dang:
V(x)=v, ,x"" +v,,x"? + . +v,x? +vx +v, (3.39)

Trong da thitc ndy: k hé s6 ddu phi hop véi k bit théng tin, cdn r hé s6 cudi 1a c4c ky hién kiém
tra, duge phdt sinh tir thuét toan ma hod.
Chiing ta c6 thé tém tat thuat todn ma hod nhy sau:

Céc da thitc mé V(x) dugc xdc dinh theo thuat todn ma hod, gém 3 budc sau:

Bugc I Nhan I(x) v6i x”, vic 1a: I'(x) = x".J(x) (dich vong phai vécto I dir vi tri);

Bugc 2: Xéc dinh da thiic du rx) ctia phép chia /'(x) cho g(x), tic 1a:
r(x)=I'(x)mod g(x);

Buéc 3: Pathitc ma duge xdc dinh theo biéu thiic;

V{x)=T'(xX)+r(x).
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Xét thi dyu: xét ma C(7, 4) véi da thic sinh g(x) = (X + x +1). Biét vécto cdc bit thong tin I =
(1010), vay da thic tuong tmg ctia né: I(x) = x° + x . Cdc budc ma hod nhu sau:
-I'xX)=1(x)x" =x*(x*> +x)=x* + x*
- Chia da thirc 7'(x) cho g(x):

x*+x+1

x?+1

2+ x

X4+ X'+
0+x
X +x +1
x+1=r(x)
- Pathicma V(x)=1'(x) +r(x) =x® +x* + x+1.
Tir mé twong tmg V = (1010011).
Thuét todn ma hod dua trén co s& phép chia da thiic ¢6 thé thuc hién bing so dé mach chia. D6
1a mot thanh ghi dich ¢6 r 6, trong dé mach phan héi kin phu thudc theo cdc hé s6 cta da thitc
sinh g(x), nhu hinh 3.6.

lf“Ln;k
1 * ——— ’ [tle—
1 & [g1 Igz Tg"l l— g,
| 1 =f{ 2 ~>£V————p r-1 ;/K r e ‘-I

A N
= Z i | v
E
kK [nx

Hinh 3.6. Mach dién ma hoa C(n, k).
Trong mach dién ma hod C(n, k), hé s6 g; nao béng 1, cong tic img véi vi trf d6 déng va tén tai
bo mod2; nguoc lai, hé s6 g nao bang 0, cong téc tng véi vi tri d6 ngit va khong tén tai bo
mod2.

Mach dién ma hod 1am viéc trong n nhip dé hoan thanh qu4 trinh ma ho4, va tao ra tir ma V.
Trong d6 k nhip ddu céng ANDI mé, céc bit thong tin di vao mach chia /(x)/g(x); sau k nhip
phép chia thuc hién xong, trong cdc 6 ghi dich chita cic ky hiéu du. (n—k) nhip ti€p theo céng
AND2 mé, cdc ky hiéu du 1an luot di ra ngoai, tao nén r ky hiéu kiém tra ctia V.

Mach dién ma hod ctia ma Hamming C(7, 4) & thi du trén, véi da thiic sinh: g(x) = (X + x +1),
nhu hinh vé 3.7.
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Khi xay dung mach ma hod C(7, 4), cin chu y: cdc hé s6 g5, g/, g;= 1, con hé s6 g, = 0.
Mach dién ma hod clia ma Hamming C(7, 4) 1am viéc trong n =7 nhip, dé hoan thanh mot qua
trinh tao ra tir ma V. Qu4 trinh lam viéc ctia C(7, 4), dé ma hod vécto I = (1010) duoge trinh bay

trong bang 3.

4
13
&lpfe——
1—-.
Fo o -
| v -' I (Vao
‘-___’. 1 i ;C-\ » ‘2 — 3 4@7 _.’_‘ .
4 N —rayr—— i \Y%
- o - &2 @—p
3 i Ra

L2
Hinh 3.7. Mach dién ma ho4 ctia ma Hamming C(7, 4).
Bang 3. Qua trinh ma hoa vécto I = 1010

Thittw | Trang théi cdc 6 ghi dich bau vao Pau ra
nhip 1 2 3 | \Y%
0 0 0 0 - -
1 | 1 0 1 1
2 0 1 1 0 0
3 0 0 1 1 1
—4 1 1 0 ] -
5 0 1 1 - 0
6 0 0 1 - 1
7 0 0 0 - 1

4.4. Pa thirc kiém tra
Nhu da biét tir dic tinh 4 & trén, da thiic sinh 8(x) 1a thira s6 chia khong du ciia da thic (X' + /),
tirc la:
(X"+ 1) = g(x).h(x) (3.40)
trong d6 /(x) goi 1a da thitc kiém tra. Hon nita g(x).h(x) = 0.
Boi vi h(x) duge xdc dinh duy nhét khi da c6 g(x), né ciing xdc dinh nén mot ma, goi 1a ma déi

lan v6i ma do g(x) tao nén.
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Ching han, xét ma C(7, 4) vdi da thic sinh g(x) = (x’ + x +1}. Khi d6 da thitc kiém tra duoc
xdc dinh hix) = (x+1)(C++1) = X' + X+ x +1. Néu sit dung h(x) 1am da thic sinh, ta c6 ma
C(7,3). Ma C(7,4) va ma C(7,3) nay dugc goi 1 hai md déi ldn.

Cung véi da thite kiém tra h(x), ngudi ta con x4c dinh ma trdn kiém tra chia ma Cyclic va c¢d

dang:
B (x) 0 o 0 h - b Bk
H,, = xh" (x) =(.} --.0 k‘k PT, h‘o 0 341
LTV I S A S SRR

- 1 - e - -
trong d6 A (x)} = x*h(=) - duoc goi 1a da thic d6i nglu véi da thic A(x). Cic hé s& i, trong
x

(3.41) 14 cdc he s6 clia da thire 2" (x).
Chéng han, ma C(7, 4) véi g(x) = (x’ + x +1). Khi d6 h(x) = X+ e x+]
. 1 1 1 . ., ,
h'(x)= xkh(—)=x4(—4+—1—2 +—+1) =1+x?+x’ +x*. Viét theo trinh tr giam din clia
x x' xt x

cdic chi s6 duge A" (x) =x* +x* + x* +1. Ma tran kiém tra c6 dang:

0011101
Hon=[0 1 11010 (3.41a)
1 110100

4.5. Tinh Syndrome va sira 16i trong ma Cyclic.
Tinh Syndrome d6i v6i ma Cyclic tuong d6i don gian.
Gia thir V(x) va P(x) la da thiic ma khi phdt va khi thu.
Chia P(x) cho g(x), chiing ta nhan dugc:
P(x) = g(x).g(x) + r(x) (3.42)
& day: q(x) - da thitrc phdn nguyén cia phép chia, cdn r(x) - da thic phin dir ciia phép chia. Da
thitc Syndrome S(x) duge dinh nghia la da thitc du ca phép chia, tifc la:
Stx) =rix) (3.42a)
Néu S(x) = 0, tir ma thu duge khong méc 18i (v6i gia thiét s6 16i ndm trong kha nang kiém sodt
clia b mi); nguoc lai S(x) =0, tr ma thu duge méc 16i.
Nhu vay, S{x) =0 x4c dinh diéu kién c6 16i trong tir mi thu duoc.
Pa thitc Syndrome S(x), trong trudng hgp chung 1a da thitc ¢6 bac (n-k-1), va duge biéu dién:
~S(x) =Sy X xS, (3.43)

R& rang, so d6 tinh Syndrome 8§ 12 so d6 chia twong fu nhur hinh 3.6.
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Khi tir ma thu duge mac 16i, thi vécto Syndrome S t3i thiu ¢6 mot phén tir khic khong,
Ching ta hay xdc dinh méi quan hé gifia S(x) va da thitc 16i e(x), nh& d6 cé thé dinh vi duge
16i va cho khé nang sira chiing.
Gia thu e(x) c6 dang:
e(x)=e,,,x" "+ . +ex+e, (3.44)
Nhur da bi€l, khi thu ¢6 18, P(x) biéu dién dusi dang:
Pix) =V{x) + e(x) = g(x).g(x} + S{x}
Hon nifa, chiing ta lai cd: V(x) = m(x}. g(x)
Tir d6, chiing ta ¢6:
e(x) = [q(x) + m{x}] .g(x) + S(x} = fix).g(x) + S(x) (3.45}
Nhu vay, da thitc Syndrome S(x) 1a phdn du ciia phép chia e(x) cho g(x). Tir day chiing ta thay
rang khi biét S(x) ¢6 thé xdc dinh duogc e(x); hay xét vé hoat dong cta mach dién gidi ma khi
biét 8 ¢6 thé gidi ma dugc e va nhd vay c6 thé sira duge 18i.
Thi dy: Ma C(7,4) v6i da thic sinh g(x) = (x’ + x +/). Chiing ta ¢6 bang 4, vé mo6i giita e(x) va
S(x):
Trong bang 4, gid trj cia S trong hé 2 (cot 3) ¢6 duge ir phép chia P/g bang mach chia.
Bang 4. Mdi giira e(x) va S(x)

Pa thitc 16i Pa thic Syndrome Vécto § Vécta §
e(x) S(x} he 2 hé 10
X &+ 100 4
x Xrx+d 010 2
x X +x 001 1
x _x+1 _10t 3
¥ = 111 7
. . o1l 3
; 110 6

Vi 1t ca cdc phan tich & trén, chiing ta c6 thé xay dung mach dién giai ma, tuong wr nhu mach
dien gidi md clia ma kh6i tuyén tinh M(7, 4). Mach dién giai ma C(7, 4) nhu hinh 3.8.
Mach dién giai ma bao gém:
- Mach thuc hién phép chia P/g, d€ xdc dinh S;
- Mach gidi ma § tir h¢ 2 sang h¢ 10. Mach nay chi 1am viéc trong nhip n (& dayn=17),
thiét 1ap & ddu ra tuong dmg muic logic 1 (twong img vdi ddu vao ¢6 161), con cdc ddu ra

con lai mirc logic 0.
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- Hai thanh ghi dich dém. Thanh ghi dich vé& phia trén, gém 7 6, dé chita céc ky hiéu cia
tir ma P. Thanh ghi dich vé dudi, gdm 4 0, dé chira d4u sira sai. Khi bit thong tin nao bi
méc 18i, 6 ghi dich véi s6 hiéu tuong img chita ddu 1, cdc 6 con chita dau 0.

- Mach sira 16i XOR, ky hiéu M.

- Céng ANDI md trong n nhip ddu, dé chia P/g va xdc dinh S, déng trong k nhip ti€p
theo. Céng AND2 déng trong n nhip ddu, chi m& trong k nhip ti€p theo, dé dua k bit
thong tin da stra ra ngoai.

Mach dién gidi ma lam viéc trong (n+k) nhip, & day n+k = 7+4 = 11, dé hoan thanh mot qué
trinh giai ma. Mach nay chi sira duge mot 16i.

o

P 4 Ny ~ " ) 3 4 M
1 r . -
> 1 P T, | Ty 0‘ 4 i—» A b ﬂﬂ_g_}

Dq

g \ \ | Y
.3 2 @ 1
e ol
03024 1
??0?00??
01) | | 17
v g
3 4 5 » 6 >
N al Pl A

Hinh 3.8. Mach giai ma C(7, 4).

4.6. Mach dién giai ma theo thuat toan chia dich vong
a). Thudt todn chia dich vong

Gia thir ma C(n, k), ¢6 kha nang sira duge t 16i (1 <(d, - 1)/2), V la tir ma giri di, con P la tir ma
thu nhan. Thuat todn chia dich vong dé sira 16i gém 3 budc:
- Bue 1: Chia P(x) cho g(x) dé tim phdn du chia phép chia, ky hiéu r,(x). Lay trong s6 clia ry(x)
va so sdnh véi t:

& Néu wlry(x)] <t, thi: P(x) = P(x)+ry(x),

& Nguoc lai, néu wlry(x)] > t, phi chuyén sang budc 2.

142



Chuong 3: Cic ma chéng nhiéu

- Butée 2: Dich vong phai (hoac trdi) P(x) mot vy tri, tefe 13 xdc dinh:
P (x}=x.P(x) (chi xét truong hop dich vong phai)
Pem P(x) chia cho g(x), dé xic dinh phdn du phép chia, ky higu r,(x). Ldy trong s6 ciia r{x)

vi so sdnh véi

& Néu wir,(x)] <t, thi: P(x) =

F(x)+r
A@+nx) phép chia cho x, twong duong phép dich
X

vong trai 1 vj tri.
* Néu w[r,(x)1 > t, phai chuyén sang budc 3.
- Budc 3: Dich vong phdi (hodc tréi) P(x) di 7 vi trf, r6i tuong tr nhvr trén, 6im ra da thic du r(x).

Lay trong s6 ciia r{x) va so sanh vdi t:

® Néu wir(x)] <t, tht P(x)=

P(x)+r .
M’ phép chia cho ', tuong duong phép dich
X

vong trdi / vi tri.

& Néu sau (n-1) I4n djch vong P(x), ma wfr, ,(x)] > r. K& luan: tir ma nay c6 s6 16i vuor

khoi khd ndng sia ciia bo ma.
Thi dy: Xét md C(7,4) véi da thic sinh gx)=(X +x+/). Ma nay véit = /. Tirma phit ¥V =
(1010011). Gia thir tir ma thu P =(11°1001 1), k¥ hi¢u c6 déu (*) chi vj trf 181, titc 12 e(x) =x° .
Quad trinh giai ma bing thuat todn chia dich vong nhu sau:

- Bugc I: Bem P(x) chia cho g(x)

x> +x+1

x4+ x?

X +x +xt v x+1
X+ x4+ x3
X+ X x+1
X+ x*+x?
X+ X + | =ry(x).
RO rang wlry(x) =3 >t =1— Bugc 2
- Bude 2: Xde dinh: F(x) =x.P(x)=x(x* +x° +x* + x+1) mod(x"+1) =

=(x*+x' +x? +x+1)

Chia P,(x) cho g(x):
x+x+1
(407 +x% 4 x4]) |20
X' +x +x

X+ x*+ x!

X +x 0 X x+ 1
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X+ x+x
x*+x +1
X+ X+ %
xX+1 =r((x)
RG rang wlr (x})} =2>t — Buée 3
- Butc 3: Xac dinh: P, (x) = x.F (x) =xS+xP+xt Fx+l
Chia P,(x) cho g{(x):

3
o 3 ; x'+x+1
Cext+xtrx+l b/
X’ +x

xt+ xte x?
x* + xM+x+1
x* + X'+ X
1 =1,(x)

R rang win(0)] = 1 =t.

G 3 2

xt+xt+xt Fx+141] -

P(x)= ; el x+laxx =xt +xt tx+l
x

Tirma duge sita P = (1010011) ~> hodn toan phi hop gid thiét ban déu.
b). Mach dién gidi md
Khi xay dung mach dién gidi mé theo thuat todn dich vong, ngudi ta thay dich vong tirmi P

bing dich vdng phén du r (hodc 8).

P 4 4 & 4 4 4 4 M X
) ) r ) | . )
/—T_' lt.) ry r, ry (2 Ta [ ol R A w*
b» .
y |

Hinh 3.9. Mach dién giai ma theo thuat toin dich vong phan dw.
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Chiing hoan toan twong duong nhau. Mach dién giai ma theo thuds todn dich vong phédn du vé
trén hinh 3.9,

Ciing tuong tuf nhu hinh 3.8, mach dien gidi m theo thuat todn dich vong phdn du bao gém:

- Mach thyc hién phép chia P cho g dé tim phan du r. Mach nay lam viéc trong (n+i}
nhip, v6i 7 1a 56 nhip d¢ dich vong r (trong trudng hop cu thé nay i=1),
- Mach tinh trong s6 cia phdn du, ky hiéu W. Mach nay lam viéc trong k nhip cudi. N6
€0 vai trd tinh trong s6 clia phin du r:
% Néu W[r] > t, n6 tao tin hiéu logic 1 & ddu vao b, ti€p tuc mé céng ANDI, dé dich vong r
trong i nhip, cho dé€n khi W[x] < t, thi céng ANDI déng. Lic doé céng AND3 mé (vi ¢6 mifc
logic 1), dua k¥ hiéu sira tir mach chia qua AND3 di t6i XOR M va sira dugc bit théng tin bj 161,
& vi tri tuong tng véi nhip d6,
% Néu W[r] <, cng AND3 mé, dua ky hiéu sira tir mach chia & nhip twong (tng dén XOR M,
dé sira,

Mach tinh trong s6 clia phan dur, ky hi¢u W, trong trudng hop cu thé nay la mach ngudng. N6
lam viéc theo da s6:- n€u cé 2 ddu vao 0 (tuomg tng v6i Wlr] =t =1), n6é dua ra 0;: ANDI déng,
nh& ddo AND3 md, dua ddu sita qua XOR dé sira - ngudc lai, néu ¢6 2 ddu vao 1 (tuong tng véi
W[r] > t = 1), n6 dua ra 1, tiép tuc m& ANDI dé dich vong 8 (trong trudmg hop cu thé nay i=/,
thye hién dich vong trong 1 nhip). Véi cdng AND3, nhdy do thanh 0, nén déng.

Bang 5. Qua trinh gidi ma nhé thuat toan dich vong

Thit ty Trang théi cdc 6 ghi dich Piu vao Pdura
nhip 1 2 3 P P
7 1 0 I 1 -
8 l 0 0 - 1
9 0 1 0 - 0
10 1 - i
11 0 - 0

- Clng AND2 mé trong k nhip cuéi, dua k bit thong tin da sira ra Ngoai.
Chuing ta ldy thi du vé qud trinh gidi ma trma P = (1011°01 1), & day tir ma bi 16i & bit thong

tin thif 4, wic e(x) = x*. Qué wrinh gidi md trinh bay trong bang 5. Hon nita, chi trinh bay tir nhip
thdt 7, nhd sk dung két qua chia béng 4.
Trong bang 5, chiing ta thay:
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- Nhip 7, két thiic phép chia P cho g, trong céc 6 ghi dich ghi cdc ky hi¢u dw, & day r
= 101. Nhu vay, W[r] = 2 >'t. Mach W dua ra mic 1,cong ANDI tiép tuc md, thyc
hi¢n dich vong r,
- Nhip &, thuc hién dich vong r,
- Nhip 11 12 nhjp sira 164, k¥ hiéu r; bi mic 16t, nhu chéng ta gia thiét, duge sira thanh
7, =0.Kétqua P =(1010011).
Ciing nhur mach gidi ma C(7,4) khéc, mach nay 1am viéc trong (n+k =7+4 =11) nhip, d¢ hoan
thanh stra 1 161 cla tir ma.
4.7. Cac phuong phap khong dai sé giai ma cyclic

T4t ca cdc phuong phap gidi ma khéi tuyén tinh c6 thé chia ra thanh hai nhém: dai s6 va khong
dai s6.

Co 56 ciia cdc phuong phdp dai s6 1a nhim gidi hé théng phuong trinh dé xéc dinh s6 16 va vi
tri ¢ha chiing. Cac phuong phdp xédc dinh vécio (da thitc) syndrome thu¢c nhém nay.

Trong khi d6 c4c phuong phdp khong dai s6 dat duge diéu nay nhe khdi niém céu triic don
gian ctta 1§ thuyét ma hod, chiing cho phép tim ra 6 hgp 16i mot cich don gidn hon.

Mot trong cdc phuong phap khong dai s6 12 phuong phdp gidi ma véi viée st dung thuét todn
Meggit, dé stra mot 16i ciing nhw m 15i (thye t€m < 3).

Khi giai mi theo thuat todn Meggit, 14t nhién ciing phéi tinh vécto 8§ (nh& mach chia P/g). Tuy
nhién, viéc sir dung né ¢d khic so v4i cdc phuong phip da biét trude day.

Co s& chia thuat todin Meggit rdt don gian, va dua trén cdc dic tinh sau day clia md cyclic:

e Tén tai m&i quan hé duy nhat giita tap cdc 161 cén stra va tap ca vécto S (xemn bang 4);
» Néu da thitc S(x) phir hop véi da thic 16 e(x), thi x.S(x) modg(x) phit hgp vdi x.e(x)
mod{x" + 1).

Ping thic a(x) = b(x) modp(x), ducc hiéu 1a: a(x) bang b(x) theo modp(x), tifc 14 a(x) va b(x)
c6 ciing phdn du khi dem chia cho p(x). '

Dic tinh thit hai chi ra riing: néu dich vdng e(x) sang phai mét vi uf, thi dé nhan duoc S mdi,
cén phai dich cdc ky hiéu du chifa trong ghi dich nhi dudng phan héi ngugc, tat nhién cling mot
vi tri.

Sa d6 gidi ma cyclic theo thuat todn Meggit duge trinh bay trén hinh 3.10. Trén hinh 3.10a)
chi ra so d6 giai ma chung. So d6 bao gém:

- Thanh ghi dich dém v&i n 6, dé ghi nhd n ddu mé clia tir ma thu dugc;
- Mach thuc hién phép chia P(x) cho g(x), d€ xdc dinh cdc k¥ hi¢u du. C4 hai mach nay 1am vi¢c
trong n nhip thi k&t thic,
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- Mach phan tich du, ¢6 chitc ning x4c dinh dung vi tri clia 16i trong tir ma P, dé phat sinh ky
hi¢u sira 16i thich hgp. Mach nay c4n lam viec trong k nhip ti€p theo;
- Mach XOR dé stra 16i.

Néu s6 16i nam trong kha nang sira ctia bo gidi ma, thi sau (n+k) nhip, mach sé& sira xong mot
tir ma.

Trén hinh 3.10b). trinh bay mach gidi ma C(7, 4) v6i da thie sinh g(x) = x3 +x+1 theo
phuong phap Meggit.
- Trong 7 nhip ddu, cdc ky hiéu ma P, dugc nap vao thanh ghi theo trinh ty tir ky hiéu a,, cuéi
cung dén a,. Péng thoi mach chia cling lam viéc, dé khi két thic, xdc dinh dugc cédc ky hiéu du.
Chiing duoc nhd trong thanh syndrome.
- Mach phan tich ky hiéu du, bao gdm: phan tir NOR véi 3 ddu vao, trong dé ddu vao 3 1a diu
vao dao. Mot dudng phan héi tir ddu ra vé ddu vao mach chia. Mach nay ¢6 chic ning, sau khi

stra xong 161, s& dua trang thdi c4c 6 nhé ciia thanh ghi syndrome vé 0.

Ching ta trinh bay hoat dong clia mach dé sira 16i tir ma P =1001*101 , trong d6 Ky hiéu c6
ddu (*) chi ky hiéu mic 16i. Qu4 trinh gidi ma trinh bay trén bang 6, hon nita chi trinh bay tir
nhip 7.

p P

) —t—> Thanh ghi dich dém n 6 h—?—f
a

Mach [— Mach J
P M

— phéan
74
1213 4 A

h' P
sl tich du
o)
=/J /J =-é_; '/nl =/ Ll /r -/J

M
7
N budng phéan héi T

&

-

o

.

s
N I
—1 3 {2 P
b) — =
———é—ﬁbNOR
: ._h 0
3 Ll 0]

Hinh 3.10. So d6 khéi chung ctia phuong phap giai ma Meggit a);
mach giai ma ciia phuong phap nay véi da thic sinh g(x)=x>+x+1 b).

Sau khi két thic nhip 7, trang th4i thanh ghi sydrome 1a 1- 0- 1. Vao nhip 8, ba ddu vao ciia
phén tir NOR 1a: 1- 0- 0, d4u ra NOR 12 0 (do tic dung dao). V6i mach chia, ky hiéu dich vong
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1 vé 6 s6 1. Céc nhip 9, 10 tiép theo 12 cdc nhip dé dich ky hiéu dén o thtt 3, déng thdi ddu ra
NOR 1u6n 1a 0. Nhip 11, ba ddu vao NOR 1a 0-0-0, cho nén déu ra 1a 1. D6 Ia nhip dé sta x°.
Déng thoi & nhip nay, k¥ hiéu sira sai theo dudng phin héi quay vé dau vdo mach chia, cong
mod2 véi k¥ hiéu 1 ra & d6, dé dua thanh ghi syndrome vé toan 0.

Sau (7 + 4 = 11) nhip, mach giai ma két thiic qud trinh giai ma sira 161 mot tir ma (tat nhien, chi
mot 161).

Bang 7. Qua trinh giaima P

TT xung Trang thdi cdc o nhd P daiu
nhip thanh ghi sydrome ra
1 2 3

7 1 0 1 -

i 0 O 1
9 o 1 © 0
10 0O 0 1 0
11 ¢ ¢ 0 0

5. CAC MA BCH
Céc m3 BCH (Bose Chaudhuri Hocquenghen) 1 mot nhdnh ciia ma Cyclic. Mé duge xay dyng
dya trén viéc xdc dinh 56 t 16i cn sita va tham 56 m - bac clia da thic i gian.
Véi s6 nguyén m > 3 va t bat k¥ (t < 2™ — 1), cdc tham s6 cila md BCH duge xdc dinh nhu sau:
- Do dai khdima: n=2" - I;
- S6 ky hieu kiém tra: n -k < mt;
- Khoang cdch Hamming t6i thiéu: do > 2t + 1.
Pa thife sinh g(x) ¢lia ma BCH Ia thira s6 chia hét cia da thire (x" + 1). Muon xdc dinh g(x)
¢4n phan tich da thic (x" + 1) ra thira s6 16i gidn, dudi dang:

(x” +1)= (x+l)ﬁ<1)f-(x)

Khi d6 da thitc sinh duge xdc dinh:
g(x) = BSCNN @, (x)@,(x)..®,,_, (x)} (3.46)
trong d6 cum tir viét tht BSCNN = boi 56 chung nhé nhat;
@, (x)- da thitc bic m, phai 1a da thic sinh co sd. Mot vai da thitc sinh ¢¢ 80, vdi cdc bac m

khéc nhau, duge trinh bay trong bang 8.
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Goi o 1a nghiém ctia @ (x), thi nghiém cla ®;(x) phdi 1a o, cdn nghiém cha D5 (x) phaila
o’. Titc 12 nghiém ciia cdc da thic ®, (x) phai sip xé€ptheo trinh ty: o, o', o, ..., o,

Thidy I: xét trudmg hopm = 3, n = 2%-1 = 7. Phan tich da thite (x” +1) duce hai da thitc 13 thira
$6 101 gidn, nhu ching ta di bist trude day. Da thic sinh co s& g,(x) duge chon theo bang 8.

Bang 8. Cac da thirc sinh co sé bac m (m < 32)

m glx) m 8lxj

1 x+1 17 7 e x? 4

2 x4 x+1 18 B x7 41

3 x4+ x+1 19 P rx® e x? x4l
4 xPax+l 20 x4l

3 x> +x? 4l 21 x4

6 x®4x41 22 x4 x+1

7 T +x+1 23 x4 5% 41

8l extaxdaxtel Lol AL S
9 %% +xt 41 25 x4 41

10 %434 26 2 4x8 i x e x el
ety x2 4 27 T’ v xtr x4l
12 X2 exf et x4l 28 xBaexd il

13 extrxd e 29 ¥ +x? 41

14 X x40 x4 30 0 B ix? i xal
15 x4l 31 N axd 4l

16 ¥ x2xd px el 32 2k b xad

£2,:(x) =0 (x) =x +x+1. (3.47)
Goi nghiém clia @ (x)1a a, ching ta ¢6: &* + o +1 = 0, hay o’= &t +1. Tir quan he nay, chiing
ta ti€p tyc xdc dinh duge céc of, vai s mii i khic nhau. Hon nifa, chiing 1a thdy céc of dugc xdc -

dinh theo quan h¢ «' mod (o’ +1). Cic biéu thitc cha ham mi o dudi dang da thic va nhi phan
dugc trinh bay trong bang 9a.
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Bang 9a. Cac biéu thitc cia hAm mil o du6i dang da thikc va nhi phan (m = 3}

Ham mii Pa thie Nhj phin Ham md Pa thic Nhi phan
0 0 000 o 1+oe 011
1 1 001 ot o +ox 110
ol a 010 o’ o4 +1 111
ol ol 100 of ol +1 101
Dé dang xdc dinh duge @ ;(x) nhu sau:
Oy(x) = x> +x% +1
Bai vi @, (a3) = 0. Nhu vay, da thic sinh g,(x), duge xédc dinh:
g2(x) = (x3 +x+ 1Ix3 +x2 + 1) (3.48)

K&t qua ndy, khong xa la d6i véi chiing ta, nhu da biét khi nghién ciu ma Cyclic.
Thi du 2: xét trudng hop m = 4, n = 2*-1 = 15. Phan tich da thiic (x"* +1) thanh cdc da thic 12
thira s6 t6i gian dugc:

(x'-‘+l)=(x+1)(x2 +x+llet e x+ile? 1% w1t + 27 +x2+x+1)

Pa thirc sinh co sd g,(x) duge chon A D, (x), c6 dang:

g(x)= O, (x) =x* +x+1. (3.49)

Tuong tng v6i ma C(15, 11), ¢6 do = 3, sira dugc € = 1 16i.

Néu goi nghiém ciia @;(x)1a o Chiing ta ¢ o' + a +1 = 0, hay o= « +1. Tit quan hé nay,
chiing ta tiép tuc xdc dinh duogc cdc o, v6i s6 mil i khdc nhau. Hon nifa, chiing ta thay céc o'
duoce xéc dinh theo quan hé o mod (a'® +1). Céc biéu thifc clia ham mil o dudi dang da thifc va
nhi phan duge trinh bay trong bang 9b. '

D¢ xdc dinh da thic sinh gy(x), ¢4n xdc dinh ©4(x). Hon nita, ®;(x) phii ¢ nghiém 12 o’.
D& dang thir (hodc phan tich ra thira s& ctia nghiém) dé xédc duge @5 (x):

(2[)3(J|c)=x4 +x+x? x4l

Doc gia dé dang thay a® vao biéu thic trén, dé duge D, (a3) = 0. Nhur vy, da thifc sinh g,(x)
duoge xdc dinh:
20 =)D = +x+ D *+ x5+ 2+ x+]) (3.50)
= e +x5 404+ 1

Tuong dng v6i md C(15, 7), ¢6 d, = 5, stta duge t = 2 164

150



Chuong 3: Cic ma chéng nhiéu

Khi ¢in séra t = 3 16i, c4n x4c dinh @5(x) D& dang x4c dinh dugc @ (x)} cé dang:
O5{x)=x2 +x+1
Vi @(a’) = 0. Nhu vay, da thte sinh gi(x) duoc xdc dinh:

g3(x):g2(x)(D5(x)=xm+x8+x5+x4+x2+x+l (3.51)
Twong ting v6i ma C(15, 5), 6 d, = 7, sira duge t = 3 16i.

Bang 9b. Cac biéu thitc ciia ham mii o' du6i dang da thic va nhi phan (m = 4)°

Ham mi Pa thic Nhi phin Ham mi Pa thic Nhi phan
0 0 0000 a’ o'+ o+l 1011
1 0001 o at+] 0101
o o 0010 o’ o’ +o 1010
o? o 0100 o'’ a’+ o+l 0111
o’ o = 1000 a' ool +o 1110
o a+l 0011 o' o'+l +ot] 1111
o oo 0110 ot a'+a? +1 1101
of a'+al 1100 o' a*+l 1001

Thudt todn ma héa va gidi ma ctia ma BCH hoan toan tuong tw nhu ma C(n, k). Céc giai thuje
phat trién d€ gidi ma BCH, doc gia c6 thé tham khao & tai liéu khéc, ching han [13, 14]

6. MA REED-SOLOMON

Ma Reed-Solomon la mét 16p con dic biét clia md BCH khéng nhj phan. Ma Reed-Solomon
trong trudmg hop chung duoc goi 12 ma g-ary. Ma Reed-Solomon sifa sai t khéi 16i, sir dung céc
ky hi¢u trong truomg GF(q), cé cdc tham s& nhur sau:

- B dai khéi ma: n=q-1, véiq =p", plasé nguyén t6, m > 3;
- D0 dai kh6i ky higu kiém tra: n - k = 2t, véi t 1a s6 kh6i méc 18i ¢dn sifa;
- Khoang cdch t6i thi€u clia bé ma: d, = 2t + 1. _

Ngudi ta thudmg ky hiée ma Reed-Solomon: RS(n, k, 2t).

Hi¢n thoi mi Reed-Solomon duge sir dung trong trudng hop dic biét q = 2™, khi d6 ta ¢6 ma
Reed-Solomon trong trugng GF(2™). Da thic sinh g(x) trong trudng hop ndy duge xdc dinh nhu
sau: goi & 12 nghiém clia da thic nguyén thily bac m, duge chon lam da thite co s& cho t4t ci cic
da thidc bac <m. Goi t 14 s6 kh6i méc 18i cdn stfa, thi da thic sinh duge xdc dinh:

gx)=(x+a)x+a’).(x+a)

2 2¢-1 2
=gyt gx+ g, x ..+ g, X +Xx
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RS rang g(x) cé cic 56 a,az,...,a’z’ 12 nghiém va cé cdc hé s6 thuoc truong GF(2™). Sau
day, ching ta xdc dinh da thitc sinh g(x) cho vai md RS don gian nhit.
Thidu l: XétmaRS(7,5,2) vdithamsd m=3,n="7,t=1,k=235. Dathic sinh g,(x) ¢d dang:

2 3

g,(x)::(x+a' x+a2)=x tatx+a (3.52)

Conmi RS(7,3,4) véitham s6 m =3, n=7,t =2, k = 3. Pa thifc sinh g,(x) ¢6 dang:

3 4

Yid® 3

gz(x)=gl(x){x+0: x+a4)=x Pl vax+a

Thi du 2: Xét ma RS(13, k, 2t) vdi tham s6 m = 4, n = 15. Cdc da thic sinh g(x) duge xac duGi

(3.53)

dang:
Khit=1, gi(x)=(x+e x+a‘2)=x2 +a’x+o >RSS5, 13,2)

Khit=2, g,(x}= g,(x)(x+a3 x+a4)= et v abx? vty +al’

— R¥(15, 11, 4)
. Khit =3, ching ta cé:

g4(x) =g2(x)(x +a5)(x +a6)

=xS v 1 0xt 1’ v+ +a®

- RY(15,9,6) (3.54)
6.1. Qua trinh ma héa: Gia thir ching ta ¢6 da thic biéu dién cic khéi bit thong tin dudi dang:

I(x)= ak_,xk_' +ak_2xk_2 +...+f,12Jnc2 +ax+ag

trong d6 cdc hé s6 a; 12 cdc phén tir cha GF(2™) va ching 1a cdc s6 nhi phan m bit - goi chung la
kh6i m ky hiéu, c6 thé bi€u dién dudi dang da thirc bac m, véi he s6 nhi phan c6 cdc gid tri & cot
3 va cot 6 bang 9 (B9a véim = 3; B9b vdi m = 4). Thuat todn ma hda gém 3 budc:

- Xdcdinh: I'(x)= x" xI(x);

- Thyc hi¢n tim da thiic du 7(x) = I'(x)modg(x);

- Pathitc md V(x) =1"(x) +r(x)

Chiing ta thay thuat ton nay gitng thuat todn md héa & md Cyclic. Tuy nhién, diéu khdc biet
co ban & day 1a phép nhan va phép chia cic heé s6 clia I(x) véi g(x) 13 phép nhan va chia cic da
thitc bac m, phai thuc hién theo mod( " +1). Con phép cdng vA phép trir cdc hé¢ sO cling bac fa
nhur nhau va 1a phép cong mod2. D€ minh hoa thuat todn ma héa trén, ching ta xét mot vai thi
du sau day.

Thi du 1: Xét qud trinh ma héa v6i md RS(7, 5, 2). Gia thir chiing ta c6 chudi s6 ligu, duge trinh
dién trong dang cic khdi 3 bit, nhu sau:
[=110_001_101_11%_100.
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Da thite biéu dién I(x) c6 dang:

Hx)=a*x* +12° +ax? +a’x+ a2

Buoc I: XacdinhI'(x)= x" . I(x)=x I(x) a*x® +1.x Sraxt +a’x’ + o 2x?
Buoc 2: Xdc dinh r(x) = I'(x)modg(x). Céc tinh todn trong muc nay tuon sir dung bing 9a).

4 3 2| x2+a4x+a3
ax+lx+ax+ax+ax T3 Z

’ax +a’x +ox? +alx+1

atx® toox +1.xt

a3x5 +a3x4 +a:5x3 +a:2x2

a3x +1x +a6 3

ax“ +ax3+a2x2

oot +adxd 4 gty

a6x3 +a.x2

o:6x3 +a3x2 +a6x

1.x? +a

].x2 +a4x+0:3

ax+a’ = r(x)

Buoe 3 V(x) =I’(x) + r(x)

4 6 4 3 2 3 3

1.x° +raxt+a’x +a’x’+a x+a

(3.55)
Trma V tuong ing:
V=110_001_101_111_100_011_011 (3.55a)
Qua thi dyu don gidn ndy, chiing ta hly suy nghi vé phép chia I’(x)/g(x), thy ring trong d6 4n
chida qud nhiéu phép tinh s6' hoc d6i véi céc da thic bac m trong trudng hitu han GF(2™). Tir d6,
s€ hi€u vi sao thuat todn ma RS ra ddi tir nAm 1960, nhung mai gdn day nho xust hién cdc DSP
(Digital Signal Processor) 16¢ d¢ cao, md RS mdi tim thay img dung thuc tién.
Thi du 2. Xét thi dy khdc vé qud trinh m3 héa véi ma RS(7, 5, 2).
Gia thir chting ta ¢6 da thitc biéu dién kh6i céc bit thong tin:

I(x) =’ va? P rabs ralv+at

Béng céc tinh todn tuong ty, ching ta nhan duoc:

2.5 6 4 2.3 4 6 5

V(x)=a5x°+a x> +a’x* +a’x ratx? +alx+a (3.56)
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Thi dy 3. Xét qud trinh ma héa v6i mi RS(7, 3, 4). Gia thu ching ta c6 chudi s8 liéu, duge trinh
dién trong dang cdc khdi 3 bit, nhu sau:
=111_011_110

da thic ma tuong g I{x) = o x? +ar3x+f::r4

Buéc I: Xéc dinh I'(x) = x" . I(x) =x4.1(x)= a’x® a3 +atxt

Bitge 2: Xdc dinh r(x) = I'(x)modg(x)

3 3

x? +1x +oax +a
&’

x* 1
asx{’ +a3x5 +a4 4‘

X rlx+a
r(x):aoc3 +axt+a’x+at
Buge 3: VX) =T(X)+r(x) = o’ x® + a3x5 +4:2:'f'x4 +oox +ox? + 0:53(+::z4 (3.5
Tirma V wong tmg:
V=111011_110_010_010_111_110 (3.57a)

Thi du 4: Xét trudmg hop RS(15, 9, 6), sira duge t = 3 khéi 16i. Gia thir chiing ta ¢ chudi cdc

khéi bit thong tin dugi day, hon nira, dé tién Igi cho st dung, chudi cdc khdi bit thoéng tin duge

trinh dién dudi dang cac khéi 4 bit nhu sau:
I1=0001_0111_0000_0110_1011_1010_1100_0001_0111;

trong tng véi da thic:

3.5 7.4 9.3 6

I(x)=x8+a]0x?+0.x6+a raxt e’ rabxt v1x+al®

- BI: I’(x) dugc xdc dinh theo I'(x) = x" xI(x), véir = 6, ching ta ¢6:

10xl3 511 7 9 9 6 8

+0x? +a’x +a %% + ¥ 10,6

I’(x)=x14+a +1x +a'%
- B2: Bé tinh da thiic du r(x), ching ta thurc hién phép chia: I'(x}/g(x), dugce:

A ra' %P r0x? x5 1o x4 05 b H1xT F e Ox® |g3(x)

Pa thic phdn nguyén:  q(x)=x*+x;

Dathite phindie  r(x) = 0x° + & x* +a2 %% +&®x% +a®x+0

- B3: Da thic V(x) tuong tng: V(x) = I’(x) + r(x)

Vix) = 1% 1 0x"? 1! +a x0+a% rabx¥r1x T+ a0

0+t v’ +a’x? +abx+0 (3.58)

Tir md V tuong ing:
V=0001_0111_0000_0110_1011_1010_1100_0001_0111_0000
_0110_1011_1010_1100_0000.
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6.2. Qua trinh gidj hoa
a}. Gigi ma RS sia 1 16;
Goi V(x) 1a tir md phat, c6 dang chung nhu sau;

n xn——2

Vix)=v,_x - +V, 5 -i~...+v2Jf:2 + VX + v
trong d6 cdc he s6 v; 1a kh6i m k¥ hiéu nhj phan;
Goi P(x) 14 tir ma thu, ¢6 dang chung nhu sau:
P(xy=r,_x"or x"2
trong d6 e(x) - da thitc 181, c6 dang chung:
e(x)=e, x" " +e,_,x"? 4. .+ x4 ex+eg
cdc he¢ sOr;, & 1a khdi m ky hi¢u nhi phan, Giita chiing ¢6 méi quan hé:

+...+r2x2 tHx+ry =V (x)+e(x)

Qud trinh gidi mi RS gi6ng qud trinh gidi md BCH, cdn phéi xdc dinh vécto Syndrome, dudi

dang:
S=50, 8.0, 5y, -
Trong ma RS sira 1 181, cdc gid tri Syndrome duge xdc dinh:
Sy = P(a) = e()

s, = P(a’) = e(a’)

(3.59)

Khi khong mdc 18i, tt.nhién s,= s, = 0, Khi kh6i m ky hi¢u thit i bj 16i, gid tri clia cde

Syndrome sé 13:
So=€;. O,

5 =¢. azi.

Tir cong thic ndy, ching ta xdc dinh duoc vj trf khéi m ky hiéu thit i bj 16 va gid trj khdi 15 e,

tuong tmg, theo cong thiic:

i_ ¥ i
o =— -5 x
5o

s
52 )
e1=_ —> a,
]

trong cong thifc trén, ky hiéu x'- chi vi tri cfia bién x mil i bi méc 16i:

COn & - gid tri khéi 18i. Sir dung né d€ tim ra a; (khéi diing) theo cong thic:

a;=a; +a; (@ - he s6 a b mic 16i & vi trf tuong wng véi x')

(3.60)
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Thi du 1: Chiing ta thir nghiém cdc tinh todn cita thuat todn trén, voi thi du 2, & phdn ma héa.
Céc tinh todn trong muc nay luodn sir dung bang 9a). Khi d6, ching ta c6 da thitc ma phat Vi(x)
(xem cong thiic (3.56)) nhu sau:

Vix)= ax® +a?x +abxt v +aty? +abxta’

Gia thir tir ma thu ¢6 181 & vi trf (i = 6), 161 duge ddnh ddu (*)
Px) =a¥x® +a?x’ +alx* ra?xP + a*x? valx+a’
Ching ta x4c dinh duge cdc thanh phdn Syndrome theo (3.59):

s =P(a) —a'al +ata’ +alat +ata’ +ata? +aba+a’=af;

sy =P(a?) —ata? +ata rabat +alad ratat +ata? vad =a’:

Xic dinh theo cong thic (3.60):

3
T 1 - se
-viufléi: d'=—]r=a Lo’ =0.'6—>1010v;lr1x6;
(24
642
T o .
- gid tri chia 16i: ¢; _{ 5) =a’ =001 =g,
o

He s6 o, ding, duogc xdc dinh:
@;=4; +a] =001®110=111=a’.
Piing nhu gi thiét tir ddu,
b). Gidi md RS sita 2 16i
Chiing ta ciing gia thi&t tir md phdt V(x), c6 bac (n-1), trong d6 ¢6 (n - 4) khoi bit thong tin,
m&i kh&i m bit va 4 kh6i ky higu kiém tra, m&i khéi m ky hiéu. Tir ma thu duge P(x), gia thi€t ¢6
2 18i. Gia sir kh6i k¢ hiéu thit i va thit k bi méc 18i. D€ sira cdc 16i ndy cdn tinh cdc Syndrome

sau:

5o = Pla)=e(a) = ei-o:" + ekak
5= P(az) = e(az) = efaZf +eka2"‘
59 = P’y = e(a’) = e,-a3f +ekaf3k

§3 = Platy=ela*)= e,a“ +eka4k

Ky higu Y, va Z, 12 gié tri 18i v vj tri 15i thit nhdt, cdn Y, va Z, 1a gid tri 181 va vi tri 161 thit hai

(Y, = e, Z; = a'). Khi d6 chiing ta cé:
Y s
} [ ‘}[ 2i] (3.61b)
Y2 S3

VA VA Y; s 3 3
[; ]HH g |4 2
Z{ Zjj\I] |s Zy Zy
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Chiing ta dinh nghia da thiic xéc dinh vi trf cGa [81 nhu sau [13, 14):
olx)=(x+Z ¥x+2,)=x 24 0(x)+ o,
Goi Z, (u =1, 2) - 12 nghiém cha phuong trinh (3.62), phai théa mén diéu kién sau:

Zlv o7, 40y =0 (3.62)
Bé xic dinh 0, 6, ching ta nhan cé hai vé ciia phuong trinh (3.62) véi ¥,.Z:*) | r6i cong
timg v€, khi bi€n déi chui y dén cic cong thic (3.61), két qua dugc:

Z( Z}H +G'| ‘_‘Zz_H +O'2Y ZI]‘HI):SH_Z +O']S£-+| +O'25] =0 (363)

trong d6 i= 1, 2, 3, 4. Sir dung cong thitc (3.63) véii=0, 1, chting ta ¢4:
5 8 ' s
Poso | 19|52
§2 5 ) 53
Tir phuong trinh trén, ching ta x4c dinh dvge o, 05 nhu sau:
_ 515> + 5033
312 +3052
5853 + 853
5+ 8508,
Bé xdc dinh vi trf 18i Z,, Z, cén thyc hién phép thir, bing cdch thay thé ln luot a® dena "
vao cong thiic (3.62), dé tim ra cac @' thich hop.
Thay th€ cdc Z, thich hop vao (3.61a), chiing ta xdc dinh dugc:
ZZZ Sp + Z2 -8
2 2
2125 +Z{.Zy

N =

le'SO+ZI‘S|
Z].Z§+Z[2.Zz

Y, = (3.65)
Chui y: chi xdy ra hai 16i khi A, =s|2 +505y # 0, néu nguoe kai A, = slz + 8052 =0, thitir
ma dang xét chi mic mét 1.

Thidy 1: Xét md RS(7, 3, 4). Gia thi tir ma phdt V(x) ¢é dang:

Vix)=a?s® +a*s® +abx* +a’x+ b

Gia thir tirt ma thu duge c6 2 131, twong ing véi vitrii =35, k =6, ¢6 ddu (*) nhu sau:

6 6 5* 6 .4 3

Px)=a®x" +a®x>" +a®x* +alx + b
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Chuing ta tinh cdc gid tri syndrome nhu sau:
59 =e(a)=a:'0 +a'+al vt +ab =ab

5y =e(a2)= a®+a'+a v’ +ab =0’

5y = e(a'3)= a?+a? +a® rab +ab =af

53 =e(a4)=a28+a26+a22 +al +a®=0

Xéc dinh A, =512 + 8089, duge: Ay = e . Tir d6, theo (3.64), chiing ta xac dinh dugc:
oy = alla=a
o=’ la= at

Sau khi xdc dinh duge &y, &5, ching thir véi cic ' v6ii=0,1,.,6 vao phuong trinh

Z% +0,Z, +05 = 0. Ching han, véi a'= &’ (i=5), chiing ta c6:

a®+aa’ +at =0
véi a'= a® (k =6), chiing ta co:

a?+aa®+at =0

Nhu vay, vi tri 16i tng véii= 5,k =6, (Z; =a°, Z, =a®) nhu da gia thiét. Doc gi hdy ty

thir véi cdc o’ conlai, i=0, 1,..., 4, xem c6 gid tri nao thda min khong.

Chiing ta xdc dinh cdc gid tri 161 theo cong thire (3.65), nhu sau:

a1236+a6.a3 054-}-{22 a -4 7 3
NS ¢~ 3 3~ 5°¢ & =@
[# 300K ¢ 4 +a& A a ta [74
¥, = am.a6+a5.a3 a2 +a 62'4 1 7 6

= =e————= X =
as.a12+a1°.a6 a3+a'2 a5

X4c dinh gid ding clia kh6i m ky hi¢u nhu sau:
as =1 +a¥ =a +a®=0a’
g =Y, +a* =aqb +at =d?

K&t qua nay hoan toén phil hgp véi gia thiét o trén.

Qus4 trinh gidi ma RS dang don gidn nhu trén ciing rat phic tap, phai thuc hign qud nhiéu phép
tinh s6 hoc véi da thifc bac m trong trudmg hitu han GF(2™).

Ma RS la loai ma khéi higu qua nhit hién nay (theo quan diém dé sira t khéi 18i, chi cin 2t
khéi k¢ hieu dur), dac biét né rdt thich hop dé sira 161 ddm dai.
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7. CAC MA XOAN

Cdc phuong phdp ma hod va gidi mi, ma chiing ta vira khao sdt trong cac tiét trén, thuoc loai
ma khéi. Khi sir dung cic ma nhu thé, chudi ky hig¢u théng tin néi tiép duge chia thanh cdc khoi
va duge mi hod riéng biet. Nhu vay, két qud ma ho4 ching ta duge céc tir ma khong phu thude
lan nhau, va ¢6 cling do dai.

Khi sir dung ma xodn dong s6 liéu duge chia thanh cdc khéi ¢6 do dai k nhd hon nhidu (trong
trudng hop phé bign k = 1), duge goi 1a cde doan bit thong tin,

Cdc doan bit théng tin duge ma hod, dé nhan dude tir ma dai » ky hi¢u. Ma xo4n 1a loai md cé
nho, trong mach dién mi hod bao gbm: k bit thong tin vao, m 6 nhé, n bo ciong mod2 va mor bo
don kénh d diu ra. Nho bo don kénh ma cit k bit thong tin vio, sé tao ra n ky hieu mi dau ra.
Hon nifa, » ky hiéu ma ddu ra khong chi phu thuéc vao & bir théng tin vao & cing thoi diém, ma
con phu thude vao m bit théng tin vao & cic thoi didm tride d6, dugce ghi nhé trong m 6 ghi dich.
Vith€, mé xoan thiimg ky hieu ia X(n, k, m).

Sy phdt trién clia ma xoén khic véi su phét trién clia ma khéi. Khi xay dung ma khoi, cic
phitong phdp dai s6 thudng dugce sir dung rong rai dé gidi ma chiing. Trong trudng hop ma xoén
thi khong. Phdn 16n céc ma xoén thudng tim con dudng nghién citu nhd mdy tink dién ni dé chon
ra cdc dic tinh wu viét nhit. Giai ma xodn duoc dién ra bang phuong phdp ham hop 15 cyc dai,
hon nita, trong trudng hop nay ching duge thyc hi¢n khé don gian.

7.1. Ma hoa ma xoén

Trén hinh 3.11, trinh bay ba mach dién ma hod m3 xodn don gidn nh4t. Hinh 3.11a) biéu dién
mi xo4n h¢ théng X(2, 1, 3). Cdc mach dién nhy the niy dvgc goi 1a ma xodn hé théng, Vi trong
céc ky hiéu ma ddu ra, chiing ta c6 thé phén biét duoc dau 1a céc bit thong tin, dau 13 cdc ky hi¢u
kiém tra. Con trong hinh 3.11b) bidu dién ma xodn khong h¢ théng X(2, 1, 2). Cic mach dien
nhu the nay duge goi 1a md xodn khong hé thong, vi trong céc k¥ hiéu ma ddu ra, ching ta khong
thé phan biét duge dau 13 cdc bit thong tin, d4u 1a cdc ky hiéu kiém tra. Trén hinh 3.11c) bidu
dién mach dién m3 hod ma xodn Vayner Esse. Mach dién nay dién hinh cho mi xoin £ bir théng
tin ddu vao (k = 3) va n ky hiéu ma ddu ra (n=4)

T6c do ma hod (ciing goi ty le ma) cia cdc mach ma hod duge ky hieu 12 R va duge xdc dinh R
= k/n. Tham 56 nay ciing dic trung cho d6 du thira clia bo ma g = &/n. G hai mach mi hod diu
R = 1/2, con & mach ma hod Vayner Esse R = 3/4.

Bay gi®, chiing ta nghién citu cdc phuong phdp phan tich hoat dong clia mach ma hod ma
xodn, dé 1am co s& cho cdc qué trinh gidl ma.
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c¢) Mi xoin Vayner Esse (4, 3, 2)
Hinh 3.11. Céc mach dién ma hoa ma xoén.

7.2. Cac phuong phép phan tich hoat dong ciia mach ma hoé ma xodn

Trong phén nay chiing ta han ché chi phan tich hoat dong clia mach ma hod ma xoan khong hé
théng X(2, 1, 2) nhu hinh 3.11b).
a). Phuwong phdp bdng

Hoat dong clia mach ma hod ma xoan, néi chung, c6 thé trinh bay bing phuong phdp béang.
Truée hét, ching ta nhan thdy ring: cdc ky hiéu ma & ddu ra bo XOR M, ky hiéu la u, dugc xdc
dinh nhu sau:

M logic u, = miic logic a ® mifc logic b @ muic logic ¢, khi xét & ciing thoi diém 1.
Cic ky hiéu ma & ddu ra bo XOR M,, ky hiéu la u, dugc xdc dinh nhur sau:

Mt logic , = mic logic a @ miic logic ¢, khi xét & ciing thdi diém 7.
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Khi biét cdc bit thong tin ddu vao I, chang han I = 1101... cic ky hiéu ma dau ra V, duge xdc
dinh nhu bang 10.
Bang 10. Két qua ma hoa

That tur Piu vao Trang thdi céc 0 ghi dich Miic logic Dau ra
nhip I 1 2 a b ¢ u, u,

0 - 0 0 - - - - -

i 1 1 0 1 00 b1

2 1 1 I 10 01

3 0 0 L 01 1 01

4 1 1 0 1 0 1 o0

5 1 1 1 1 0 01

Két qua ma hod tir bang 10, cho bigt 1=1101... - V = 11- 01- O1- 00 - 01~ oy YOI mbi cap
d&u ma, ching ta sir dung mot ddu cich, dé chi ra cip diu méd &y dugc ma hod tuong tmg véi bit
thong tin nao.

Phuong phédp bang cho két qua tryc quan, dé hiéu, nhimg chi thich hgp cho cdc trudng hop don
gian.

b). Phuweng phdp da thiic két noi
Véi phuong phap nay, méi ddu ma ddura «, u, duoc phét sinh nhes da thiic sinh g(x) twrong ng,
khi da biét da thiic biéu dién c4c bit thong tin dau vao. Céc da thiic sinh ¢é dang chung nhr sau;
g(x)=g,+gx+..+g,x" (3.61)
trong d6: - m béc ciia da thifc sinh, bing s6 lugng 6 ghi dich ciia mach ma hod:
- h¢ 56 g; dugc xdc dinh bing sur két n6i v6i bo XOR tuong ung. Hé s6 g, = 1, néu ¢6
ket ndi clia vj tri twong tng voi bo XOR, nguoc lai, hé s6 g, = 0.
V6i mach ma hod nhu hinh 3.11b), chiing ta c6:
- Da thifc sinh tao ra da thic mi u,(x), cé dang:
8 (x)=1+x+x* hay biu dién duci dang he s6 G, =111
- Da thifc sinh tao ra da thitc ma u,(x), c6 dang:
g(x)=1+x" hay biéu dién dusi dang he s6 G, =101
Khi d6:
U (x) = 1(x).g,(x)

u,(xy=I(x).g,(x) (3.62)
a day I(x} - da thic cdc bit thong tin ddu vio.
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Da thic clia tap ddu ma ddu ra duge x4c dinh dudi dang:
Vix)=u(x)*u,(x) (3.63)
& day ddu * chi phép xoan cdc hé s8 ciing bac tuong ing cia hai da thic.
Chéing han, ching ta st dung lai cdc s6 liéu & muc trén, tifc 1a cdc bit thong tin dau vao cd dang
I=11011..., da thfc biéu dién chiing duge xdc dinh:
I =l+x+x" +x* +..
Céc da thiic u,(x) va u,(x) duoge xac dinh nhu sau:
u(x)=1(x).g,(x) =+ x+x* +xt 2 )+ x+x)=lex+x" +x" 4+

x+xl+xt x4+
e+ O+ Ly

=1+0x+0x” +0x* +0x* +...
w, (1) =1(x).g,(X) = (I +x+x +x* + J(+x)=1+x+x" +x" +..
Laxte O+ L+

=l+x+x+0x’ +x" +...

@ day cdn chii ¥ mot diéu 1a: da thiic biéu dién céc bit thong tin c6 bac dén bao nhiéu, thi bac
clia céc da thitc u,{(x) vA u,(x) ciing chi 14y dén bay nhiéu. Trong thi dy cu thé & trén 1a bac 4.

Két qua xoén hai h¢ s6 cing bac tuong img cla cdc da thic u,(x) va uy(x) duge:

V=11-01-01-00-01-...

R& rang két qua nay phi hop véi phuong phdp bang da xét & wrén.

Phuong phdp da thitc két n6i rat thuan tién, boi vi tir dang cu tric cia thiét bi ma hod, ta c6 thé
xé4c dinh ngay duge cac da thiic sinh.

Bang 11. Cac hé sé cia da thifc sinh

Gl G2

i 101

111 1101
11101 10011
111011 10100111
110001 11111001

Trong bang 11 trinh bay céc da thic sinh (& dang cdc h¢ s6), ma cic thiét bj mi hod mi xoén
thudng sir dung trong thye tién.

c). Phitong phdp so do trang théi
Tir cdc mach ma hod ma xofn, chiing ta nhan thay réng néu thanh ghi dich ¢6 m 6, thi s6 lugng

trang thdi N = 2™. Hon nifa, ¢t m&i bit thong tin di vao thi trang thdi cdc 6 ghi dich s& thay déi
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va dua ra n ky hieu ma. Co thé bidu dién mdi quan h¢ giffa trang thdi cdc 6 ghi dich véi cac ky
hiéu ma ddu ra nhe phuong phép so dé trang thai.

Chiing ta hdy bt ddu tir trudng hop don gian nhat, v6i mach ma ho4 nhu hinh 3.11b). Mach
nay c6 hai 6 ghi dich, s6 luogng cdc trang thai N = 2% = 4. Chiing ta ky hi¢u céc trang théi ay Ia
A, B CvaD, vai:

A=00-061c6trang thdi 0, 6 2 ¢6 trang thdi 0;
B=10-061cétrangthdi 1,62 cé trang thai 0,
C=01-61cotrang thii 0,62 c6 trang thdi 1;
D=11-61c6étrangthail, 62 c6 trang thai |

Trong phuong phép nay, trang thdi cac 6 ghi dich duoc bidu dién 12 cdc hinh tron, bén trong ghi
trang thdi tuong mg. Lién he giita cdc trang thdi duoc biéu dién bing cdc miii tén, chiéu cia mii
tén chi chiéu thay déi trang théi. Hon nita, qui dinh khi bit thong tin ddu vao 13 I, mii tén dugc
v& bang nét lién, con ngugc lai, khi bit thong tin ddu vao 12 0, miii ten ducc vé béng nét ditt. Tren
cdc mili tén ghi cap ddu ma ddu ra, goi 14 1 md nhdanh. So dé trang thai trong trudmg hop nay
duoce biéu dién trén hinh 3.12.

00

Hinh 3.12. So dé trang thai ciia ma xodn X(2,1,2).

Tir so d6 trang thdi & hinh 3.12, n&u chiing ta bi€t chudi cdc bit thong tin ddu vao, ching han [
= 11011..., vA chon trang thdi ban ddu cia cic 6 ghi dich 12 A = 00, thi x4c dinh duge chubj
cdc trang thdi nhir sau: A—» B— Do C— B D... Chudi ky higu mi diu ra tuong \ing sé la:
V =11-01- 01- 00- O1... Néu ching ta chon trang thdi ban ddu cia cdc 6 ghi dichla D = 11, thi
xdc dinh duge chudi cdc trang thdi nhv sau: D— D—> D-> C—s B— D... Chuéi ky hiéu ma ddu
ra twong g s€ la: V = 10- 10- 01- 00- O1...
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Tit so d6 trang thdi, chiing ta thdy ring cdu tric dac trung cla cic mi xoén co6 tinh chat lap.
Trang thdi clia cac & ghi dich, kéo theo chuéi md V ¢6 c4u tric lap. Chu k¥ lap lai ngan nhét la
(m + 1), v6i m la s6 lugng O ghi dich, ti€p theo 1a (m + 2). Khi khong dé ¥ dén cdc trang thai lap
trong gian (hoac su 1ap clia cac tir ma nhdnh trung gian), thi chu k¥ 1ap con dai hon.

d). Phuong phap so do cdy

Phuong phap so d6 trang thdi hoan toan c6 thé x4c dinh duoc chudi cac ky hiéu ma ddu ra, khi
bigt chudi bit théng tin ddu vio va trang thdi ban ddu cdc 0 ghi dich. Tuy nhién, phuong phdp
nay chua biéu dién dwgc chudi ky hiéu md ddu ra nhu la ham cia thoi gian t. Phuong phdp sa d6
cay bd sung thém tham s6 thoi gian, dé xéc dinh thét gian xdc ldp cdc nit cia cdy (cling €6
nghia 1a thoi gian xdc Igp trang thdi cde 6 ghi dich). So d6 cay cua ma X(2,1,2) dugc trinh bay
trén hinh 3.13. So d8 nay duoc v& nhu saw: cly duge vE tir trdi sang phai, bat ddu tir nidt goc,
twong tng v&i thoi diém t,, cdc nut tiép theo tuong fing véi thai diém t,, ty, ty,... Tir mit géc moc
ra 2 nhanh (vi ma co 56 2), mot nhanh di lén trén, mot nhanh di xuong dudi. Quy udc nhanh di
1én trén tuong tng véi bit thong tin vao 1a 0, ngugc lai, nhénh di xuong dudi twong ting vdi bit
thong tin vao 1a 1. Trén cdc nhdnh ghi cip dfu ma ddu ra tuong \ng, goi 1a “tr md nhanh”. Cay
ti€p tuc moc dai ra vé bén trdi, cho dén khi bit thong tin vio sau clng.

Tir s¢ d6 cay hinh 3.13, néu biét cc bit thong tin dau vao I =1101... Bét ddu tir nit gdc (tuong
fmg v6i trang thai ban ddu céc 6 ghi dich la A = 00) di theo dudng miii tén nét dit trén hinh &,
chiing ta xdc dinh duge chudi ky hitu md ddura V =1 1-01-01-00-...

Néu ky hiéu do dai chudi bit thong tin ddu vao lak, thi téng s6 nhdnh ca cay s& la:

S¢" nhdnh = i 2'
i=l
Con s6 nhanh sau thoi diém c6 bit vao thit k 13 2% Nhu vay, cdy ma cang phic tap- cang nhiéu
nhénh, khi s6 bit ddu vao ting len.

Mot dic diém khéc clia cay ma la 161 thi€u sau m+/ 14n phan nhanh (m - s6 6 ghi dich), thi
cfu tridc cha cay 1ap lai. M4 xoén X(2, 1, 2) c6 m = 2, nén 161 thiéu sau ba 14n phan nhdnh, ciu
triic cAy lap lai (bt ddu tir thoi diém t,).

S dé cay khong chi sit dung dé biéu dién dac trung mé khi md hod, ma con ding dé gidi md.
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00
00
411
00
10
11
01
00
— ¢ 11
10
00
11
01
T 01
o 10
——‘1 00
11
~ 10 L
'y 10
N~ 00
; 01
1
N , 11
__-> i: 01
&1 [+ 00 X
B 61

Hinh 3.13. So d6 cay cda ma xodn X(2, 1, 2).
e). Phuong phdp so dé lwéi

So d6 ludi duge xay dung tir su két hop cia so dé cay VA so do trang thai, vira xét & trén. Ciing
nhﬁ da biét & trén, céc gid tri ¢, d€ ghi nhan thei di€m xéc lap trang thdi c4c 6 ghi dich.

Luéi gom céc miit va cdc nhdnh. Nit biéu dién trang théi 6 ghi dich. Nhdnh lu6i duge biéu dién
béing cdc mili tén, ndi cdc niit cla luéi, chidu chia mii tén x4c dinh huéng thay d6i trang thdi 6
ghi dich. Quy wéc:

¢  Cic nit bidu di€n ciing mot trang thdi, nhung xdc lap & cic thoi diém 1, khéc nhau, duge
V€ trén cling mot hang,

¢ Céc nit biéu dién c4c trang thdi khdc nhau, nhung c6 thé xdc 1ap ¢ cling thoi diém ¢,
dugc v& trén clng mot cot,
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» Miii tén vé& bing nét lién, khi bit thong tin vao 1a 1. Nguge lai, mii tén v& bang nét dit,
khi bit thong tin vao 14 0. Trén cac nhdnh ghi cip ddu ma d4u ra twong ing v6i sy thay
déi trang thai, v goi 12 “r md nhdnh”

So d6 ludi cha ma xodn X(2, 1, 2) duge vé trén hinh 3.14.

Tir so d6 tudi, khi biét chudi cdc bit thong tin vao va chon mot trang thdi ban du cia cdc 6 ghi
dich, chdng ta hoan toan xdc dinh duge chudt cdc ky hiéu ma dau ra. Chang han, céc bit thong
tin vao I = 11011..., chon trang thdi ban ddu ctia cdc 0 ghi dich la A = 00, chiing ta xdc dinh
duoc chudi cic trang thdi sau: A(t)— B(1;) > D(ty) » C(t) = B(t;) - D(t), tuong ing
chiing ta xdc dinh chudi ky hi¢u md ddura: V=11-01-01-00-0l...

So d6 ludi khong chi sir dung d€ biéu dién dac trung ma khi md hod, ma con ding d€ gidi md.

Hinh 3.14. So d6 lu6i cta ma xodn X(2, 1, 2).
7.3. Giai m#a xo4n theo thuat todn Viterbi
Ky hiéu chudi ma thu 12 P, cdn chudi méa phat1a V.

Phuong phdp gidi ma xodn t6t nhdt 1a phuong phdp sy giéng nhau cuec dgi, ma khi gidi ma Cﬁ;‘l
x4c dinh bé cde xdc sudt ¢ diéu kien p(P/V)) theo tat cd cdc kha nang ¢6 thé clia chudi ma phdt
V;. U'ng v6i chudi ma phat V; nao d6, ma xdc sudt cé diéu kién p(P/V,) dat gid tri cyc dai (trong
trudmg hop P khong 18i, thi p(P/V,) = 1), thi chudi md thu P = V; d6, hay néi cdch khdc: chudi
md thu P giong chudi md phdt V,; dy cyc dai.

D6i véi kénh doi ximg nhi phdn khong nhé (kénh trong d6 xdc sudt truyén cdc ky hieu O va |,
ciing nhu x4c suft 16i dang 0—1 va 1— O 1a nhu nhau, déng thoi céc 16 & ky hieu j va i khong
phu thugc 14n nhau) gidi ma theo phuong phép sw gidng nhau cuc dai din dén gidi ma theo
khodng cdch Hamming cyc tiéu. Khi d6 cdn xdc dinh khoang cach Hamming gilta chudi mé thu

P véi 14t ca cdc kha ning cha chudi ma phat V,. Ung véi chubi ma phat V; nio d6, ma d(P, V))
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cye tiéu (trong trudng hop P khong 18i, thi d(P, V,) = 0), thi chudi ma thu duoc x4c dinh theo
P=V,ds.

Tuy nhién, khi cdc tham s¢ clia mach m3 héa 13 16n, dong thoi chudi bit thong tin ddu vao 1a
dai thi phuong phap giai ma nay c¢é vé nhu khong thuc tién. R4t may 13, nhu da biét tir cic mtc
teén, cdu triic ddc tring ciia chudi ma xodn c6 tinh chdt Idp (cau triic cla chudi mi s& lap lai sau
mot s6 tir ma nhanh nhét dinh, chu k¥ 1ap tai thiu phu thuoe vio tham s6 m - s6 lugng & nha
trong mach dién ma héa), diéu nay cho phép thuat todn trd thanh 6 tinh thyc tién.

Y wdng ddu tién cia phuong phép giai ma nay duge Viterbi dva ra vio nam 1967, Thuét todn
lam viéc nhur sau:

Gia thir & ddu vao clia mach giai ma ¢6 chudi ma thu P dai tiy ¥, nhung hitu han. Chudi mai thu
P duoc cat ra thanh nhiing mdnh 6 do dai b, vugt chiéu dii ciia tham s6 m — s luong o ghi dich
trong mach ma héa. Tham s6 b duoc goi 13 chidu sdu gidi md. Xdc dinh trong s6 Hamming gitia
tir mé P (trong khuon khé chiéu sau gidi ma) véi tat ca cdc kha ning cla chudi ma phat V,, ciing
trong khuon khé chiéu sau giai ma 4y, véi qui udc trang thdi ban ddu cia cdc 6 nhd (thong
thudng trang thai ban ddu ciia cdc 6 nhé g véi ldn xdc dinh thi nhat 1a trang th4i toan mic 0).
Tuong ing v6i chudi ma phat V; nao, ma trong s6 Hamming clia con ducng, duge xdc dinh 1a
tong trong s6 Hamming clia céc nhinh thich hop, 1a cye tidu, thi 1ay P = V, 4y. Tir d6, khei phuc
dugc cdc bit thong tin phia phdt da giri di tuong g véi chidu sau gidi mi dang xét.

Qu4 trinh gidi mi & /dp /gi v6i nhing manh ciia chudi ma thu 1i€p theo, cho dén khi két thic
cia chudi mi P.

Nhu vay, thudt todn gidi ma xoén theo Viterbi gia cong lién tiép cdc manh cia chudi ma thu
trong khuon khé cia chiu sau gidi ma. Tir d6 xdc dinh duge mot con dudng (trén so dé cay hay
trén sa d6 1udi) c6 trong s6 Hamming cyc tiéu, tinh tir di€m xust phét cho dén diém cuéi ciing,
dugce goi 14 dudng di hop 1y hay 167 u. Trén con dutmg d6 chuoi md thu P giong chubi ma phat
V; cye dai. Chiing chi khdc nhau & céc ky hieu méc 18i.

Chiing ta trinh bay hoat dong ciia thuat todn gidi ma xoén theo Viterbi bing mot thi du don
gian nhdt - mach ma héa ma xoén khong hé théng X(2,1.2) nhu hinh 3.1 1b) va qué trinh gidi ma
sir dung 5o d6 ludi nhu hinh 3.14.

Gia thit manh déu tién cia chudi ma thu cé dang P, = [1- 01- 01- 10 - 01 (Chiéu sau gi4i ma
trong trudmg hop nay duge chon bing: b=m + 3 = 5), Két qua qua trinh tinh trong s6 Hamming
tdt ¢ cdc nhdnh dugc trinh bay trén hinh 3.15a).

Tai cac mit\A =00, g vé&i cdc thii diémt, (i= 1, 2, 3, 4, 5, 6), chung ta ky hiéu céc niit 13 a,
a), &, , a;, a4, a, . Cling tuong ty nhu vay cho cdc nit B = 10, c4c nit C = Ol, cdc nit D = 11.
Trang thdi ban ddu cla c4c 6 ghi dich 13 A = 00. Trong s6 Hamming cta méi nhérh duge xdc
dinh theo cong thiic: |
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Wnhdnhi = W(tir mi nhanhi @ tit mi thu, - tinh & ciing khodng thoi gian 1,- £,,,).
1}. Tai thoi diém ban ddu t,, trang thdi cdc & ghi dich a = 00. Tir trang thdi 00 chi ¢6 thé din dén
& thai diém t, hai trang théi: hoiic 00 (al) hoac 10 (bl), tiy thudc bit thong tin vao mach ma héa
12 0 hay 1 va trén so d6 1udi ¢ cac “tir ma nhdnh” hodc 00 hodc 11, con tir méd thu duge tuong
{mg véi khodng thdi gian d6 1a 11. Két qua tinh trong s6 cdc nhdnh nhur sau:
Waal =W(O0@ 11)=2, Wabl =W(11@11)=0,
Két qua trinh bay trén hinh 3.15b1).

Hinh 3.15a). Két qua tinh trong so Hamming tdt ca céc nhdnh.
2).0" théi diém t, tn tai mot trong hai trang théi hoac 00(al), hogc 11(bl). Chuyén sang thdi
diém t,, tity thudc bit thong tin vao mach md héa 1a 0 hay 1, ma 6 thé c6 bon trang théi tat ca:

al— a2 hay b2, hoic bl— ¢2 hay d2, véi cc tir mi nhdnh tuong dng, con tir mi thu duge tuong
tg véi khoang thdi gian d6 13 O1. K&t qué tinh trong s6 cdc nhdnh nhu sau:
Wala2 =W{0®01) =1, Walb2=W(11@01)=1,
Whlc2 =W({10D01)=2, Whb1d2 = W(01 ® 01) =0,
K&t qué trinh bay trén hinh 3.15b2).
3). O thoi diém 1, tdn tai mot trong bon trang théi 12 a2, b2, ¢2, d2. Khi chuyén sang thoi diém
t,, cling s& tén tai mot trong bon trang thdi a3, b3, ¢3, d3, v6i céc tir ma nhdnh trong tmg, con tit
mi thu duoe trong khodng thisi gian t;—> t, 1a 01, K&t qua tinh trong s6 cdc nhdnh nh sau:
Wa2a3=W(@0&01)=1, WaZb3=W({l1o0D)=1,
Wb2c3=W(10D01)=2, Wb2d3 = W01 D 01)=0,
Wc2a3=W(l1@0)=1, We2b3=W({00&® 01) =1,
Wd2c3 =W(01201)=0, Wd2d3 =WI0® 01) =2,

168



Chuong 3: Cic ma chéng nhiéu

4). O’ thoi diém 1, ching ta nhan thdy 12 méi nit déu ¢6 hai nhanh din vio. Vi the thuat todn
gidi ma thyc hién tink ngioc trong s6 cdc con dudng tinh 1ir thei diém t, trd vé thai diém ban ddu

t,. K&t qua tinh ngurge cdc trong s& duge trinh by trén hinh 3.15b3).

11 01 11 01 0l
tl--.z.-.tz.-.l.-.tz'\)/ala2=l ”_.2_--‘2_1___‘3.-.1.__tf {Wa3a2ala=4
1 a a’\a} a al{y /83 Wh3c2bia=3 |
lWab1=0 8 b szale:l / {Wb3a2ala=4
N Wb3c2bla=3 }
C=01l. WWblc2=2 “a_[Wc3b2ala=5
¢ <l \S Wc3d2bia=0 |
D=11, . Whid2=0 [Wd3b2ala=3
d db a2 Wd3d2bla=2 |
bl) b2) b3)

Hinh 3.15b). Cdc budc tinh trong s6 Hamming cdc nhdnh va buse tinh nguoc,

Sau ket qua tinh nguoe, thut todn gidi ma s& fioe bd con dudng nao c6 dng trong 56
Hamming 16n hon, v6i méi nit chi giif lai mot con dudmg din téi n6. Néu gap trudng hop ca hai
con duding dan tdi mét it déu 6 ciing tdng trong s& Hamming, thi thuét todn gidi ma giit lai ca
hai, chér xir 1y & budc 1i€p theo.

Két qua luge bé duge trinh bay trén hinh 3.15¢).

o o
t t
A=00: ¢ ¢ s Wablc2ad=3

B=10 e ; Wablc2b3=3

C=01e ¢ . Wabld2c3=0
02 9:’ C3

D=lle¢ 2 2 o Wabld2d3=2
d2 3

Hinh 3.15¢). Két qua loai bo cdc dudng c6 trong s6 Hamming 16n hon
dén cac nit a3, b3, ¢3, d3 ¢ thoi diém 4.
Céic bude ti€p theo, tir thoi diém t, dén thoi diém t, tinh ton twong tu. Két qua trinh bay trén
hinh 3.15d) va hinh 3.1 5¢).
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1“2013014 15 {Wada3c2 4
q t t 4 a4a3c2bla=
A=00, I 24 Wadc3d2bla=1}

B=10 e 4 {Wbda3c2bla=4
Wb4c3d2bla=1}
C=01] o . :.c 4 {Wcdb3c2bla=3
< Wcdd3 d2bla=4}
D=11e °

A {Wd4b3c2bla=5
Wd4d3d2bla=2}

Hinh 3.15d). Két qua tinh trong s6 Hamming cdc nhanh tir t4 - t5.

Wabld2c3a4=1

Wabld2c3b4=1
Wablc2b3c4=3

Wabl1d2d3d4=2

Hinh 3.15¢). Két qua loai bé cdc con dudng cé trong s Hamming ién hon
d6i v6i cde niit & thoi diém 5.

Ti thei diém t; dén thoi diém 14, ciing thyc hién tinh todn twong ty nhur cdc budc & trén. Két qua
tinh todn dugc trinh bay trén hinh 3.15f) va hinh 3.15g).

K&t qué luge bd cac con dudng cb téng trong s6 Hamming 16n hon duge trinh by trén hinh
3.15g).

Tir hinh 3.15g) chiing ta thiy cdc nit a5, b5, ¢35, d5, mdi nit ¢6 mot con dudng din dén voi
t6ng trong s6 Hamming tuong ing: Wa5 =2, Wb5 = 2, W¢5 = 2, Wd5 = 1. Thuit todn di thuc
hién cic tinh todn xong d6i v6i mot chiéu sau gidi mi va xdc dinh dugc mot doan dudng c6 t6ng
trong s6 Hamming nho nhét. DS 1a doan dudmg bt ddu tr nit a va két thuc & niit d5: a—> bl—
d2—> ¢3-> bd—> d5, c6 téng trong s6 Hamming cuc tiéu va béng 1.
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11,01 01 1o o1
A=00'L ot "'l‘“f'és (WaSadc3d2bla=2

WaSc4b3c2bla=4}
{Wb5ad4c3d2bla=2

o Wb5c4b3c2bla=4)
‘\% 5 {Wc5b4c3d2bla=3
o Wc5d4d3d2bla=3}
{Wd5bdc3d2bla=1
Wd5d4d3d2bla=4)

Hinh 3.15f). Két qua tinh trong s6 Hamming cac nhanh tir thai diém ¢S - t6.

11201301 10t5016
1 t. to tf ad ---l---ta 5 Wabld2c3ad4a5=2

b

D=11e .

A=00"
a

B=10 ¢ < S Wabld2c3adb5=2
C=01 o . Wabld2d3d4c5=2
C
(o)
D=11, Wabld2c3b4d5=1

Con dudng hop 1y (t6i wu): a- bl- d2- c3- bd- d5
Hinh 3.15g). Két qua Joai bd cdc con dudng ¢6 téng trong s6 Hamming c4c nhdnh 16n hon
va chon ra con duimg hop Iy.

Sau khi xdc dinh duge doan dudng hop 1%, manh ddu tién ciia chudi ma P duge xéc dinh bing
cdc it md nhdnh trén duong di hop 1y, tic 1a;

P=11-01-01-00-01

Chiing ta ciing nhan th&y ring trén dudng di hop 1y & nhanh nio c6 trong s6 Hamming khéc 0,
tuong tng véi khoang thdi gian dé tir ma P méc 16i. Trong thi du cy thé ndy, d6 1a khoang thoi
gian tir t,—> t,.

Cdc bit thong tin gii di 1 phia phdt duge khoi phuc theo qui tic sau: di trén dudng hop 1y tir
diém khdi ddu cho dén diém cudi: néu di trén duong nét lién clia so d6 1udi, bit théng tin duge
khoi phyc bang 1. con nguge lai di ten dudng nét dit cia so d6 luéi, bit thong tin duge khoi
phuc bdng 0. Trong thi du cy thé nay, cdc bit thong tin duge khéi phuc c6 dang:

1=1-1-0-1-1 (hai nhdnh nét lién - ti€p dén nhanh nét ditt - réi hai nhdnh nét lién).
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Qué trinh gidi md tiép theo dugc bat dav v nit d5 va v6i cling chiéu siu gidi mé, toan bd céc
tinh todn duge lap lai tuong tu nhu trén. Vi dic diém nay, mé thudt todn Viterbi duge goi 1a thudr
todn gidi md Idp.

V&i ma xodn X(2. 1, 2), khi chon chiéu sau giai mi nhu trén, néu 16i khong thugce cip ky hiéu
mi cubi, chdc chdn gidi md ding che mot 16i. Trong trudng hop mdc hai 16i, tay theo vi tri cia
181, c6 trudng hop gidi ma ding, ¢6 trudng hop khong; néu tang chiéu sau gidi ma them 1, ¢6 thé
gidi ma diing duge. Chiéu sau gidi ma 1a mot dai lugng ngdu nhién, khong thé dinh trude dugce,
n6 phy thudc vao xdc sudt xuat hién 18i, cing nhu vao thdi di€m xuat hién 16i. Van dé chon t6i
uu chiéu sdu gidi ma 14 khé. Thong thudng chonm <b <m +3.

Chiing ta cdn xdc dinh khéi lugng tinh todn va dung luong nhé cia thuat todn Viterbi, trong
khuon kKhé chidu sau gidi mi. S6 trang thdi & thdi diém t; 12 2", méi nit & thoi diém t; cd 2 nhénh
tir 2 niit & thosi diém t,, din dén. Nhu vay, tir thoi diém t,, - t;, €6 tat c& 2.2™ = 2™ nhénh, cho nén
kh&i lugng tinh todn ciing nhu dung lugng nhé cén 2™'. Trong khoang chiéu su gidi mi cdn
kh6i luong phép todn tinh trong s¢ Hamming cdc nhdnh va ciing nhu s6 lugng thanh ghi dé ghi
nhé chiing, duge tinh theo cong thiic:

T=[2™"%(b-m)x)+ 2 +27+...+2M]. (3.64)

Chiing ta nhan thay ring trong m khoang thdi gian ddu, s& lugng cdc nhdnh dugce tinh nhu sau:
tir thoi diém t, - t, chi ¢6 2 nhénh, tir th¥i diém t, - t, 6 2% nhédnh,..., tir thdi diém t,, - tn,, 0 27
nhanh. D6 13 mot phin d€ gidi thich cong thifc trén. '

Chéng han, khi s6 lugng 6 nhé m = 2, cdn chiéu sau gidi md b = 5, thi s6 lugng thanh ghi dich
cha mach giai ma d€ ghi nhé trong s6 Hamming c4c nhénh, duge tinh theo cong thife trén la:

Tm=2,b=5)=[2%(5-2)+(2+25)=24+6=130
Mach dién gidi md theo thuat todn Viterbi cdn T thanh ghi dang ROM dé ghi nhd tir mé nhdnh
trong khuon khé chiéu sau giai mé. Chiéu dai méi thanh ghi dugc xdc dinh nhut sau:
n 6 dé ghi nhd tir m& nhénh,
2 6 d€ ghi trang thdi nh4nh: “nét lién" = 1, “nét dit” =0,
2m 6 d€ ghi: trang thdi ndt khdi ddu cha nhénh va trang thai mit két thiic cda nhanh
- Két qua chiéu dai thanh ghi 1a: L = n +2 +2m.

Mach dign giai ma theo thuat toan Viterbi ciing cAn T thanh ghi dang RAM dé ghi nhd trong
s6 Hamming ctia céc nhanh trong khuon khé chiéu sau giai ma.

Mot vAn dé khic khi giai ma theo Viterbi 12 van dé bao dam déng bo tir md thu dugc véi tir mé
nhanh, tic 13 phai xdc dinh diing déng bo thdi diém khdi ddu, d€ tinh trong s6 cdc nhanh duge
chinh xdc.

Ngoai thuat todn Viterbi, ma xodn cdn duge gidi bang thuat todn Fano.
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8. MA TCM (TRELLIS CODED MODULATION)

Trén hinh 3.16 biéu dién mach dién ma héa clia ma TCM theo chuin V.32bis. Mach ma hda
baoc gém:
- Bo chuyén d6i n6i 1i€p thanh song song & déu vao;
- BO ma hda vi sai;
- B4 ma xoén phi tuyén;

- B6 anh xa d4u ra.

»l06
—m Q3
— >
Bo = - Q3
chuyén Y2
Vag| i ndi Ra

tiep/ ? >yl
song Bﬁ
song ‘1 #nh
W | xa

30

— i, iy

i+l

- Bf) Tl L Bo e ﬁn_phl tuyén_ e e

Hinh 3.16. Mach dién ma héa ciia ma TCM.

B6 ma xoén phi tuyén c6 t6c d6 2/3 v6i 3 phén tit nhd, ddu ra ciia phin tir nhé thit ba duge dua
hoi ti€p vé diu vao cla phdn tir nh¢ thi nhat. Quan heé giita céc trang théi hién tai va trang th4i
ké sau duge mo té bing phuong trinh:

Wly=W3,
W2y =W1,@Y1,0Y2,0[W2,072,)0W3,]
Wi,a=W2,®r2 )eW3,en,)

Theo d6, biéu dién hinh hoc sy chuyén déi trang théi s& c6 dang nhu trén hinh 3.17.

Nhan xét thiy cdc trang thdi hién tai 0, 1, 2, 3 luén chuyén 6i céc trang théi ti€p sau 14 0, 2, 4,
6; con d6i v6i 4, 5,6,7 14 1, 3, 5, 7. Ddnh gid nay s& cho phép thuc hien mot thudit todn giai ma
(Viterbi) hi¢u qua.

Bo 4nh xa c¢6 tic dung din cich cdc di€m biéu dién tin hiéu trong mat phing bién do-pha
(ciing goi 1 bi€u dién chdm sao), cling déng nghia véi viéc nang cao khoang cach d, ciia bé ma.

Ma TCM duge xay dyng theo nguyeén tic s§ ky hi¢u du chi 1a 1, nhumg higu qua chéng nhidu
cao.

173



Co s& 1y thuyét truyén tin

Trang théi trudc
Wln-l Wzn-l W3ho
000 s

Trang théi hién thoi
Wln Wzn W3n W]n+l W2n+] W3U+l

Trang thdi ti€p theo

001

\

000

001

010 IS 010
011 :-.,.5‘:&3.{(..\‘,, -,,ez",%’g::& 011
XD 3.!-2:2.1 D=2

I RRT R BIZ ™ 100
100 SZEAAXXK  IERRK
101 —-A;za"‘“ = @!@““ 101
Z " L 2S
110 ‘v f = 110

111

111

Hinh 3.17. Luu d6 chuyén ddi trang thai cia ma TCM.

9. MA TURBO

9.1). Nguyén ly chung md Turbo

Ma Turbo ciing thudng duge goi 1a ma tich Turbo (turbo product code), vi cau triic ciia chiing
gém x4u chudi hai b0 ma xodn hé théng thanh phdn (RSC1, RSC2) v6i bo cai xen chen giita
(Hinh 3.18a). K&t qua xau chudi tao ra b ma manh hon nhiéu, ngay ca khi cdc bd ma thanh
phén y&u. Bo cai xen ¢6 tdc dung x4o tron céc bit trude khi dua vao bo ma thanh phan thit hai, dé
nang cao hiéu qua chéng 16i cia toan bd ma. Bo ma Turbo dugc dénh gié 12 bd ma khéi hiéu qua

nhat hién nay.

by

a) Bo ma héa Turbo

b) Bo giai ma lap Turbo

Hinh 3.18 Bo ma hoéa va giai ma lap Turbo.

Nguyén téc co ban clia thuat todn giai ma Turbo 12 gidi ma lap giita cdc bo giai ma thanh phdn
(Hinh 3.18b). Qud trinh gidi ma dugc thuc hién ldn luot véi timg bo gidi ma thanh phdn. Mbi bo
gidi ma thanh phdn s& gl cdc wdc dodn hdu nghiém (posteriority) vé kha nang likelihood ciia

chudi bit da duge giai ma, Le, dé€n b giai ma kia va sit dung mitc do giong nhau nhat cia bd ma

kia lam kha ndng tién nghiém (priority). Cac bit dit liéu khong dugec ma, x,, s& bi anh hudng

nhiéu hon bdi kénh truyén so véi céc bit dugc ma, X, va X, s& duge dua vio mdi bo gidi ma dé
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khéi ddu cdc kha nang tién nghiem. Qud trinh giai mé nay duge 1ap lai gidia cdc ddu ra cdce bo
gidi ma thanh phdn cho dén khi dat duge hieu qua sira 16i cao nhat thi thoi. M4 Turbo ciing c6
thé gidi ma bng thuat todn MAP (Max a Posteriori), x4c dinh chinh x4c dén tmg bit, chif khong
phai chudi bit, nhung phic tap hon.

9.2). Cdu triscc b6 md héa Turbo

Trén hinh 3.19 bi€u dién mach dién ma héa ciia ma Turbo sir dung trong CDMA-2000, véi céc

ty 1é ma R = 1,2, 1/3, 1/4. Mach dién bao gém:

e e _1

N'T‘urhug 1

bit | | 2 Trich

vao | | ZT b ky ————(NT"’f e
L . (o hi¢u —»
© Didu khié ; ky hiéu
T Bomansamahpinr | | A R

L | g —

e ez -

N Nwa
iukhién gy 12 héa thanh phan 2

[ i, s omsens e e e e+ e i J— —d

Hinh 3.19. Mach di¢n ma héa ma Turbo.
- Hai b méa héa ma xoén hé théng héi quy (Recursive Systematic Covolutional);
- B§ cii xen trong;
- Bo trich bo k¢ hiév va lap & ddu ra.

Bo mi héa Turbo lam viéc nhu sau:

Chuyén mach 1 (b ma héa thanh phdn 1) & vi tri | va dich timg bit thong tin ca khéi N, .., bit
(gid tri Ny phu thuge vao kich cd cha bo cai xen) vio bo mé héa thanh phdn 1; sau dé chuyén
mach & vao vi trf 2 va dich titmg ky hieu duoi trong s6 ba ky hiéu duéi cha bo ma héa thanh phin
1 12 ngoai; r6i ngimg dich cho ba ky higu duodi ciia b0 md héa thanh phén 2 dich ra ngoai.
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Chuyén mach II (b9 m4 héa thanh phdn 2) & vi tri 1’ (ciing thoi diém véi chuyén mach I) va
dich timg bit thong tin clia khdi N, bit ghi vao bo cai xen trong, r6i ti€p theo doc timg bit bo
cai xen theo mot thuat todn dinh trudc vao bod ma hoa thanh phdn 2; sau d6 ngimg dich, dé dich
ba ky hiéu du6i clia bo ma héa thanh phan 1; r6i chuyén mach & vi tri 2° va dich timg k¥ hiéu
duoi clia bo ma hoa thanh phén 2 ra ngoai.

9.3). Két cudi md hoa Turbo

Bo trich bd kY hieu s& liéu va 1ap lam viée tuan theo quy dinh & bang 12. Gid i “0” & méu
trich b6 c6 nghia ky hiéu s6 liéu nay bi bd qua (khong dua ra ngoai), con gid i “1” & mAu trich
bd cé nghia 1a ky hiéu s6 ligu nay duge dua ra ngoai.

Bang 12. Mau trich bo cho cic chu k§ ciia ky hiéu so liéu

Pidu ra Ty l¢ ma

1/2 173 1/4
X 11 11 11
Y, 10 11 11
Y, 00 00 10
X 00 00 00
Y 01 11 01
Y’, 00 00 11

Chii y: D61 v6i timg ti 1& m, bang trich bd s& dugc doc tir trén xudng dudi, sau do tir trdi qua
phai.

D6i v6i mbi bit thong tin ddu vio, ddu ra cla cdc bo ma hoa thanh phin s& dua ra chudi ky
hiéu & lieu theo chu k¥: X, Yo, Y), X, Yo, Y’,. Chu k¥ nay sé& duge ldp cho dén hét N, bit
vao. Tuy nhién, theo quy udc & bang 12, thue chat k¥ hiéu s6 lieu X luon luon bi bd qua. Nhu
vay, ma héa Turbo tao ra N, /R k¥ hiéu s6 liéu & dau ra.

Bang 13. Mau trich bo cho cic chu k¥ bit dudi

Ty 1 ma
Déu ra
172 1/3 1/4

X 111000 111000 111000
Y, 111000 111000 111000
Y, 000000 000000 111000
X’ 000111 000111 000111
Y 000111 000111 000111
Y’ 000000 000000 000111
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Chuong 3: Cdc ma chéng nhiéu

Ti€p theo, ma héa Turbo tao ra 6/R ky hieu du6i & ddu ra trong 6 chu ky. Mau trich bo cho céc
chu k¥ bit dudi duoe trinh bay trong bang 13. PSi v6i ma Turbo 1/2, céc ky duoi ra d6i vdi ba
chu k¥ ky hiéu duti ddu tién s& 1a XY,, cdn cic ky hiéu dudi ra d6i véi ba chu k¥ bit dudi con
lai s& 12 X’Y”,. D6i v6i ma Turbo 1/3, cic k¥ duoi ra doi véi ba chu k¥ ky hiéu duoi dau tién s&
1a XXY,, con cdc ky hiéu duoi ra ddi ba chu ky bit duéi con lai sé 1a X’ X'Y",,. P6i véi ma Turbo
1/4, céc ky dudi ra d6i voi ba chu k¥ ky hi¢u du6i ddu tién sé 1a XXY,Y,. cdn cdc ky hiéu dusi
ra ddi v6i ba chu ky bit dudi con lai sé [a X’ X Y, Y",.

Chi y: D61 vG6i ma Turbo 1/2, bang trich bd duoc doc tir trén xudng dudi, sau d6 tir trdi qua
phat. Doi véi md Turbo 1/3, 1/4, bang trich bd dugc doc tir trén xuéng dudi, lap véi X va X', sau
dé tir trdi qua phai.

(N Turbo + 6)

Két qua, ma héa Turbo tao ra ky hi¢u mi ddu ra. Tir nguyén tic lam viée cia

ma Turbo, chiing ta thdy ring ma Turbo 12 s két hop ciia md xodn va ma khéi.
9.4). Cdc bo cai xen Turbo

B4 cai xen Turbo 12 mét bo phan cita b6 ma héa Turbo. Bo cai xen Turbo la mdt ma trin bao
g6m (M hangx N ¢ot) = N4, cdc 6 nhé. Cic 6 nhé duge dénh s6 dia chi tir 0 dén N, -1, ching
han, theo cot.

[ Cong1 | .. MSB{ | Diachitiép
n MSB » vichon bit| Nhan » X6anéu | theo cha ddu ra
(i, geis) ; X ddu vio > bg caj
¥ | nlSB @ | nbit (LSB|, ® bt
. chon |— P Turbo (S.-H'l)_ it
Bo dém no |t L Gy
(43I | Traciu |nbig) | op (i ty)
| bang
\ | Bitdanh | 5 bit
SLSB| truse | (i, .i)

(igeni)) —
Hinh 3.20. Thi tuc tinh toan dia chi dau ra bo cai xen Turbo,
B cai xen Turbo lam viéc nhu sau: N, bit thong tin ddu vao duge viét vio ma trdn cdc 6 nhd
theo c4c dia chi bt ddu tir 0, cu6i cling Ny — 1.
Toan bg céc s6 ligu nay duge doc ra theo mét trinh dia chi duoc xdc dinh theo céc thit tyc trinh
bay & hinh 3.20, gém 9 buéc:
1).Bugc 1: Xic dinh thong s6 bo dan xen Turbo n, trong d6 n 13 s6 nguyén nhd nhat

d€ Np,pp, <2 Béng 14 cho chung ta cdc thong s6 nay;

177



Co s& 1y thuyét truyén tin

2).Buéc 2: Khoi ddu dua (n+5) 6 nhd cia thanh ghi dem vé trang thdi toan 0. R6i ghi (n+5) bit
thong tin & céc dia chi tir O dén (n+4) vao thanh ghi dém. Cdc bit théng tin duge biéu dién trong
dang: (i, 4ins3--d2i1ig ), trong dé céc bit {iy..4yi0) dugc goi 1a Sbit biéu dién gid tri thap nhat
clia chudi, ky hieu LSB (Least Significant Bit), con cdc bit (in+4...i6i5)dm;tc goi 13 nbit biéu
dién gid tri cao nhit clia chudi, k¥ hieu MSB (Most Significant Bit);
3}.Bude 3: Lay ra n bit MSB tir bo dém va cong 1, dé duge gid i méi. Sau d6 18y ra n bit LSB tir
gid tri méi nay dé sir dung cho budc 3, réi x6a 4t ci;
4).Budc 4: Tra citu bing 15 bing céch tir Sbit LSB chuyén thanh s h¢ 10, d€ xéc dinh chi s6.
Khi d3 bi&t n (Budc 1) s& xdc dinh duogc gid tri twong img 12 s6 giao ctia dong chi s6 véi cot n;
5).Bucc 5: Nhan cic gid tri nhan duge & budc 3 va bude 4 (hé 10). Chuyén két quéd sang hé 2,
sau dé 14y ra nbit LSB;
Bang 14. Thong s6 bg cai xen Turbo
Kich ¢& N0 Thong s6 bo cai xen-n
378 4
570
762
1.146
1.530
2.298
3.066
4.602
6.138
9.210
10.282
20.730

OND| o] 0 A I ON TR LA W

—
o

6).Butoe 6: Dao vi tri 5bit LSB cua bo dém thanh 5bit MSB;

7).Budc 7: Tao dia chi ra thir tir Sbit MSB (Bude 6) v6i nbit LSB (Bude 5);

8).Budc 8: Tiép nhin dia chi ra thir niy, n€u né nho hon N, nguge lai thi x6a bd;

9) .Buoc 9: Tang dia chi bo dém 1&n 1, rdi iap lai buée 3 dén bude 8, cho dén khi nhan duge

N dia chi ra cho b cai xen.

Thi du: D& minh chitng cho cdc bude trén, ching ta xét mét thi dy cu thé. Chon N, = 1530 =
34 x 43,
- B1: Tir bang 14 x4c dinh dugc thong 56 b cai xen n = 6;
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- B2: Gia thir cdc bit théng tin & (n+5) dia chi ddu tién cla b cai xen ¢6 dang: (100011_00101).

Nhu vay, LSB = 00101; con MSB = 10001 1;
- B3: MSB+1 = 100011_00001— nbit LSB = (100001),= (33),,;

Bang 15. Bang tra ctru bé cai xen Turbo

Céc chi s8 n=4 n=5 n=6 n=7 n=8 n=9 n=10

0 3 27 3 15 3 13 1

1 15 3 27 127 1 335 349
2 5 15 89 5 87 303
3 15 15 13 1 83 15 721
4 1 I3 29 31 19 15 973
5 9 17 5 15 179 1 703
6 9 23 1 61 19 333 761
7 15 13 31 47 99 11 327
8 13 9 3 127 23 13 453
9 15 3 17 1 1 95
10 7 15 15 119 3 121 241
11 11 3 31 15 13 155 187
12 15 13 17 57 13 1 497
13 3 1 5 123 3 175 209
14 15 13 39 g5 17 421 769
15 5 29 l 5 1 5 349
16 13 21 19 85 63 509 71
17 15 19 27 17 131 215 557
18 9 1 15 55 17 47 197
19 3 3 13 37 131 425 499
20 1 29 45 15 211 295 409
21 3 17 5 41 173 229 259
22 15 25 33 93 231 427 335
23 1 29 15 87 171 83 253
24 13 9 13 63 23 409 577
25 1 13 9 15 147 387 717
26 9 23 15 13 243 193 313
27 15 13 3l 15 213 57 757
28 11 13 17 81 189 501 189
29 3 1 5 57 51 313 15
30 15 13 15 31 15 489 75
31 5 13 33 69 67 391 163
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-B4: 5bit LSB cia bude 2 = (00101), = (5),,. Tit bang 15 émg voi chi 86 5 va n = 6, xdc dinh dugc
gid tri 5;

-B5: 33x5 = 165 = (10100101), , = nbit LSB = (100101);

-B6: Pao vi tri 5bit LSB cla bude 2 thanh 5bit MSB = 00101;

-B7: Tinh thir dia chi (00101_100101) = 2*+2°+27+2%+1 = (357) < Ny = 1330. Chép nhan lam
dia chi doc didu tién ciia bo cai xen. Nhu vay, cdc dia chi doc ra clia bo cai xen phu thudc ca vao
sé liéu.

10. XAU CHUO! CAC BO MA, CUNG CAC BO CAI XEN

Trong thuc tién, bat gap cac hé thong truyén tin, ma kénh truyén cua ching thudng xuyén bi
nhiéu r&t manh. V&i cdc he thong truyén tin nhu thé, khi truyén tin tic qua kénh, s& phdt sinh 16i
ddm dai, vuot khoi kha nang phdt hién va sira 161 cia mot bo ma riéhg I&, mic di1 chiing d3 duogc
thiét k& dii pinte tap. Ciing cin thiy ring thoi gian ma héa/gidi ma phy thude vao do phiic tap (s6
161 ¢6 thé sira duge) chia bo ma. Chinh diéu ndy din dén han ché t6c do truyén tin (chif khong
phai kha ning thong qua ciia kénh). Vi vay, ngudi ta dua ra § tudng xau chudi cdc bo mi
(thudmg 13 hai), v6i nang lyc thich hop, cling véi chiing 1a xau chubi cdc bo cai xen (interliaver),
dé nang cao ning luc chong nhiéu cha he thong.

Trong hai bo ma, theo trinh fy tit ngodi vao trong kénh truyén, bd mi thi nhat goi 13 bo ma
ngodi, cling véi né 1a bo cii xen ngodi, ti€p dén bd ma trong va bo cai xen trong. So do biéu dién
ching trén hinh 3.21.

Gia thir bd mi ngoai c6 tham s (n,.k,), bd ma trong ¢ tham s6 (n, k), thi b ma tuong duong
do chiing tao nén ¢6 tham s6: n = (n,x ny), k = ( k;x k;). Nhur vy, ndng Iyc cia by ma wrong
duong ciing tang theo, nhimg do du thira cling tang theo ti s6: % = %—il Trong thuc t€ thudng

1742
chon bo ma ngoai 1a md khoi, bo ma trong 1a md xodn.

Bg cai xen 13 mot ma tran (M c6txN hang) cdc 6 nhd, d€ ghi céc ky hi¢u mi vao theo mét trinh
tr ndo d6, cdn khi doc ra theo mot trinh ur khdc, véi chitc nang dé phan tin 16i dim 6t nhét
(theo quan diém sira 16i) Khi giai ci xen. C6 mot vai phuong 4n ghi/doc cdc ky higu mé G bo cai
xen. Phuong 4n don gian nhat la cii xen theo chu k.
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Vao | M3 hoéa Cai xen M3 héa Cai xen
— .- a—— - | [ | T
ngoai ngoai trong trong .
|
v
&5
Z g
3 &
T Giai cai . N
Ral Giai ma Gidi ma Giai cai
S .. xen - -] «——»
ngoai .. trong Xen trong
ngoai

Hinh 3.21. X4u chuéi cdec bé ma, ciing cdc bo cai xen.

a). Cai xen khoi theo chu ky

Trong trudng hop don gian nay, khi cdi xen, ngudi ta ghi céc ky hi¢u ma vao khéi, chéing han,
theo cdt, cOn khi doc ra theo hang; khi gidi cdi xen, thyc hién theo trinh w nguge lai, tic 13 ghi
cdc ky hi¢u ma vao khéi rheo hang, con khi doc ra theo ¢6t. (Hinh 3.22). Trong trudng hop nhu
thé, bo cai xen (gbm cai xen va gii cai xen) 6 tdc dung phan tan 16i dim véi chiéu dai nhod hon,
hodc bing M, thanh 16i don, nhu trudmg hop a) trong hinh 3.22. Khi gip cdc 16i ddm dai hon M
ky hi¢u, bo cai xen s& phan tdn thanh céc 16i ddm c¢6 chiéu dai nho, di nim trong kha nang sira
cha bo ma.

Tuy nhién, trong trudng hop x&u nhét, bo cai xen c6 thé vo tinh chuyén 16i don (cac 18i don
Xudt hién ¢6 chu k¥, trong cling mot c6t) thanh 18i d4m, nhu trudng hop b) trong hinh 3.22.
b). Cai xen gid ngdu nhién
Phuong 4n cai xen t6t nhét la phuong 4n dé cdc bo ma c6 thé phat hien va stra duoc moi dang I6i
xudt hién trén kénh truyén, khi dd xdc dinh nang lyc ctia bo ma va dang diéu ché€. Phuong 4n cai
xen gid ngdu nhien duge dé cap dén. Ngudi ta thudimg xdc dinh qui luat ghi/doc trén co s& mo
phong, véi tiéu chi cai thien (5t nhat ti s6 /N & ddu ra bo giai ma. Thuc tién, xdc dinh dugc mot
vai qui [uat nhu the, Chiing ta din ra day quy ludt clia bo cai xen CDMA - 2000,

Céc ky hiéu ddu vao duge ghi vao bo cai xen 14n luot theo dja chi tr 0 dén N - |, chéng han,
theo cot. Khi doc cdc ky hi¢u ra theo dia chi A,, duge xdc dinh theo thuat todn sau:

4; =2"(imod J)+ BRO,,{li/ J])
trong d6: i = 0 dén N-1;
tham s6 m, J dugc xdc theo bang 16;
[x] - phép tinh gid nguyén cha x;
BRO,([y]) - biéu thi gid tri m bit dao clia y (xem thi du).

181



Co sG 1y thuyét truyén tin

Chubi da ma héa (1, 2, 3,..., 34, 35, 36 )

boc —»

gj’ 11519713 17/21/25/29(33
2 [ 6[10]14]18]22]26]30|34
31 7111/15/19]23(27|3135
418 (12]16]20|24]28(32/36

Chudi da cai xen (1, 5, 9,....28, 32, 36)

( Keénh véi 16i ddm j

a).Chudi thu (1, 5,...,6%, 10%*,14*,...,32, 36)
(161 dam)

b).Chudi thu (1%*,5,...,2%,...,3*,...,4%,...,32,36)
(161 don)

él 1*| 59 [13]17/21/25(29|33
2% | 6% 10%14*| 18|22|26/30|34
3% 7 111{15(19(23(27|31|35
4%| 8 |12]16/20]24|28 (32|36

a). Chudi giai cai xen (1, 2, 3,...,5, 6*,..., 9, 10%,..., 13, 14%*,...,35, 36)
(161 don)
b). Chudi giai cai xen (1*, 2*,3* 4% 5,...,35, 36)
(161 ddm)

Hinh 3.22. Cai xen va giai cai xen chu ky, véi ma tran (9 x 4) 6 nhd.
Bang 16. Cac tham so bo cai xen (trich)

Kich thuéc N

ctia bd cai xen n .
48 4 3
96 5 3
192 6 3
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Bdng 16 tiép theo

Kich thuéc N
clia bo cai xen m J
384 6 6
768 6 12
1.536 6 24
3.072 6 48
6.144 7 48
12.288 7 96
72 3
144 4

Thidy: xétbo chi xen N=96 (m =5,] = 3), chiing ta thir tinh mét vai dja chi doc dau tien:
-i=0—»>imodJ=0,[i)]]=0, » A, =0 (qud trinh doc chi gitt cham 1 ky hiéu);

-i=1>imodJ=1mod3= LIA)=[1/3]=0, > A, =2 =32 (qud trinh doc bi giit cham 33

k¥ hieu);

_i=2_)imodj=2mod3=2, [jjJ]=[2/3]=0,—>A,.=25x2=32x2=64(quétrinhdgc bi giir

cham 65 ky hiéu);

-i=3—>imodJ=3mod 3 =1, [i/i] = [3/3] = 1, - tinh BRO([1]) nhu sau: (1)) = (00001),,
dao cia 5 bit nay 1a (10000), = (16}, , suy ra BROJ([1])=16 > A,=2"x 1 + 16 =80 (qud trinh
doc bi giit chdm 81 ky hieu) ; v.v...Do git cham toan kh6i duge xdc dinh bing max trong cdc

gid trj trén.

Nhur vy, cdc bo cai xen gay gii# chdm céc ky hiéu ma, do qué trinh ghi/doc.
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CHUONG 4
MOT SO THUAT TOAN MAT MA

1. VAN BE AN TOAN THONG TIN TRONG QUA TRINH TRUYEN

¢ Tir ¢6 xura, khi con ngudi ¢6 nhu cdu truyén tin cho nhau, thi nhimg rhéng tin quan trong va
nhay cam da cin duge giit bi mat. Nhu vay, bii todn gii¥ bi mdt théng tin di xuat hién rdt sém
trong lich sir cha nhan loai. Ngay nay, bai todn ndy cang them birc xte, phitc tap. Hon nita, do su
xudt hién cla nhi€u hinh thitc giae dich dién tir nhu chinh phii dién ti, thuong mai dién tiy, ..., tir
d6 xudt hién nhitmg bai todn mdi - véin dé xde thuc, bao dim roan ven néi dung tin tirc.
4 Bai todn giit bi mat thong tin khi truyén, ¢6 thé dugc giai quyét bing ba giai phap sau:
- Sir dung kénh truyén riéng, hoan toan bi mat;
- Strdung cach viét che gifu (dn gidu);
- Slr dung cdch biéh déi tin tic tir dang doc (hoac nghe, hodc nhin) Aidu dwec thanh ra
dang doc (hoac nghe, hodc nhin) khéng hiéu duoc.
Nhan xét vé€ ba giai phap:
- Gidi phdp 1. khong kha thi, vi xu hudng hoi nhap clia cdc mang thong tin ngay nay, chi c¢é nhur
vdly mdi ¢6 thé chia sé thong tin chung.
- Gidi phdp 2: Vi€t che gidu tin titc cdn giir bi mat vao tin ofc théng thudng - Steganography.
Chéng han:
* Taora ban tin thong thudng, ma mdi k¥ ty ddu cla céc tir hinh thanh nén ban tin c4n che
gidu;
® Vi€t ban tin thong thudng, réi diing muc hod hoc cham vio cdc ky tr dé hinh thanh nén
ban tin cin che gidu;
= Mot bitc Anh d s6 hod, c6 nhimg bit c6 thé thay d6i gid tri ma noi dung bic inh khong
thay d6i. Cdc bit ndy diing dé tai tin titc cén che gidu. Ngiy nay, t6n tai cdc thudt rodn
nhiing (Digital Watermarking) tir k¥ thuat nay.
- Gidi phdp 3: Thyc chét 1a sit dung mdt md hoc dé bao mat van bin, tin hiéu thoai, tin hiéu anh.
An toan thong tin rén mang, khi sir dung mat md hoc, ¢6 thé bio ddm duge ba chifc nang sau:
bdo mdt, xdc thic va todn ven noi dung tin tifc trong su6t qua trinh truyén (cho ring md kénhi c6
hiéu qua tuyét d6i). Trong chuong nay ching ta s€ nghién ctiv mot s& thuat todn mat ma, ¢ thé
bao dam duoc ba chiic néing trén.
Trudc hét chic nang bdo mdt tin titc, thong thudng duge thue hién bang so d6 mdt md Iruy;?n
thong, v6i céc thudt todn mat ma hién dai. So d6 khdi don gidn cla mat ma truyén thong duoc
trinh bay trén hinh 4.1a).
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“Tham khod X
P Tham ma X

M | Mihod |—» L )l ciaima o] Newi
nhin
X
K K
Ngudn ] X
sinh khod —> Kénh an toan

a) So d6 mat ma (ma hod/giai ma) voi moét khod K

Hinh 4.1a). So d6 khéi mat ma truyén thong - mat ma v6i mot khoa mat K.

Trén hinh 4.1a) chi ra so d6 qud trinh ctta mat mé truyén théng. Cac tin titc 15 nghia khoi ddu
thuding dugc goi 1a vdn ban 16 (plain text - van ban cong khai, vin ban géc), duge bién déi thanh
dang khong ré nghia ciia chudi céc ki tir (hodc cdc bit), duge goi 12 van bdn md (cipher text).
Qud trinh ma hod, bao gdm viéc st dung thuat todn va khod K nao d6. Khod - d6 12 mot gid tri,
dugc goi 1a khod mdt, khong phu thude vao van ban rd. K& qua ma héa, khi thue hién thuat
todn, phu thugc vae viéc sir dung khod K nay. Su thay déi khod din dén viéc thay déi két qua
nhin duge cta thuat todn.,

Van bin ma nhan duge ¢6 thé gifi cho ngudi nhan. Sau khi thu nhin duge van ban ma, ngudi
nh4n c6 thé bién d6i nguge lai thanh dang vin ban rd, nhd sir dung thuat todn phit hop va chinh
khod K da dugc sir dung khi mé hod.

Do tin ciy ciia mit ma truyén théng phu thudc vao mot vai yéu 6. Trudc hét, thuat todn mat
ma cdn phdi phuic tap, d€ khong c6 kha ning gidi mé, khi chi c¢6 van ban ma. Thyt hai, yéu t6 co
ban do tin cdy cua mat md truyén théng la khod mdt, trong khi dé chinh thuat todn mat mi
khong cdn bi mét. Do d6, gia thiét rang cdn phai bao ddm khong c6 kha niang thyc tién giai ma
tin tic trén co s& bi€l van ban ma, thdm chi biét thuat todn ma hod/gidi ma. N6i mot cich khde,
khdng yéu céu gilt bi mat thuit todn, nhung cdn bao dam giit bi mat khod K.

Mat mi truyén thong v6i phuong phép hién dai, duge thyc hién bing hiang loat thuat todn phite
1ap, tin cdy nhr: DES, IDEA, CAST-128, RC2, v.v.. Trong chuong nay, chiing ta chi dua ra thuat
todn AES - Advanced Encryption Standard lam thi du.

Chitc nang xdc thuce va toan ven ndi dung tin tiic duoe thue hién cing mét lic nhd st dung chi

ky s6. So d6 chit ky s6 phd thong nhat ngay nay dugc thuc hién nh& thudt todn RSA - Rivest
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Chuong 4: M6t s6 thuat todn mit ma

Shamir Adleman, hoac chudn chir ky s6' DSS - Digital Signature Standard, hodc chif ky s6 xay
dung trén dudng cong elliptic.

: - Thémma X
; - Thim mi KR
X Y X
Ban tin | Miahda HP----om-deeoaan —» Giai ma —» Nhin tin
A
KU, KR,

F 3

Catalog Nguon |
an toan stnh khéa I

a). Chifc nang bdo mat ctia mat ma véi khéa cong khai

, -Thimma X
! - Thim mi KR,
X X
Bin tin | Mi hoa —»  Giai m3 | Nhin tin
KR, KU,
Ngudn Catalog
sinh khda an toan

b). Chifc ning chir ky cha mat ma véi khoa cong khai

Hinh 4.1b). Hai chife nang chinh ciia mat ma v6i khéa cong khai.

Thuat todn mat mi véi khéa cong khai cung cip cho mébi ngudi trong cudc mot cap khéa. Mot
khéa goi 12 khda riéng, ky hiéu 1a KR - phai giit bi mar; mot khéa gol la khéa cong khai, ky hiéu
1a KU - d€ cdp cho d6i tac. Khi d6i tdc ma héa bing khoa cong khai KU, thi chite nang ca sg
dé 12 bdo mar.

Vi dé gidi ma chi ngudi c6 khda rieng KR tuong tmg méi thuc hien duge. Con khi ma héa
bing khda rieng KR, thi chirc nang cla so dd la xdc thyc - hodc chir k9. Vi chi ngudi c¢6 khéa

187



Co 53 1y thuyét truyén tin

riéng mdi 1am duge diéu d6. Hai chite nang chinh cta mat ma véi khéa cong khai duge trinh bay
trén hinh 4.1b).

Tuy nhién, ma héa/giai ma bing khéa cong khai ¢6 tdc do rat cham (cham hon hang nghin ldn
s0 vOi mat ma truyén théng). Vi thé, d€ k¥ xdc nhan mot tin titc ¢6 do dai bat k¥, trude hét can
phai tém luoc ban tin d6. Chifc ning ndy duge thuc hién nh& hdm bdm cé tinh mét chiéu. So 46
ham bam ¢6 tinh mot chiéu duge thuc hién bang hang loat thudt todn, ching han, MDS5, SHA-1,
RIPEMD-160, v.v..

So dé don gian thue hién ham bam va k¥ xdc nhan duge trinh bay trén hinh 4.2.

M ’® l

KLY, Compare

’ -6 }
i
EK Ral HOM1 | b

Hinh 4.2. Ky xdc nhan tin titc va Kiém tra chit ky theo thuat toan RSA.
Chii thich : M - Ban tin, KU, - Khod cong khai cla A,
H - Ham bam, KR, - Khod riéng clia A,

E/D - Thuat todn ma hod/gidi mi,

|- Phép ghép hai ban tin.
H(M) - Tém luge ban tin M,
E [HM)] - Ma hod H(M) bing kho4 riéng (chiic nang k¥, x4c nh4n).
2. CHUAN MAT MA DU LIEU TIEN TIEN (AES)

2.1. Sy pht trién

AES - Advanced Encryption Standard (tén ban diu Rijndael) I3 thudt toan mat ma khdi duge
cong nhén 1am chudn cia nudc My (NIST — Vién cong nghé va tiéu chuin qubc gia My cong
bd theo US FIBS PUB 197 vao thang 11/2001 sau qua trinh tir 5 tuyén chon). AES 1a thuat todn
mat ma duge lya chon dé thay thé thuat toan DES - Data Encryption Standard (chudn mét ma dif
ligu ciF).

Rijndael 1a thult toan duge phat trién tir thuat toan mét ma khdi Square cia 2 nha mét ma hoc
ngudi Bi Daemen va Rijmen (Square duge cong bd vao ndm 1977. CAu tritc ciia ching dya trén
mang mang hoan vj - thay thé (SPN - Substitution Permutation Network) ¢6 8 vong, 1am viée
va3i 128 bit dir liéu va 128 bit khéa). Thudt toan Square duge phat trién tir thudt toan Shark
(Shark 13 thudt todn mat ma khéi, lam viéc véi 64 bit dit 1igu va 128 bit khoa. Cau tric cia nd

gdm 6 vong SPN).
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Chuong 4: Mot s6 thuat todn mat ma

Khoéng gidng nhu DES, thudt toan AES c6 cau tric SPN (khong phai la mang Feistel). AES
hoat dong rat nhanh trén ca phan cting va mém, né rét da rang thuc hién, va yéu cau it bd nho.
2.2. M6 ta so' by ciia thuit toan
Mo ta chung:

- Nha thiét ké: Vincent Rijmen va Joan Daemen.

- Nam cong b dau tién: 1988.

- Kich thuéce khéi dir lidu: 128 bit.

- Kich thudc khéa: 128, 192, hoidc 256 bit.

- Cau tric thiét ké: mang hoan vj - thay thé (SPN — Substitution-Permutation Network).
- S6vong: 10, 12, hoic 14 (twong (g véi céc kich thude cua khéa).

No6i mt céch chinh xac AES khéng hoan toan la Rijndael nguyén ban (du ring trong thyc té
ching dugc sir dung nhu nhau), bgi vi Rijndael ¢6 thé thye hién trén cac khdi dit liéu va khoa co
kich thudce khac nhau (1a boi sé cua 32 bit, nho nhat 1a 128 bit va I6n nhét la 256 bit), con AES
chi lam vigc trén khéi dir liéu kich thudc 128 bit va cac khoa 128, 192 hodc 256 bit. Khéi dir
li¢u 128 bit dugc phén thanh 16 mang, mdi mang la 1byte (128 = 16x8)

Hau hét céc tinh toén cia AES dugc thyc hién trén trudng hiru han. AES hoat dong trén cac
mang cua byte kich thudc 4x4, dugce goi 1a state (trang thai).

D6 v6i qua trink ma héa, mdi vong cua thuat toén (ngoai trir vong cudi ciing) bao gdm 4 giai
doan - stage (hodc budc).
2.2a). AddRoundKey — mdi byte cua state duoc két hop voi khéa vong, mdi khéa vong dugc
sinh ra tir khda bi mdt, khi sir dung thoi gian biéu cua khoa (key schedule), mdi khoa vong ¢6

cung kich thudc voi state.

0] 301 ] 20| B0 Boo| bo. | bo.|b,,| Hinh. 4.3a). Trong bwéc AddRoundKey,

aela lagla,, Pio| BilBiaIbisl mdi byte ciia state dwoc két hop twong img

:"" :2 i < :” zz - §~ v6i1 byte ciia khéa vong bing sir dung todn
X ] e

:‘:: :j: :.:: ::j Vong cudi cling, thay thé buéc Mixcolumns

kao| Ko k.. For bfmg mét gia tri AddRoundKey riéng biét.

Ko | Ky, gt | 2.2b). SubstituteBytes — budc thay thé c6 tinh

phi tuyén, theo d6 mdi byte dugc thay thé bai mot byte c6 gia tri khac theo bang tim kiém
(lookup table) — goi la hop S. Nhu vy, mdi byte trong bang dugc thay thé boi mét byte (phan tir
8bit) cua hop S (S-box). Hop S dugc sinh ra tir ham nguoe (inverse function) trén GF(2%) dé c6

dugec tinh chét phi tuyén cao nhét. D& ngin ngira cudc tin cong dura trén céc tinh chat dai sé don
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gian, hop S dugc thiét ké 1a su bién ddi cua ham ngugc nhd mdt ma tran dugc chon vaéi céc

hang 1a doc 13p tuyén tinh. Hop S ciing duoc thiét ké dé bao dam tinh xo tron tdt nhat.

Hinh 4.3b): Trong bwéc SubstituteBytes,
aDO aﬁi aﬁi a03 bDD bﬂl bl)? bﬂ.’l = A
it bt il 1L 71 | moi byte trong state dwge thay thé béi mot
%) 311851215 > b,s|Du11021Bus| pyte (phin tir 8bit) ciia hop S déng vai trd Ia
b,,| D bang tim kiém.
bS.ﬂ

s

2.2¢). ShiftRows — budc chuyén dich, theo d6 mdi hang cua state dugc dich vong mét sd bude
nao d6. Pdi voi AES hang dau tién khong thay di. Cac byte ciia hang thir 2 duge dich vong di
Ibyte vé bén trai. Tugng tu, cac byte ciia hang thir 3 va 4 duge dich vong di 2 va 3 byte tuong
g vé phia trai. Bing cach nay mdi cét cia state ra ctia ShiftRows 1a sy két hop lai clia cac byte

tir mdi cot cua state vao.

i Hinh.4.3c): Trong bwéc ShiftRows, cac byte
change aﬂ.@ al}.l aD.I aﬂ.} aﬂﬁ aﬁ,: ao;z aﬂ,z Ba o . " A
trong moi hang cua state dugc dich vong ve
et | 8| 32 &y > 31182183l 30| Dhia tréi. S8 lrgng cdc bude djch vong 1
2| Bl fha | 8ol By 32| @3 %0/ 1| Kkhac nhau & mdi hang.
o
sttt 3 30| 83| &z 533 B3] 850f 34| 3y,
i el

2.2d). MixColumns — hoat dong trén cac cdt cua state, thuc hién mét bién dbi tuyén tinh. Trong
budc ndy 4 byte ciia mdi cot cua state dugc t hop sir dung mot bién ddi tuyén tinh nguoc.
Trong ham MixColumns mdi byte cta 16i vao sé& anh hudng 1én tat ca 4 byte ¢ 16i ra. Clng voi
ShiftRows, MixColumns s& tao ra tinh khuéch tén (diffusion) ciia ma. Mdi cot dugce xir ly nhu
mdt da thire trén GF(2%) va dugc nhan véi mét da thire ¢b dinh c(x) = ‘03°x’ +°01° x* + 0I’x +
‘02’ theo modul (x* + 1).

[+ ]
I

Hinh 4.3d): Trong MixColumns, mdi ¢t ciia state

|mxtdumnﬂ

o
i
=g
=3

dwgc nhin véi mdt da thic ¢6 dinh c(x) theo

mod(x* + 1).

Ot
~
o

],
bd
r—%

o

=
=

Ham Mixcolums(state) dugc thuc hién trén mdi cot

\

ctia ma tran state. Nhu vay, ddi v&i 4 cot ciia ma tran

®c(x)

state, ham Mixcolums(stare) dugc thyc hién 4 1an.
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Chuong 4: Mét 56 thuat todn mat ma

Xem xét viée thuc hién ham Mixcolums(state) trén | ¢Gt cia ma tran. Két qua cia phép bién

ddi cling sinh ra ¢4t ciia ma tran twong rng.

aD
s . al
Vi vécto (xét trudmg hop chung, khdng can danh s6 cita cot):
2
aJ
Cot ny ¢4 thé dugce bidu dién theo da thirc bac 3 nhur sau:
al(x) = ax’ + azx2 +ax+a 4.1}

Nhan thdy réng, bai vi #¢ 56 cia a(x) — 1 cac byte, ngha 12 cac phén tir cia truomg GF(2),
ham a(x) 1a da thic trén trudng GF(2%) (nhung khéng phai 13 phén tr coa tredmg AES).

Ba thirc a(x) dwgce rat gon, nho viéc nhan da thire nay vai | da thire ¢d dinh bdc 3 - ¢o(x) (tinh
theo mod (x* + 1)):

e(x). a(x) mod (x* + 1) - (4.2)
O diy e(x) = ¢’ + ox* + cwx+ep= 03 +00°x% +01°x + ‘02,

Chiy r:?mg, cac phép toan trong (4.2) khéng 1a cac phép toan trong truong AES (bdi vi cac da
thirc a(x) va c(x) khéng thude trwomg AES). Ngoai ra, da thirc x* + 1 13 da thae khéng t5i gian
trén truomg GF(2) (x* + 1 = (x + 1)*). Nguyén nhan duy nhét dé (4.2) cin phai dugc thue hién
theo mod ciia da thirc bac 4 14 két qua ciia né cin phai Ia da thirc bic 3.

Trong trudong GF(2) thyc hién phuong trinh sau: x(mod x* + 1) = x'™d*

Trong (4.2), cdc h§ s6 cha x' (i=0,1, 2, 3) Ia tdng cia cac tich ¢ja; Vi céc chi sb twong img,
thoa man diéu kién j + k = i (mod 4), & day /, k=0 ,1, 2, 3. Vi du hé sb cua x* trong (4.2) c6
dang nhu sau:

C2y + c1ay T Cottr + €.

Céc phép nhan va cong déu duoc tinh trong trung GF(2%). Khi dé (4.2) ¢6 thé thyc hién ddy

di nhy sau:
by o € ¢, ¢ \fa, 02 03 01 0l1Ya,
b, € € €3 ¢fla | 101 02 03 01]aq,
byl je2 e ¢ e fla,| |01 01 02 03]a,
by) \e; ¢, ¢ cyjla;) \03 01 01 02 a,

(4.3)

Chi y ring da thitc c(x) la da thirc nguyén t twong hé véi x* + 1 trén truimg GF(2). Trong
treomg GF(2) tdn tai nghich dio c(x)"(mod x* + 1). Néi mét cach khdc, ma trin va bién déi (4.3)
14 thuin nghich.
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2.2¢). Hip S trong AES
Bang tim kiém dé thay thé (ciing goi 12 hdp S) c6 tinh dao ngugce (invertible) va duoc xay
dung dua trén 2 bién ddi sau:
- Thire hién pheép bién dbi nguge trong trudng GF(28), véi ‘00" duge anh xa 1én chinh ban
thin nd.
- Thuc hién bién dbi affine (trén GF(2)), drrgc md ta nhu sau:
y=Ax'+6, (4.4
0’ day x (véi gi tri [xo, X1, X2, X3, X4, X5, X6, X7] - 12 vEC t0 dao cuax) e GF(2%). Véi cac byte
x bit ky khac khong, ching s& dugc thay thé voi bién d6i (4.4). Con khi x 1a byte 0 thi két qua
ctia phép bién déi dugc y = 5. (b co gia trj *63)

1 00011 1 1]/[x 1
11000 1 11| 1
111000 1 1{]|n 0
1111000 1||x 0
11111000||z| "0
0111110 0]lx 1
001 1111 0| 1
0001111 1jlze] [0

Nhan thy ring phép bién ddi phi tuyén (4.4) dugc dim bao duy nhét bi phép dao phi tuyén
¥, Néu bién ddi (4.4) duoe thuc hién tryc tiép trén x, thi phuong trinh affine (4.4) s& tuyét ddi
tuyén tinh.

B&i vi ma trin A ¢6 kich thudc 8x8 14 thudn nghich. (Hon nira, cac hang trong A dugre chon
sao cho 14 déc iap tuyén tinh trong trudng GF(2%). Vi thé bién ddi (4.4) ciing c6 tinh thujn
nghich. Va SubBytes (state) ¢6 tinh thudn nghich.

Bang 4.1. Bing thay thé (h$p S) dwge trinh bay (trong dang hexa).

0 1 2 3 4 5 6 7 8 9 a b c¢c d e f
B e e e e B e e e bl Il et Rl il el
00 |63 7¢ 77 7b f2 6b 6f cb5 30 01 67 2Zb fe d7 ab 76
10 |ca 82 c9 7d fa 59 47 f0 ad d4 a2 af 9c a4 72 <O
20 |b7 fd 93 26 36 3f £f7 cc 34 ab e5 f1 71 d8 31 15
30 |04 c7 23 c3 18 96 05 %9a 07 12 80 e2 eb 27 b2 75
40 |09 83 2¢ la 1b 6e 5a a0 52 3b d6é b3 29 e3 2f 84
50 153 dl1 00 ed 20 fc bl 5b 6a cb be 39 4a 4c¢ 58 cf
60 |d0 ef aa fb 43 4d 33 85 45 f9 02 7f 50 3c 9f a8
70 151 a3 40 8f 92 9d 38 £f5 bc b6 da 21 10 ff £3 dz

' atTs]



Chuong 4: Mot s6 thuat todn mat ma

80 lcd Oc 13 ec 5f 97 44 17 c4 a7 7e 3d €64 5d 19 73

90 160 81 4f dc 22 2a 90 88 46 ee b8 14 de 5e¢ 0b db

a0 |e0 32 3a Ca 49 06 24 5¢ c2 d3 ac &2 91 95 e4 79

b0 le7 c8 37 6d 8d d5 4e a9 6c 56 f4 ea 65 7a ae 08

¢c0 |ba 78 25 2Z2e lc aé6 bé c6 e8 dd 74 1f 4b bd 8b 8a

d0 |70 3e b5 66 48 03 f6 Oe 61 35 57 b9 86 ¢l 1d %e

el Jel f8 98 11 69 d9 8e 94 Sb le 87 e9 ce 55 28 df

0 18c al 89 0d bf eé 42 68 41 99 2d 0f b0 54 bb 16
Trong bang, cac cgr duge xac dinh qua 4bit thude mea gig tri thdp, con cac hang duge xac
dinh theo 4bif thudc nira gid trj cao cla byte. Vi dy byte c6 gia tri ‘9a’ - hé 2 1a (0101_1001) sé
duge bién déi thanh byte c6 gid tri b8” — hé 2 14 (0001_1101) qua bang thay thé (hop S) cua
AES. Gia trj ngugce ciia ‘00 1a chinh no. (Trong (4.4) sau khi thyc hién phép nhin ma trén, két

qua s& duge XOR véi 99 (hé 10) holic ‘63" {(h¢ 16) 1a gid trj cia b: <63’ =71 100_0110” = 99).
Bang 4.2, Bang thay thé (hép S) dao.

I'0 1 2 3 4 5 6 7 8 9 & p c d e f

*"—l—-l-*l——l--1——I*—|——I-—I“l--l-—r—-l—*I-—I-—l—-l

00 |52 09 6a d5 30 36 a5 38 bf 40 a3 9e 81 f3 d7 fb

10 [7c e3 39 82 9b 2f ff 87 34 8e 43 44 c4 de €9 cb

20 154 7b 94 32 a6 c2 23 3d ee 4c 85 0b 42 fa c3 4e

30 108 2e al 66 28 d9 24 b2 76 5b a2 49 ed 8b d1 25

40 172 £8 f6 64 86 68 98 16 d4 ad Sc cc 54 65 b6 92

350 [6¢c 70 48+50 fd ed b9 da 5e 15 46 57 al 8d 94 84

60 190 d8 ab 00 8c bc d3 0a f7 e4 58 05 b8 b3 45 06

70 1d0 2¢c le 8f ca 3f Of 02 ¢l af bd 03 01 13 8a 6b

80 [3a 91 11 41 4f 67 dc ea 97 f2 cf ce f0 bd e6 73

90 196 ac 74 22 e7 ad 35 85 e2 f9 37 e8 lc 75 df 6e

ald [47 f1 la 71 1d 29 c5 89 6f b7 62 Qe aa 18 be 1b

b0 |fc 56 3e 4b c6 d2 79 20 9a db O fe 78 cd 5a f4

c0 {1f dd a8 33 88 07 ¢7 31 bl 12 10 59 27 80 ec 5f

d0 160 51 7f a9 19 b5 4a 0d 2d e5 7a 9f 93 c9 9¢ ef

€0 {a0 e0 3b 4d ae 2a f5 b0 c8 eb bb 3c 83 53 99 &1l

fO 117 2b 04 7e ba 77 d6 26 el 69 14 63 55 21 0c¢c 7d

Bang S dao (sir dung khi giai ma) dugc sinh ra tir bing S bing cich Idy nghich dao.Vi dy, tir
bang S dio, gia trj “db’ dugc dao thanh ‘9Of {(cét °b’, hang ‘d’).
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2.21). Danh muc khéa
Cée khoa vong duge dinh nghia tir khda mdt theo bang danh muc khoa. Bang nay bao gbm hai
phén: bing khéa mé réng va bang lya chon khda vong. Nguyen tic co ban phi hep theo:
¢ Toan bd sb bit ciia khda vong bing d dai cia khéi nhan véi s6 vong cong | (ching
han, khdi dai 128bit va cd 10 vong, thi sb bit cuia khoa vong 13; 128x(10+1) =1408);
o Khoa mat duge md rong thanh kkda mo rong;
e Khoa vong duge lay tir khoa mo rong nay theo cach sau: vong thir nhét bao gém Nb
tir ddu tién, vong thir hai 1a Nb tir tiép theo va ot thé.
&). Khéa mé réng
Khoa mo rong 13 mdt mang tuyén tinh ciia cic tir 4byte va duge dinh nghia bai WINb*(Nr +
DJ Nkt ddu tién bao gém chi cac bit ctia khoa mat. Toan bd tir con lai duge dinh nghia theo
thuat ngif tir v&i chi s6 nho. Ham khoa mo rong phu thuge vao s6 Nk (kich thudc khdi khéa -
Nk = 4).
V&i Nk <6, chung ta co:

KeyExpansion (byte Key{4*Nk] word W[Nb* (Nr+1)]}

for{i = 0; 1 < Nk; i++)
WIi] = (kev[4*i], key[4*i+1] keyl4*i+2] key[4*1+3]};

for{i = Nk; 1 « Nb * (Nr + 1); 1++]

{
temp = W{i - 1];
if (i % Nk == 0}
temp = SubByte {RotByte(temp)) " Reon{i / NkJ;
else if (1 % Nk == 4]
temp = SubByte (temp);
Wii] = W[i - Nk] * temp;

}

#). Lira chon khéa vong
Khéa vong thir i duge cho béi cac tir dém khoa vong W[Nb*i] dén WINb*(i+1)], (Nb - kich
thude khéi dit liéu Nb = 4), duge bidu dién trén hinh 4.4, M&i tir dém khda vong c6 Kich thire 4

byte.
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e

Wo | Wy (W, [wy | w, | w, W | Wy | Wy |W oW, W, W, W,

Khéa vong 0 Khéa vong 1 -

Hinh 4.4. M6 rgng khéa va lwra chon khéa vong déi véi Nb = 4 va Nk = 4.
2.3. So' @6 khdi AES

Qua trinh ma hoéa (ciing nhur gidi ma), gdm 10 vong (xem hinh 4.5.).

Mdi vong ma hoa gdm 4 phép bién ddi: Subbytes — ShiftRows — MixColumns —»
AddRoundkey. Riéng & vong 10 khong c6 phép MixColumns. O° dau vao ma héa (cling nhu
gidi ma) dugc bit diu bing phép AddRoundkey.

Céc toan tir gidi ma la céc phép bién di ngugc (Inverse) cua céc todn tir ma héa.

2.4. Co s toan hoc trong AES

Nhiéu phép todn trong AES duroc dinh nghia & mizc byte, véi cac byte dugc biéu dién qua cac
phan tir trong trudng hitu han GF(2*). Mét sé phép toan khac dugc dinh nghia bing thuat ngir
cua fir ma 4 byte.
a).Truong GF(2*)

Céc phan tir trong trudng hitu han c6 thé biéu dién trong nhiéu dang khac nhau. Déi véi bt ky
mot luy thira nguyén té nao day la truong hiru han don, tir d6 toan bd cac biéu dién trong GF(2%)
1a cling cdu truc.

Mot byte b bao gdbm céac bit b, bg bs by b; by by by duge dinh nghia nhu mét da thirc voi cac hé
s6 trong {0, 1}:

br X + 06 X+ D X+ by X + by X + by 3% + by X + by
Vi du byte véi gia trj trong hé 16 (hexadecimal) la *57° (hé 2 12 0101011 1- viét theo trinh tur

giam dan) tuong img véi da thirc:

XL+ + P+ x+1
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Plaintext

| Addround key —

Key Plaintext

— 1
— w[0, 3] ———# Add round key |
*

I Substitute b_\rtesJ

Expand key | | Tnverse sub bytes |

—

v

g | Mix columns I

| Add l‘ﬁfm] key  ja—

L
-
.

%

Substitute bytes |
v
|

Shift rows
]

v
¥
Add round key Iq——-

Mix columns

Substitute bytes |

.

Round 10

| Inverse shift rmss_'

l Inverse mix cols |

— wi4, 7]——y|_,uld round key |

l Inverse sub bytes I

1

I Inverse shift rows J

j

Round 9

- * &

1

—1 | Inverse mix cols_'

W36, 39] ————p{ Add round key |

| Inverse sub bytes I -
k-

% |  Shiftrows | ——l | Inverse il.lm rows | 5
5 | Add mtnd ke,»_l..—- W[40, 43] =  Add round key |
(.‘iplirlexl Ciphertext
(a) Encryption (b} Decryption
Hinh 4.5. So @4 khdi AES (bén trii — ma héa, bén phai — gidi ma).
b). Phép cng

Trong biéu dién da thic, tong cia h

ai phn tir 1a mdt da thirc véi céc hé sé dugce cho bai tong

theo mod2 ciia céc hé sé cuia hai thanh phan.

Vidy: ‘57" + 83’

(E+ X+ X+ x+1

‘D4’, hodc vai biéu dién da thirc:

y+ (X +x+1)=X + 8+ X+ X

Trong dang nhj phan ching ta c6: “010101111” + “10000011” = “11010100”. RS rang phép
cong phit hgp vi phép XOR & mirc byte. Phép cong la dong, giao hoén va két hop.
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¢). Phép nhin

Trong biéu dién da thie, phép nhén trong GF(2%) thuc hién theo modulo véi mét da thire nhi
phan i gian bac 8 (da thic i gian ia da thire khéng cé uée s6 ngoai | va chinh ban than nd).
Trong AES da thire d6 dirge goi 14 myx) va ¢ dang:

m(x)::xa+x4+x3+x+1
hodc *11B” trong hé 16, con trong hé 2 12 100011011
Vidu:
57 83 ='C1",

Xm"‘Xﬁ*‘Xg"‘Xa*'X?“'
X+X+x 4%+ x+

e+ R+ x4+
= D R R R I

(x6+x“+x2+x+1}(,€+x+1}

SR SR R SRR Y SR modulo X + x* + x* + x+ 1
= X+ X8+

RS rang, két qua I3 da thirc nhi phin ¢6.bdc nho hon 8. Khéng gibng véi phép cdng, diy la
phép todn khéng don gidn & mirc byte.

Phép nhin duoc dinh nghia & trén c6 tinh két hop va d6 14 phin tr trung hoa (‘01°). Pi voi da
thirc nhi phan bét ky b(x) c6 bac nho hon 8, thuit toan Euclid md rong cé thé duge sir dyung dé
tinh da thire a(x), ¢(x) nhur sau:

b(x)a(x} + m(x)c(x) = 1

Tir ddy a(x)eb(x} mod m(x) = 1, hodc

b7 (x) = a(x)mod m(x)

Hon nifa, dan dén a(x)e(b(x) + c(x)) = a(x)eb(x) + a(x)ec(x)

Phii hgp theo didu do, tap hop cdc gid tri c6 thé gdm 256 byte, véi phép cfng la toan tir XOR,
¢on vai phép nhén duge dinh nghia & trén ¢6 ciu tric clia trudmg hivu han GF(2%),

d). Phép nhin véi x
Néu nhan b(x) véi da thire x, ching ta ¢6:

8 7 6 5 4 3 2
byx” +bex" +bex® +b,x° +bx* +b,x +bx* +b,x

xeb(x) thu dugc & trén cin phai rit gon theo mod m(x). Néu b, = 0 thi két qua dugce giir
nguyén. Néu by = 1, can riit gon theo mod m(x). Pha hgp theo két qua & trén, phép nhan vadi x
(h¢ 16 13 °02°=(10) hé 2) cin phai thyc hi¢n & mirc byte nhw phép dich vong trai va sau d6 XOR
voi ‘1B’. Toan tir ndy dugc dinh nghia bai b = xtime(a). Phép nhan vai lily thira bic cao cua x,
c6 thé thyc hién béng lp lai todn tir xtime(a) s lan phi hep.
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Chéng han: ‘57'*13* =*FE’, co thé thuc hién nhu sau:

‘67 02 = xtime (57) = AE
'C7 e'04 = xtime (AE) =47
‘57 ¢'08 =xtime(47) = 8BE
‘57 ¢'10'= xtime(8E) =07

‘57 ¢'13 ='C7 e (01 0210 )= ‘57 @ AE & '07 = 'FE’
¢). Da thire véi cac hé s0 trong GF(2%)

Céc da thire c6 thé duoc xac dinh vdi cac hé sd trong GF(2°%). Bing cach nay véc to dbyte ¢6
thé biéu dién bing da thirc véi bic nho ham 4. Pa thire ¢6 thé duge xae dinh béng cich bd sung
thém vao cdc hé sé phir hop nhir 1a phép XOR cua 2 véc to.

Gia thir ching ta 6 2 da thic khong thuge GF(2%):

a(x) = ax’ +a, 5% +ax+a, va b(x)=b,x> +b,x’ +bx +b,

Tich e(x) = a(x).b{x) dugc cho boi:

3 2 -
e(x) = x° +ogx’ +ext Fox’ +e,x0 +ox e voir

Co = aoeho €1 = arhy @ ayebo & a1eb3
C1 = arobo D agebr Cs = azeby D Ay
C; = @yeby & Gyeby D ageb, Cs = 8obs

Cy = @39bo D 329Dy & arehy & apebhn
R4 rang c(x) can phai khéng dai hon véc to dbyte, vi vy tich c(x) can phai mod vdi da thirc
bac 4 nao d6. Trong RijnDae! d6 1a da thioc M(x) = x' + 1. Tich ¢(x) = a(x).b(x) mod(x’ + 1),
duge ky higu 13 d(x) = a(x)®b(x) va xac dinh nhu sau:
d(x) = d,x* +dyx* +d,x +d, véi cic hé sb:
do = Qpeby ® azeby @ ey D aeb;
di = arebp @ ageby B ameby @ azebs
dy = ayeby & aiehy D apeby B aze03
(3 = g10bg & Qyeby D aieby © apeb;

Toan tir ndy duge xac dinh nhu phép nhan b(x) voi da thire a(x) cb dinh, c6 thé bidu dién nhu

phép nhin ma trin dang vong cac hé 50 cua a(x). Chiing ta c6:
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— - — - —

dy do Wy Wy o Ay
o, (y dg dy o dy || N
o - (y dyody o dy [y
L“{:._ y ty (.‘0#_/?3

Béi vi da thitc x" + 1 khéng phai 12 da thirc téi gian, cho nén phép nhan bdi da thirc cé dinh
khong cho gié trj dao duy nhét. Trong RijnDael chon da thirc ¢é dinh thich hop dé c6 gid trj ddo
duy nhét.
el). Phép nhin véi x

Néu dem nhan b(x) vé&i x, chiing ta co:

byx* +b,x" +b,x” +byx
[x ® b(x)] thu dugce bing cach ldy mod(x* + 1) va duoc:
b,x> + bx* +byx +b,

Tir ddy thdy ring phép nhén b(x) véi x twong drong v4i phép nhian ma tran & trén, voi moi
phan tir a; = “00”, ngoai trir a, = ‘01”. Chiing ta c6:

G} [00 00 w0 otk
¢ 01 00 00 o0 A
¢ 00 01 00 00| h,
¢y {00 00 01 00 h,

Nhu vy, phép nhén vdi x, hodic x bic cao hon, tuong duong véi phép dich vong véc to b(x).
3. THUAT TOAN RSA

Diffie v Hellman la nhiing ngudi ddu tién x4y dung nguyén 1i mat ma khod céng khai vao
nam 1976. Tuy nhién, trudc d6 vao nhimg nam 1960 nhimg tdc giz & NSA (National Security
Agency - ¢o quan an ninh quéc gia) di xay dyng ¥ twdng vé xu th€ clia mat ma véi khod cong
khai. Vao ndm 1977, Ron Rivest, Adi Shamir va Len Adleman lam viéc & MIT da xay dimg
thuat todn mét ma v6i khoa cong khai. Cong trinh niy dugc cong b6 vao nam 1978 va nhanh
chong duge 1ing dung rong rat.

So d6 RSA 1a so dé mat mé khdi, trong d6 ci van ban 15 va vin ban mi 1a cdc s6 nguyén trong
dai tir 0 dén n-1 doi v6i mot gid tri n nao d6. Trong muc nay, trude hét ching ta thao lusn dién
giai thudt todn RSA, sau d6 s€ trinh bay cdc tinh todn va vin dé thim ma doi véi RSA.

3.1. Miéu ta thuat toan,

So d6 duge thuc hién béi Ron Rivest, Adi Shamir va Len Adleman dua trén cdc biéu thitc s6

mil. Van ban rd dugc ma hod boi cde khei, mbt kh6i bao gbm cée gid tri nhi phan, nhd hon mét
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gia tri n di cho nao dé. Diéu d6 c6 nghia ring 4o dai khéi cin phai nhé hon hodc bang log,(n).
Trong thuc tién do dai khéi chon biing 2* bit, § day 2¥ < n < 2*"' . Mi hod v§i khéi van ban 16 M
vA gidi ma v&i khéi van ban ma C, ¢é thé trinh bay dudi dang céng thife:

C = M’ medn,

M = C’ modn = (M%) modn = M** modn,

Ca ngudi g, 14n ngudi nhan déu phai biét gid tri n. Ngudi giri biét gié tri cha e, con chi ¢é
ngudi nhan biét gid tri chia d. Nhu vay, so d6 nay 1a thuat todn mat md vdi khod cong khai: KU
= {e, n } va khod rieng KR = {d, n}. D€ thuat todn nity c6 thé sir dung nhur 1a mat mi véi khod
cong khai cin phai thuc hién cdc doi hoi sau:

1. Cin phai t6n tai cac gid tri: e, d va n dé M*? = M modn, d6i véi taitca M < n
2. Cdn phai tuong ddi dé tinh todn M*, C* d6i v6i tat ca cdc gid tri M < n.
3. Cén phai trén thuc t€ khong c6 kha nang x4c dinh d khi biét e va n.

Trude hét ching ta hay chi ¥ dé€n yéu cdu thit nhét, cic yéu cdu khic xem xét sau. Cén tim
mot quan hé duéi dang: M*Y = M modn

Tir dinh i Euler, ta biét v6i hai s06 nguyén t0 p va g va hai s6 nguyénm, n véin = pxq va 0 <
m < n, vatich ciia hai s& nguyén k duge thire hién theo quan hé sau:

mk¢(n}+l k=1 )g-1 1

=m =m modn ,

0 day, ¢(n) 12 ham Euler, gid tri cha ¢(n) = (p-1)x(g-1) 1a s6 nguyén duong, nho hon n vi cé
quan he nguyeén t6 tuong hd v6i n. Nhar vay, ddi héi quan hé nhan duge véi didu kien:

ed =k d(n) +1.

Diéu nay tvong duong véi quan hé sau:

ed = 1 mod¢(n),
d = e ' modd(n).

C6 nghia 12 e va d 12 hai s§ ¢6 quan h¢ nghich ddo theo modul ¢(n). Khi chi ¢ 15 cdc qui tic
$6 hoc trong 16p s6 du, diéu dé ¢ nghia rang chi khi d (va tiép tuc ca e) 12 nguyén t6 tuong hd
véi ¢(n). Vi€t mot cach twong duong c6 quan hé ged(d, §(n)) = 1 (gcd = great common divisor -
udc s6 chung 16n nhat). Hai s6 ¢6 ged =1, duge goi 1a hai s6 nguyén t6 tuong hd (nguyén t6
ciing nhau),

Bay gits chiing ta c6 thé 16m tit toan bo so d6 RSA. Cic thanh phén cla so d6 la:

p va q la hai s6 nguyén & ( duge chon bi mat )

n=pxq ( n duge céng bd cong khai )

$(n) = (p-1)(g-1) (duge giir bi mat )

chone dé ged (e, d(n)) =1, 1 <e <d(n) (duge cong bd cong khai)
d =e " modd(n), ( phai giit bi mat )
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Khod ri¢ng bao gém KR = {d, n }, con kho4 cong khai bao gébm KU = {e, n }. Gia thiét ring
ngudi sit dung A cong b6 khod cong khai cia minh, con ngudt sir dung B c6 thé sit dung khod
cong khai ciia A d€ gif tin titc M clia minh cho A. Khi ngudi s dung B tinh todn C = M* modn
va glri C. Khi nhan dugc van ban ma nay, ngudi st dung A gidi ma né va tinh M = C' modn.

Ching ta dén ra co s& clia thuat todn nay. Chiing ta chon e va d sao cho:

d = e ' mod ¢(n),

Nhur vay,

e d =1 mod ¢(n).
C6 nghia ring ed ¢6 dang k ¢(n) +1. Nhing theo dinh 1i Euler, thi d6i véi hai s6 nguyén & bat
Kipvaqvasdnguyén n=pxgvaMvdi0<M<n, dugc tinh theo quan hé:
MKS@ T = MDD = M modn,
Bai vi M*¢ = M modn, cho nén chiing ta ¢é:
C = M’ modn
M = C* modn = (M)’ modn = M** mod n = M modn,
Trén hinh 4.6. trinh bay (6m t4t thuat tosn RSA, con trén hinh 4.7. trinh bay mot thi du tmg
dung cta chiing.
Thi dy I trong thi dy ndy, cdc khod dugc tinh nhi sau:
1. Chon hai s6 nguyeén t6, ching han p = 11vaq = 17,
2. Tinhtichchaching: n=pxq=11ix 17 = 187;
3. Tinh ¢(n) = (p-1)(g-1) = 10x16 = 160;
4. Chon e 12 s6 nguyén 16 twong hé v6i ¢(n) = 160 va phai nhd hon $(n). Trong
trudimg hop nay chon e =7. [¢(n) = 160 = 2°x 5; chon e sao cho khong 1a boi s6
cia2 va 5. Coénhidu gidrie =3, 7,9, 11,13, 17,19...);
5. Xac dinh d dé de = Imod160 va d < 160. Gid trj phithop dé chon la d = 23.

Boi vi23x 7=161 =1x 160 + 1. [d = ((k¢(n)+1)/e} = s6 nguyén. Khi di chon e, thi d 1a duy
nhét]. (Néuchon e = 11, thi tinh duge d = 131).

Két qua cha tinh todn nhan dugc khod cong khai KU = {7, 187}, con khod rieng KR = {23,
187}, Trong thi du nay da sir dung hai Khod trén voi van ban 16 M = 88. Khi ma ho4 88, & duge
C=88'mod187 = 11. B&i vy, van ban mi s& I3 11. Khi gia m tinh M = 11 2 mod 187, 1o rang
117 = 88 mod187.
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Tinh toan cac khoa
Chon s6 p.q vdi p, q phéi 12 s6 nguyén 1§,

Tinhn=pxg

Tinh ¢(n) = (p - 1)}(q - 1)

Chon s6 nguvén e: ged( ¢(n),e ) =1, 1 < e < ¢(n)

Tinh s nguyén d:  d = ¢ modd(n), (hodc ed modd(n) =1}
Khod cong khai: KU = {e, n}

Khod riéng - KR ={d, n}
Ma hod

Van ban 15 : M, <n

vVinbinmi: C =M(modn)
Giai ma

Vin ban ma : C

Vin ban 1d : M, = C (mod n)

Hinh 4.6. Thuit toan RSA,

Chi ¥ Vin ban 16 M, trude khi ma hod, dugce phan chia thanh cdc khéi M, M,,.. M. Méi
khdi gdm mot s6 cdc ky ty. Ching han hai ky tu. M&i k¥ tu duge gdn mot con 56 he 10, bt diu
tir chit cdi ddu tién. Ching han, a= 01, b = 02...., z = 26, ky ty réng dugc gén 00. Cac khéi M;
phai ¢6 gid tri (h¢ 10) nhd honn

M3 héa Vin ban Giai ma Vin ban
7 P | 1Bmod187=88 i
— = > =88 -
38 88 0d1§7 11 11 ,{110 ! 7
| _l
KU=7, 187 KR =23, 187

Hinh 4.7. Thi du sit dung thuit toan RSA.

Thi dy 2: chon p = 47, q = 59. Tinh n = pxq = 47x59 = 2773 va ¢(n) = (p-1)x(q-1) = 2668. Chon e
dé ged(d(n), €) = 1. Chiing ta phan tich ¢(n) = 2*.667 = ?. Cac phuong 4n chons6e=3,5,7.9, 11,
13, 15, 17...., 2667. Chiing ta chon, ching han, € = 17. Khi d6 s6 d duge tinh d = (k. ¢(n)}+1)/e =
s¢ nguyén. Tir day, ching ta tinh duge d = 157. Khi d6 KR = {157, 2773}, con KU = {17,2773}.
3.2. Xem xét Khia canh tinh todn

Bay gi& ching ta xem xét vin dé phic tap tinh todn, dugc sir dung trong thudt todn RSA.
Chiing ta xem xét hai vin dé: tinh todn kho4 va tinh todn trong ma hod/giai ma. Trudc hét ching
ta khao sdt vin dé cdc tinh todn trong mi hod va giai ma. Sau d6 chiing ta quay trd lai vén dé
tinh toan khod.
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a) Ma hoa va giai ma -

Trong thuar todn RSA cd ma hod va gii ma déu sir dung phép tinh nang lén luy thira clia mot
s6 nguyén theo s¢ mii nguyén, réi so sanh theo mod n. Né&u sir dung phép tinh truc ti€p nang lén
luy thira nguyén r6i so sinh theo mod n, thi cdc gi4 tri trung gian s& rat céng kénh. Trong trudng
hop rieng c6 thé sir dung c4c dac tinh ciia s6 hoc trong I6p s6 du:

[(amodn) = (bmodn) ] modn=(axb)modn.

Déng thdi, chiing ta ¢6 thé tinh todn két qua trung gian theo mod n. Diéu nay tao ra cdc kha
nang thyc tién tinh toan.

Mot vén d€ khdc 12 higu qua cha viéc thye hién cdc phép tinh nang lén luy thira nguyeén theo s6
mii nguyén, 1a boi vi khi sir dyng thudt todn RSA, ching ta cén phéi thyc hién véi cdc s6 mit
16n. Ching han cdn tinh x'%. Ta ¢ thé tinh truc ti€p bing cdch nhan x véi 16 1in nhu sau:

X'® = XX XX XX XX XX XX XX XX XX XX XX XX XX XX XX X.

Tuy nhién, ta c6 thé thyc hién bing phép tinh binh phuong bon ldn cia s6: X%, x°, x*, dé
duoc x'¢,

Trong trudmg hop chung, ching ta cdn phai tinh 2™ v6i a, m 1a cdc 5§ nguyén duong. Néu trinh
bay m dudi dang s6 nhi phan b, b, ..., b, , thi ta cé:

m= Z 2
bizo

va bdi vay:

dn =q 1201 ZHG(Z)
bizl)
Dong that d€ tinh todn a" modn, ¢6 thé sir dung thuat todn duge chi ra trén hinh 4.8

a” = [H a(zi)] modn = H[a(z')mod n]

il hizl

c «0; de1:
for i <k downto 0

do ce2x¢
d«(dxd)modn
if b; =1
thenc«c+1
d « (dxa)modn

return d

Hinh 4.8: Thuit toan tinh a® modn.
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(Thudt todn nay cd ca mot chiéu dai lich sir, con trink bay cu thé & day trich tir sich cla tdc gia
T. Cormen}.

Trén hinh 4.9 cdc ban quan sdt thdy cdc gid tri lién tiép, nhan duge trong qua trinh tinh todn
cia thuat todn nay. Cén chi ¥ rang bién ¢ ndi chung 1a khong cén thiét, né chi tham gia vao

thuat todn dé bao dam tinh trye quan. Gi4 tri ¢ cu6i cling 13 gié tri clia s& mil cdn tinh to4n.

] < 8] 7 6 3 4 3 2 l 0
Al 0 0 0o 1 1 6 o0 0 0
& ] 2 4 & |7 33 70 140 280 560
of 7 44 157 320 160 241 298 166 67 1

Hinh 4.9: Két qua tinh todn ctia thuat toan dé tinh nhanh nang lén lug thira d6i véi
a” modn, khi a = 7, b = 560 = 1000110000, n = 561.

Phép tinh a" mod n chi€m rdt nhiéu thivi gian, vi vay mi hod RSA chay cham hon DES hang
1000 Ian. Thé ma ban thian DES ciing da rat cham réi.

b) Tinh toan khoa

Truée hét chiing ta nén nhé ring déi véi hé mat ma véi khod cong khai, mdi mot ngudi tham
gia ¢dn phdt sinh mot cdp khod. C6 nghia 1a phai thuc hién bai todn sau:

¢ Xac dinh hai s6 nguyén (6 p va q;
* Chon mdt trong hai s& hoac ¢ hoac d va tinh todn s8 con lai.

Truée hét, ching ta khao sdt thi tuc chon s& p va q. Biét rang gid w1 n = p x q 5& dugc cong
khai cho moi ngudi, d€ khong c6 kha ning tim ra duge s6 p va q nhd phuong 4n chon don gian,
thi cdc s6 nguyén p va q phii 1a cdc s6 nguyén t& ¢6 gid tri 1on. Déng théi cdc phuong phap tim
ra tp hop céc s& p va q ¢6 gid tri 16n phai cd tinh hiéu qua thue tién.

Ngay nay chua ¢4 phuong phdp hiéu qui dé tinh todn cdc s& nguyén 6 gid tri 1ém. Bai vay, dé
giai quyét van dé nay thudng din dén cdc meo rieng. Thong thudmg thi tue ndy lién quan dén
viec chon mot s6' I¢ ngdu nhién, c6 gid tri gén gia tri mong mudn va lam 18 né cé phai 1a s&
nguyén t§ hay khong? Néu chimg to ring d6 khong phai 14 s& nguyén 16, thi lai chon mot s& 1é
1i€p theo, mac ddu chua chic d6 s€ 1a s6 nguyén 8.

Dé kiém tra xem c6 phai 12 s6 nguyen t6 hay khéng, thi c6 rdt nhiéu cdc thir nghiém. Hiu hét
cdc thir nghiém nhu vay mang ddc trung xdc sudt. Didu d6 chimg 6 rang thit nghiém chi xdc
dinh s6 di chon 14 s6 nguyén t8 theo x4c sudt. Chiing ta khong xem xét su tin tudng hoan toan
rang céc thi tuc &y c6 gid tri xdc sudt gin t6i 1 hay khong. Dé€ 1am thi du trong chuong 7 [6] sé
miéu ta thuat toin Miller-Rabin, mot trong cic thuat todn hiéu qua nhaft wong cdc thuat todn

quen thudc, Trong thudt todn nay, ciing nhu trong phan 16n cc thuat toan Khéc, thi tuc ki€m tra
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sO n ¢6 phai 12 s6 nguyén t6 hay khong, c6 lien quan dén hang loat phép tinh, trong d6 c6 sir
dung n va chon ngiu nhién mot s6 nguyén a nao dé. Néu n khong qua duge cude thir nghiém, thi
n khong phai 1a s6 nguyeén 6. Néu n chju dimg duge mot cuge thir nghiém, thi n ¢6 thé 13 s6
nguyén to, ciing c6 thé khong 1a s6 nguyén 6. Néu n chiu dung duge lién tiép cdc cude thir
nghiém nhu vay, v6i viéc chon ngiu nhién céc gid trf a khdc nhau, thi v&i mifc tin tudng cao ring
n chinh 1a s6 nguyén to.

Nhu viy, thi tuc chon s6 nguyen 6 ¢6 thé dién ra nhu sau:

1. Chon mot s6 nguyén I€ n mot cdch ngau nhién (ching han sit dung sy phdt sinh céc s6 gia

ngiu nhién).
2. Chon mot s6 nguyén a < n theo mot cich ngéu nhién nao d6.
Thyc hi¢n thir nghiém xdc suét trén s6 nguyén 14, chdng han thir nhiem Miller-Rabin.
Néu n khong 'chiu dung dugc cdc cudce thir nghiém, thi loai bd 56 n nay va quay lai bude 1.

4. Neéu n chju dung duge hang loat cdc thir nghiém 13p lai, thi coi n xing ddng 1a s6 nguyén
t6. Néu chua tin tudng, thi quay lai buéc thit 2.

Thu tyc nay that 1 vat va. Tuy nhien, cling may la khong phdi thyce hién thudng xuyen, chi khi
cdn phai phét sinh cap khod mdéi (KU, KR).

Dong thoi ching ta ciing biét khd 15 vé nhing s6 6 bidu hi¢n chic 1a s6 nguyén t6. Mot tir
nhitng dinh If ciia Ii thuyét s6 duge bi€t dusi ten goi 1a dink Ii vé s6 nguyén (6, tin wong vimg
chac rang, s6 nguyén 5 gdn s6 N duoc phan b6 & Khoang giita clla s6 nguyén N va In(N). Nhu
vy, tir diéu ndy, ta thdy réng tit ca cdc s6 nguyen chin c6 thé bi gat bd duge ngay, trinh ty chan
thue cua s6 14n thir nghiém duge cho bai s6 In(N)/2. Chéng han, n&u cén tim s6 nguyén 16 trong
viing tri s6 khoang 2** thi dé fim dugc s6 nguyén 16 d6, doi hdi gn In(2?)/ 2 = 70 thir nhiém.

Sau kht xdc dinh duge céc s6 nguyen t6 p va q. qua trinh tinh todn khod xoay quanh vin dé
chon gid tri e va tinh gi4 uj d, hogc ngugc lai, chon gid tri d va tinh gi4 tri e. Trong truémg hop
thi nhat, ban ddu cén thiét chon gid tri e sao cho ged| ¢(n), e] = 1 va sau d6 tinh to4n gid trid =
¢ 'mod ¢(n). May man ¢6 mot thuat todn dé tinh dong thoi udc 56’ chung lén nhdt cla hai s6
nguyén va n€u udc s6 chung 16n nhat bang 1, thi viec xdc dinh nghich dao d6i véi mot tir cac s6
nguyén theo modul ctia 6 kia. D6 13 thuat todn mA sau nay duge goi bang tén chung Euclide.
Thit e c6 lien quan dén sy phdt sinh céc s& ngdu nhién va so sinh ching véi §(n), cho dén khi
n&o s& khong tim thay s6 nguyén 6 wong hé v6i ¢(n). Hien tai mot l4n nita, chiing ta c6 thé hoi
ring cdc 6 ngdu nhién nhiéu nhu thé nao dé din dén sé tim ra dugc s6 thich hop 1 s6 nguyén 6
twong hé v6i ¢(n)?. Dé dang c6 thé ching minh ring: x4c sust dé hai lin chon s6 nglu nhien thi
xdc suat d€ ching 12 nguyén t6 tong hd bang 0,6 - diéu d6 ¢6 nghia ring dé 1im mot gid tri
nguyen thich hgp cin dén t4t ca mot vai phép thit.
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3.3. P an toan cia thuat toan RSA

Cé6 ba kha nang din dén tham ma thuat todn RSA nhu sau:

e Phép chon don gian: Trong trudmg hop nay thuc hién kiém tra tat ca céc kha nang clia
khod riéng.

e Phép phan tich toan hoc: T6n tai mot vai xu thé ciia loai ndy, nhung tét ca chiing, theo
ban chit, déu twong duong vdi bai todn xéc..dinh thira s6 cia tich hai s6 nguyén t8.

e Phép phan tich thoi gian tiéu tén: Dya vao phép phan tich thoi gian cdn thiét thuc hién
thuét todn giai ma.

D& an toan chdng lai phép chon don gidn trong trudmg hop thuat todn RSA, cling nhu d6i véi
moi hé théng mat ma khdc, 1a sit dung khdng gian khod Ién. V&i quan diém nay s6 bit trong ¢ va
d cing 16n cang t6t. Tuy nhién, vi sy khd phitc tap khi phét sinh khod, cing nhu khi md hod/ giai
ma, thi kich thudc khod cang ldn dan dén he thong lam viéc cang cham.

Trong muc nay d6i véi thuat todn RSA, ching ta trinh bay téng quan ngin gon vé kha ning
thim md khi sir dung xu thé¢ phén tich thinh thira s6 v xu th€ dua wén su phan tich thoi gian
tiéu tén.

a) Véan dé phan giai ra thanh thira so:

C5 thé phan chia ra thanh ba xu the todn hoc khdc nhau trong thim ma thuat todn RSA:

¢ Phan gidi n ra thanh hai thira s& nguyén t6. Di€u d6 dén dén tinh dugc §(n) = (p-1) x (q-1)
va trén co s& d6 ¢6 thé xdc dinh duge d = e '( mod &(n));
e Xéc dinh tric tiép ¢(n), chit khong phéi ngay tir ddu xdc dinh p va q. Diéu d6 cling cho phép
xdc dinh d = ¢ '( mod ¢(n));
e  Xic dinh truc tiép d, chit khong phai ngay tir ddu xdc dinh ¢(n).

Trong phén 16n trudng hop thao ludn van dé thim ma ddi v6i thuat todn RSA, déu din dén vén
dé phan gidi mot s6 nguyén n ra thanh hai thira s6 nguyén t6. Bai todn xdc dinh ¢(n) theo n,
twong duong bai toan phan gidi s6 n thanh thira s6 nguyén 6. Ngay nay, ciing da ching 16 rang
thuat todn xdc dinh d khi biét e va n, n6 ciing doi hoi tiéu t6n thoi gian nhu bai todn phan giai n
thanh hai thira s& nguyén 6. Nhu vay, van dé thdi gian tiéu t6n cho giai bai todn phan tich n ra
thanh thita s6 nguyen t&, duge sit dyng lam chi tiéu dinh lugng dénh gid do an toan cha thuat
todn RSA.
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Bang 4.3: Sy tién bo trong viéc giai quyét van dé phan ghii ra cac thira so

S5 luong s6 he | Gén ding s6 | Thoi diém giai | 0 thofl gian Thuat todn
10 luong bit MIPS - nim sirdun
; . yéu céu 1ne
100 332 Théngl-1991 7 Sang bac hai
110 365 Thingl- 1992 75 Sang bac hai
120 398 Thang6- 1993 830 Sang bic hai
129 428 Thangl- 1994 5000 Sang bac hai
Sang trong trudmg

130 431 Thangl- 1996 500 s& dang chung

D61 véi sd n 16n, d€ phan tich thanh cdc thira s6 nguyén 16 16n 1a mot bai todn khé Khan, Dé
minh chiig cho diéu nay, chiing ta din ra mot thi du lich sir. Vao nam 1977 khi thuat todn RSA
mdi ra ddi, cdc doc gia cha t tap chi “Scientific American” da nhan duge mot van bin ma duge
trinh bay trong muc “trd choi todn hoc” cfta Martin Gardner. Ai gidi duoc vin ban ma d6 sé du-
oc nhan 100 d6la. Theo dinh gid, bai todn ndy khong c6 thé gidi sém hon 40? nam. Nhung vao
thing giéng nam 1994 mot nhém sir dung Internet da cling cong tic véi nhau dé giai bai tosn
nay trong vong tdm thing. Bai todn nay dd sir dung khoa cong khai dai 129 s6 trong h¢ 10 (do
dai cta n) va bing khodng 428 bit. Ciing gidng nhu mat ma DES, phong thi nhigm RSA d3 ciu
tric mat mé vdi do dai khod 1a: 100, 110, 120 va 16n hon. Cudi cding, d€ giai bai toin RSA-130,
trong d6 do dai khod bangl30 s6 trong hé 10. Két qui duge trinh bay trong bang 4.5. D6 phic
tap cua bai todn duge trinh bay trong don vi MIPS (million instruction per second) - nam, duge
hiéu 12 khat lugng cong viéc duge thic hién trong vong mét nam cia vi xit I cé thé thi hanh mot
triéu lénh trong vong mot gidy, twong duong voi thiec hién 3x 10" lénh. Nhu vay, mdy tinh xiy
dyng trén Pentium véi t4n s6 200 MHz ¢6 t6¢ do gin 50 MIPS.

Tir bang 4.3, chiing ta rit ra mot két luan quan trong 13: van dé la phuong phdp nao duoc sir
dyng. DA tir lau phwong phap duge sir dung dé phan tich thanh hai thira & nguyén t6 duoc goi 1
phuong phdp sang bdc hai. Dé thdm ma RSA-130 da sir dyng mot thuit todn méi, duge goi 1A
phuong phip sang trong trudng s6 dang chung; né cho phép riit ngdn khéi lugng tinh todn dé&n
10% so v6i khdi lugng tinh todn trude day, dé th4m ma RSA-129.
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Nguy co d6i véi khod ¢ do dai 16n ¢6 hai mat: lién tuc tang khdi lugng tinh todn ctia cic mdy
tinh hién dai va lién tuc phai hoin thién thuat todn phéan giai ra thira s nguyén t6. Nhu da thay,
khi tmg dung phuong phdp méi da rit ngén thdi gian phan gial xuéng dang ké. C6 thé chdy doi sy
hoan thién thuat todn sang trong trudng s6 dang chung, khong loai trir kha nang xudt hi¢n thuat
todn mdi, con hién dai hon. Ching han, ngay nay da xudt hién thudt todn sit dung phuong phap
sang trong trudng s& ciia dang dic biét, cho phép phan tich thanh thita s6 dang riéng, nhanh hon
ra1 nhiéu so v6i phuong phap sang lrong/trufmg s6 dang chung. Trén hinh 4.10 trinh bay két qua
so sdnh cla hai thuit todn ndy. V& logic ma noi, chiing ta ch& dgi mét két qua dan dén tang kha
nang vé t6e do thue hién phép phan tich ra thita 8, trong trudng hgp chung chi tiéu sé bang hoac
16n hon cdc chi tieu cGia phép sang dudi dang trudmg s6 dic biét. Boi vay, ddn dén mét diéu 1a
can phai rdt than trong trong viée chon do dai khod trong thuat todn RSA. Trong mét vién canh
khong xa kich thude khod s& duge Iya chon trong dai tir 1024 dén 2048 bit, hodc dai hon.

P6i vai vin dé chon do dai cha n, cdc nghién ctu da chi ra hang loat céc gidi han khdc. Pé
tranh khoi viec chon gid tri d6 dai n, trong dé c6 thé dan dén su phan tich thanh thira s6 véi cong
s(fc nho nhat, thi viéc chon p va q phai ¢6 nhimg han ché sau:

1. Gid tri p va q cdn phai khdc nhau theo do dai dén vai bac. Chéng han, ca p va q cin roi
vao khoang gid tri tir 10 dén 100"

2. Ca(p- 1), cling nhu (q - 1} cdn c6 dac tinh khi phan tich thanh thira sG, phai ¢6 dugc
thira s& nguyén to kdn;

3. ged(p -1, q- 1) can phai dat dugc cang nho cang t6t. Ngodi ra, nhu di chitng minh, néu e

<nvad< n''%, thid c6 thé xdc dinh duge dé dang.
b) Phan tich chi phi théi gian.

Néu mot ai d6 ddi hoi mét chimg minh khac réng d¢ an toan ciia mot thuat todn mat ma 12 mot
bai todn khong don gian, thi t6t nhat ching ta miéu td phuong phdp phan tich chi phi thoi gian.
Nhu di duoc xdc nhan bdi chuyén gia hiéu dinh v& mat ma Paul Kocher: d6i phuong c6 thé nhan
duge kha nang xdc dinh khod riéng nh& phan tich chi phi thisi gian cén thi€t cho mdy tinh dé giai
ma tin tdc. Phan tich chi phi thoi gian ¢6 thé sir dung khong chi trong truéng hgp RSA, ma con
d6i véi cdc hé mat ma véi khod cong khai Khdc. Cdc cudc tdn cong loai nay thé hién sy nguy
hiém theo hai nguyén nhan: ching ¢6 thé din ra xu huéng khong ch& dgi nhat, va dua ra tién

dodn ring thim mai chi cdn ¢4 van ban ma.
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Hinh 4.10. S6 nam MIPS c4n thiét dé phan tich thanh thira sé.

Phuong phdp phan tich chi phi thdi gian trong chimg myc nao ddy tuong tu nhir Xxu huéng bé
khod, dodn diing ra t6 hgp 6 khod clia két sat, s& ddi hoi bao nhiéu thai gian dé xoay van thiét b
khod tir s6 ndy dén s& kia. C6 thé dan gidi ban chét xu thé ndy qua thi du clia thut todn nang lén
luy thira trong s0 hoc cla Idp s6 du, duge trinh bay trén hinh 4.8, nhimg xu th€ nay co thé mé
phong déi v6i sir thure hién bat ki, ma khong cdn phéi gid thist su thyc hién cha thudt todn trong
thoi gian nhét dinh. Trong thuat (odn nang 1én liy thira duge thuc hién bit theo bit, v6i mot phép
nhan trong mdi phép lap va bd sung thém mot phép nhan duge thyc hién véi méi bit ¢é gid tri
béng 1.

Cing nhu nhan xét ciia Kocher trong cong trinh cia minh, v€ bén chét cta xu th€ nay duge
trinh bay trong thi du phit hop véi trudmg hep nang 1én liy thira. Chiing ta gia thiét ring hé mat
mi st dung ham nhén trong 1dp s6 du duge thuc hién rat nhanh hdu nhy trong tat ci cic truimg
hop, ngoai s& lugng khong I6n gid tri 1 clia chiing, khi ma phép nhan chiém thoi gian Ién ding
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ké. Sy phan tich dugc tién hanh bit theo bit duge bit ddu tir bit b, bén trii dau tién. Chiing ta
cling gia thi€t ring j bit d4u tién ciing da duge biét. (Dé nhan duge gid tri clia chi $6 mii cdn phai
bat ddu v6i j = 0 va lap lai thi tyc phan tich cho dén khi khong tré nén biét tat c& cdc bit ciia chi
s6). B¢ c6 dugce van ban ma, d6i phuong cé thé thyuc hién j vong lap for ddu tien. Trong bude
ti€p theo sy thuc hién todn tlr phu thuge vao gia tri bit chura biét clia chi s6 mii. Néu bit trong d6
bang 1, thi thyc hién phép todn d <« (d x a) mod n. D&i véi mot vai gid tri ctia a va d phép nhan
duge thic hién ddc bi¢t chdm va doi phuong nhén biét didu do. Bdi vay, néu thoi gian thuc hién
cia thudt todn giai ma Juén luon ting mot cdc ding ké khi phép lap cu thé nay duge thue hién
vdi gid tri bit bang 1, thi sy git cham bj phét hién vA ¢ thé chi ra sy kién bit bing 1 nay. Néu
trong sudt qué trinh quan sit ma thuat todn luon luon thyc hién nhanh thi cdc bit d6 can phai
bang 0.

Trong thuc tién sir thyc hién phép nang lén lu§ thira trong 1&p s6 du khong c6 biéu 16 mét cach
r3 rang sy phu thudc theo thoi gian, d€ thdi gian thyc hién mot vong lap ¢6 thé vuor thai gian
trung binh d¢ thuc hién toan bo thut toin. Nhung thyc tién ching té ring su phan tich dién bién
thdi thye hign phép todn nay la ¢6 ich. Nhimg thong tin cy thé hon vé chi dé nay doc gid c6 thé
tim trong sach ctia P.Kocher.,

Mic dis su phan tich chi phi thoi gian da thé hién nguy co nghiém trong, dé chéng lai n6 ¢6 mot
vai cdch don gidn, ching han nhu sau:

* Thuc hién toan tir nang lén lu§ thira véi thoi gian khong déi: thuc hién thay d8i thuat
todn sao cho tt ca cdc phép nang lén luy thira chiém ciing Khoang thoi gian nhu nhau, ké tir khi
bét ddu thue hién cho dén khi dat t6i két qui. Céch lam ndy don gidn, nhumg khi d6 sé 1am ting
thoi gian thuc hién thut todn néi chung.

¢ Céc gilr cham ngau nhién: ¢6 anh hudng nhd dén thai gian chung clia sy thue hién gy ra
bdi sy b6 sung trong thuat to4n nang Iu§ thira do cdc gitt chim ngdu nhién, din dén gidm nho téc
dung clia thim ma dya trén phan tich chi phi thii gian. Nhung déng thdi nhu nhan xét ca
Kocher, n€u sy phdng vé do bé sung céc giit cham ngéu nhién khong hoan hdo, thi d6i phuong
van con kha nang phan tich, ngay ca trong trudng hgp ¢6 anh hudng clia cic git cham ngiu
nhién nay.

¢ Che dau: Nhan van ban ma v6i mot s6 ngu nhién nhu 1a thyc hién nang lén luy thira. Diéu

nay khong cho phép d6i phuong bi€t cdc bit nhu th€ ndo cla van ban ma di duge gia cong bé
sung va dong thoi khong tao cho d6i phuong dan ra sy phan tich theo loat, day [ xu thé riéng
duoc thue hién dua trén sy phan tich chi phi thi gian.

Trong mot vai san phdm cha cong ty RSA Data security ¢6 trinh bay kha nang sir dung ham
che phii. Trong chiing todn tir M = C’ mod n véi khod riéng duoc thue hién nhur sau:

1. Phat sinh mét s6 ngdu nhién bi ma¢ r nam trong dai tir O dén n-1;
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2. Tinh C* =C" modn , & day e la mot gid tri ctia khéa cong khai;

3. Tinh M" = (C’)" mod n d6i véi viéc thye hien RSA thong thudng;

4. Tinh M = M’ . r "' modn, trong trudng hop nay r ' 13 nghich dao cia gia tri r theo modn.
C6 thé chimg minh réing két qua s& hoan toan pha hgp néu thay thé r™ = r modn.

RSA Data Security tin tudng ring khi sit dung ham che pho thi hiéu suat chung cta cong viéc
thdm md sé& ha thap xudng dugc theo tri s& tir 2 dén 10%.

4. MAT MA VOl VIEC SU DUNG CAC BUONG CONG ELLIPTIC

Rat nhiéu cdc san phdm va tiéu chudn, trong dé dé ma hod va chit ky s sit dung phuong phép
mat md v4i khod cong khai, duge xay dung dua trén thuat toin RSA. Nhur ching ta d thay s6 bit
khoa cdn thiét d€ sir dung thuat todn RSA an toan, trong nhimg nam tr& lai ddy ngay cang tang.
D6 1a nguyen nhan dan dén tang tai cho hé théng, gay khé khin cho viec sit dung thuat todn
RSA. Diéu nay lam phit sinh hang loat cdc van dé, dic biét ddi vdi cdc niit mang, dugc thiét lap
vGi mdy tinh dién tl, & day doi hodi an todn clia mot s§ 16n cac chuyén ti€p. Gén day xuat hien
mot xu hudng 6 thé canh tranh duoc véi thuat toan RSA, dé 1a mat méi dua trén cdc dudng cong
elliptic (ECC - Eliptic Curve Cryptography). Hién tai dd xudt hién viéc xay dimg céc tiéu chuén
vé xu th€ mat md nay. Thi dy nhu trong tiéu chuidn IEEE P1363, hoiic TOCT P 34.10-2001 vé
mat mi vdi khda cong khai,

Su hdp dén clia xu huéng mat ma dya trén cd s& clia cdc dudng cong elliptic so vdi thut todn
RSA ¢ ch6 1a: khi sit dung dudng cong elliptic, dé bao ddm do an toan twong duong nhau, thi d6
dai clia cdc con s6 ¢6 bac khong 16n, do d6 lam gidm tai cho cdc bo x{ 1y s6. Mac db Iy thuyét
ve mat mé sir dung céc dudng cong elliptic da nghe thay tir lau, nhung chd mai gdn day méi xust
hién mot san phadm ddng chi § v& thim ma clia loai mit mi nay. Nhu vay, do tin tudng vé
phuong phdp mat mé sir dung céc dudmg cong elliptic con chua thé so sdnh duge véi do tin tuéng
cua mat ma dya trén that todn RSA.

Viec dén gidi phuong phip mat ma sir dung cdc dudmg cong elliptic khd khé khan so véi viec
din giai phuong phdp RSA hay phuong phdp Diffie - Hellman, bdi vay, din gidi todn hoc mot
cdch ddy di chi thdy 14n ddu & cudn sdch ndy. Trong muc nay, s€ trinh bay co s& sir dung céc
dudmg cong elliptic va mat ma sir dung ching.

4.1. Cac dudmg cong elliptic

Cac dudmg cong elliptic (EC) d6 khong phai 1a céc ellip. Chiing duge goi don gidn nhu vay,
bdi vi chiing dugc miéu ta bang phuong trinh bac ba. Tuong ty nhyv di duge sit dung dé miéu ta
dutng cong ellip. Trong trudng hop chung, phuong trinh bac ba d6i v6i cac dudng cong elliptic
co dang:

¥’ +axy + by = x* + cx? + dx +e,
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& day a, b, ¢, e 1a céc 56 thuc, phi hop v6i mot vai diéu kién don gian ndo dé. Viéc dinh nghia
dudmg cong elliptic cling lién quan dén mét phan tit duge ky higu 1a @ va dugc goi 1a phdn tlr
khéng riéng biét (ciling goi 1a phan tir vo cling — point at infinity, hoac phén tir khong), ¥ nghia
cha né ching ta s& giai thich sau. Phuong trinh nhu trén goi 12 phuong trinh lap phuong hay
phuong trinh bac ba, béi vi trong phuong trinh bic cao nhat bang ba. Hai thi du vé edc dutmg
cong elliptic, dugc trinh biy trén hinh 4.11. Nhu vay, chiing ta di nhin thdy, doi khi nhiing cong
thirc nhu the sinh ra dang duong cong rét ki la.

Tir dinh nghia cla dudmg cong elliptic ¢6 thé din ra nhu sau: néu ¢6 ba diém trén dudng
cong elliptic ndm trén ciing mot dudng thang thi téng ctia ching 13 0. Tir dé dua ra mot dinh
nghia clia quy tic todn tir vé phuong phdp cong cdc diém trén duding cong elliptic:

1. D6&i tugng 0 déng vai trd i phén tlr 0, ¢é 10a dd O = (X, »), khi cong, sao cho @ =
- O va d6i véi di€ém P bat k¥ nao rén dudmg cong elliptic c6 P+ 0 =P.

2. Mot dudng thing ditng cét dudng cong & hai diém véi cling mot toa d6 x, chiing ta
chira P, = (x, y) va P, = (x, - y) . Dudng thing ding ndy ciing cit dudng cong &
diém vo cling. B&i vdy P, + P, + O = 0 va P,= - P,. Nhu vay, diém v6i ddu trir 13
diém c6 cung toa d¢ x, nhung ngugc diu toa do y. Quy tic nay duoc phan dnh trén
hinh 4.11.

3. DéE cong hai di€ém Q va R ¢6 toa d6 x khdc nhau, hiy ddn qua cdc diém nay mot
dudng thang va hdy tim diém thi ba P, 12 giao diém clia dudmg thing véi dudng
cong elliptic. Dé dang chi ra ring chi tén tai mét di€m nhu the (néu dutng thing
nay khong 1a dudmg ti€p tuyén v6i dudng cong hodc tai diém Q hoic tai diém R,
trong truomg hop nhu the cin thiét dat P, = Q hodc P, = R tuong img). Sau do6 cdn
nhé ring: Q + R + P, = 0, 1i€p tuc ¢6 Q + R = - P,. Cau triic ndy ciing dugc trinh
bay trén hinh 4.11.

4. D€ ting gap doi diém Q, hiy din ra mot dudng (i€p tuyén tai diém Q vA hiy tim
mot diém cat Skhdc. Khid6: Q+Q=2Q=-8.
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Hinh 4.11. Cac thi du vé duimg cong elliptic.

Cic quy tic trinh bay trén clia phép cong ciing tuan theo céc déc tinh théng thudmg clia phép
cong. Ching han nhir quy lugt giao hodn va két hgp. Phép nhan cia diém P trén dudng cong
elliptic v6i mot s6 nguyen, duong k, ciing duge xdc dinh nhyr 12 t6ng k chap cia di€m P, nhy
sa: 2P=P+P; 3P=P+ P+ P; v.v... '

4.2. Cac duimg cong elliptic trong truimg hiru han

Trong trudng hop mat ma véi sir dung cdc dudng cong elliptic duge dién ra trong dang don

giam bot clia dudmg cong elliptic, trong d6 duge dinh nghia trong mot truomg hitu han.
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Diéu quan tam dic biét d6i vdi mat ma 1a déi wong, duge goi 1a nhém elliptic theo modulp,
0 day p la mot s6 nguyén t6. Nhém nhur vay, duge xdc dinh nhu sau. Hay chon hai s6 nguyén
khong am la a va b (a, b phai nho hon p) thoa méin diéu kién sau:

4a*+27 b(mod p) 2 0

Diéu ki¢n ndy bdo dam phuong trinh f(x} = x* + ax + b = 0, chi ¢ mot nghiem.

Khi d6 EP (a,b) ., ky hiéu nhém elliptic theo modulp, 12 tap hop cac diém ma 1oa dé (x, y) tasd
nguyén khong dm nhé hon p va phit hop véi diéu kién sau:

y'=x' +ax + b (mod p) (4.5)
chng vdi diém & xa vé ciing , ©.

Thi du: Gia thir, chon p = 23. Ching ta khdo sdt dudng cong eltiptic y* = x* + x + 1. Trong
truémg hop ndy a=b =1 vi chingta c6é 4 x 1 +27 x 1 (mod 23) = 8 = 0, n6 phil hop véi didu
kién clla cdc nhdém elliptic theo mudul 23.

Cén chi ¥ rang phuong trinh trong thi du nay, trude d6 di duge vé trén hinh 4.11b). Trén hinh
v& bidu dién 12 dudng cong lién tyc, cic diém sé cho gid i phit hop v&i phuong trinh di cho.
Dai v6i cic nhom elliptic chi duge khao sdt cdc gid tri nguyeén tir (0, 0) dén (p, p) trong géc phin
tw clia cdc s6 khong 4m (géc thit nhét), phi hop v6i phuong trinh theo modul p. Trong bang 4.4.
trinh by cdc diém (khdc v6i 0) 1a cdc phén i cla trudmg E,4(1,1). Trong trudng hop chung, mot
bang ké nhur the duge tao ra theo qui tic sau:

1). B6i véi méi gid tri nguyen cha x, v6i 0 £ x < p, tinh: x* + ax + b (mod p);

2). DB6i véi mbi gid tri tinh duge & budc trén, sé c6 hay khéng gid tri can bac hai theo
modulp. Néu khong c6, thi trong nhém £, (@,b) khong c6 diém v6i gid tri x d6. Néu t6n tai
phép khai cén, thi ¢4 hai gid tri y phit hop vé6i todn tir khai can bac hai (hay bd qua trudng
hop duy nhét 12 khi y = 0). Cic gid trj (, ) ndy s& 1a céc diém cba nhom £, (a,b).

Qui tdc ddi véi phép cong trong nhém E ,(a,b) phi hop v6i phuong phdp hinh hoc trinh bay

trén hinh 4.11. Hinh thifc ciia cdc thu nhan nay d6i v6i tdt ca cdc di€m £, (a,b) c6 thé duge mo

1a nhu sau:

D.P+o=P

2).NéuP=(x,y)thiP+(x,-y)=0. Diém (x, -y) 14 gi4 tri am cta diém P va ki hiéu Ia - P.
Cin thdy rang (x, -y) ndm trén dudng cong elliptic, ¢6 thé chimg minh bing d6 thi (xem hinh
4.11b) v thudc vé £, (a,b). Thi du trong trudng hop E,i(1, 1) d6i véi diém P = (13, 7), chiing

tac6—P=(13,-7), nlumg -7 mod23 = 16;
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3). Nhu vay — P =(13, 16), nhu ching ta d3 thdy trong bang cac gid trj ca E,, (1, 1);
Bang 4.4. Cac diém E,i(1, 1) trén dudng cong eliptic.
(0, 1) (6,4) (12, 19)
(0, 22) (6, 19) (13,H
1,7 (7,11) (13, 16}
(1,16)  (7,12) (17.3)
(3, 10) .7 (17, 20}
(3,13) (9,16 (18,3)
4.0 (11,3) (18, 20)
(5. 4) (11,200 (19, 5)
(3,19) (12, 4) (19, 18)
Céc diém nay dugc trinh bay trén hinh 4.12.

4. NeuP=(x,,y)) vdaQ=(x,,y,), 6day P=Q, thi P+ Q = (x5, ¥,) dugc xédc dinh phil hap véi
qui tic sau:
X3 = A2 — X, - X, ( modp),

Ya=A (X, — X,) —y, (modp),

a day:
b It 4l , né'u P#0
Xy — X
2
3x, +a’ né'u P=Q
2y,
Chiing ta khao sdt hai thi du sau. Gid thr P=(3,10)vaQ=(9, 7). Khid6:
A=ﬂ=l§='—lsnmod23
G-3 6 2

X;=11"-3-9=109 = 17 mod23
y:=11{(3-9}-10=- 76 = 16 mod23
Bai vay P + Q = (17, 16). D€ tim 2P chiing ta x4c dinh:
A=(3(3) + 1)/A2 x 10) = 28/20 = 7/5 = 6 mod23
X3 =6%—3-3=30=7mod23
y2=06(3-7)-10=-34= 12 mod23
va bai vay 2P = (7, 12).

Ciing cin nhé ring phép nhan duge dinh nghia nhu 1a sy l4p lai ctia sit dung todn tir cong:
4P=P+P+P+P.
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Hinh 4.12. Cac diém E,(1, 1) trong trudng elliptic hiru han.
4.3. Cac duong cong elliptic va mat ma
Todn tir cong trong mat ma dua trén co sd clia cdc dudng cong elliptic 12 tuong tu nhu todn tir
nhan theo modul clia s6 nguyén t6 trong RSA, cdn lip lai nhiéu l4n phép cong tuong tu nhu phép
nang lén luy thira. D xay dung heé théng mat ma trén co s& sir dung dudng cong elliptic, cdn
phéi tim “ van dé khé khan ” tuong ty nhu phan tich thanh thira s6 ciia tich hai s6 nguyén t& hoic
la logarit rdi rac.

Chiing ta hdy khdo sit phuong trinh Q =k P, 6 day Q,P e E,(a,b) vak < p. S¢ dé dang tinh
Q khi biét k va P, nhung tuong d6i rdt khoé khin xdc dinh k néu cé P va Q.

Trong phdn ndy, chiing ta miéu ta ba xu thé huéng t6i sir dung dudng cong elliptic trong mat
md, dé cdc ban c6 thé ddnh gid viec img dung Ki thuat nay.
a). Thuat toan trao déi khoa theo so do Diffie - Hellman

Trao di khod v6i viéc sir dung dudmg cong elliptic ¢6 thé thuc hién nhu sau: ddu tién chon ra

mot s6 nguyén t6 p =~ 2'* va tham s6 a va b déi véi dudng cong elliptic trong phuong trinh (4.5).
Tir d6 xdc dinh nhém diém elliptic £, (a,b) . Sau d6, trong E ,(a,b) chon mot diém phat sinh
G = (x;, y)). Khi chon G di€u quan trong 1 cdn phai bio dim dé gi4 tri q nhd nhat, khi dé
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qxG = 0, ma q phai 1 s nguyén t8 ¢6 gid tri rit 16n. Nhém E, {a.b) va G trong he thong mat
md la cac tham s6 duge biét bdi tat ca cac ngudi tham gia.
Trao déi khod giita hai ngudi sit dung A va B c6 thé dién ra theo so dé sau:
1). Phia A chon mot s6 nguyén n,, véi n, < q. S6 nay 1a khod riéng cia ngudi tham gia A,
Sau d¢, phia A phat sinh khod cong khai P, = n, x G. Kho4 céng khai 1a mot diém nao dé
trong £ (a,b);
2). Ciing tuong tr nhu A, ngudi tham gia B chon mét khod riéng n, va tinh khod cong
khai Py ;
3). Phia A phdt sinh khod mat K = n, x Py, tuong ty nhu thé, phia B phét sinh khod mét
K=ngxP,.
(4 hai cong thifc trong bude ba, déu cho chung mot két qua, bdi vi :
n, x Pp=n, x (g x G} = ng x (ny x G} =ng x P,.
Dé bé khod so dd ndy, d6i phuong cn phai tinh gid trj k khi biét G va kG, dé 1a diéu r4t khé
khan,
bé minh ching, ching ta din ra mot thi du, duwoc tinh toan bdi Ed Shaefer & dai hoc tdng hgp
Canta - Klara. Chon p = 211, nhém E0, - 4), né phii hgp v6i dudng cong y* = x* — 4 va diém
sinh G = (2, 2). C6 thé thdy ring 241x G = ¢. Kho4 riéng ctia ngudi tham gia A chon ia n, = 121,
vi vdy khod cong khai clia A 1a P, = 121(2, 2) = (115, 48). Khod riéng cla ngudi st dung B chon
12 ng =203, boi vay khod cong khai ca B 14 Py = 203(2, 2) = (130, 203). Kho& mat chung ciia
hai nguoi 1a 121(130, 203) = 203(115, 48) = (161, 169).
Can chii y riing Khod m4t chung clia hai ngudi 1a mot cip s6. N&u khod mat s& duge sir dung
lam khod phien d6i véi mat md truyén thong, thi tir c3p s6 ndy cin thiét phai phét sinh mot gid
tri phl hgp. C6 thé, chéng han, sir dung don gian toa do x, hoac mot ham don gidn nao dé cia x.

b). Ma hoa/ giai ma vdi viée sit dung duimg cong elliptic

Trong céc taj liéu tham khao chuyén biét ¢6 thé tim thay su phan tich mot vai xu hudng vé ma
hoa va giai ma sir dung dudng cong elliptic. Trong muc ndy, chiing ta hay khio sdt trudng hop
don gidn nhét trong céc xu th€ dé. Bai todn ddu tién trong he théng khdo sdt 13 mi hod van ban
rd M, cdn phai gid di dudi dang toa do (x, y) d6i véi diém P,,. O' day diém P, s& 12 van ban mi
va s€ cin giai md & phia kia. Cin chii ¥ ring chiing ta chua c¢6 thé mi hod tin tic thanh toa do
don gidn x v2 y cia mot diém, bdi vi khong phéi tdt cd cdc diém nhu vAy c6 trong E ,(a.b)

(xem thi du & bang 4.4). C6 mot vai xu th€ lien quan t6i viéc ma hod nay, nhimg chiing ta s&
khong khao sét chiing. D61 véi muc dich cba chiing ta 12 dat duge mot cdch don gian, chiing ta
¢ nhan xét true ti€p vé phuong phdp ma ¢6 thé ing dung & day.
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Ciing nhu trong trudmg hop trao ddi kho4, trong hé théng ma hod vi gidi ma dé ding lam tham

s¢ cling khao sdt di€ém sinh G v nhém elliptic E_(a,b). Nguoi slt dung A chon khod riéng n,

va phdt sinh khod cong khai P, = n,x G. D€ ma hod va giri tin tdc P, cho ngudi sit dung B,
ngudi sir dung A chon mot s6 duong nglu nhién k (k < q) va tinh van ban ma C,,, bao gém céc cap
diém:
Cu={kG,Py +kPy}.

Chi ¢ rdng phia A sir dung khod c6ng khai clia B: P,. D& gidi md van ban ma d6, B nhan diém

thit nhat véi khod mat ciia B va 18y diém thit hai trir di két qua, duoc:
Pu+kPy-ngkQG) =P, +k(ngG)-nygk G)=Py,.

Ngudi sir dung A “che gidu” tin tiic P, nhd bé sung téi né gid tri kP, . Khong ai, ngoai ngudi
sir dung nay biét gid tri k. Boi vay, mic di Py 13 khod cong khai, nhimg khéng ai ¢6 thé tdch ra
dugc phin mét na kPy. Tuy nhién, ngudi sir dung A da che phi tin tic, nhung ciing “goi ¥ ring
cé thé thdo bd duge mat na d6, néu ai dé ¢ khod riéng n,. DEi phuong muén khoi phuc lai tin
tie c4n phdi tinh dugce k Khi biét G va kG, day thue sy 1a bai todn cuc ki khoé.

Dé 1am thi du minh ching, chiing ta dan ra mot két qua tinh todn sau. Khao sat trudmg hop p
=751, E(-1, 188) (phi1 hop v6i dudmg cong y* = x* - x +188) va diém sinh G(0, 376).

Gia sit ring ngudi sir dung A giri cho ngudi sit dung B mét tin tic, trong d6 duge ma hod
thanh diém trén duding cong elliptic Py(562, 201) v ngudi sir dung A chon mot s ngdu nhién
k = 386. Khéa cong khai ctia B 1a Py = (201, 5). Ching ta ¢6 386(0, 376) = (676, 558) va
(562, 201) + 386(201, 5) = (385, 328). Nhu vy, ngudi sir dung A cdn gii vin bin mi
{(676, 558), (385, 328)}.
¢). Hinh thanh va kiém tra chir ky sé vdi sir dung dwdng cong elliptic

Chiing ta din ra san day cdc bude thyc hién chufin chir k§ s6 (CKS) clia Cong hoa lién bang
Nga (FOCT P 34.10-2001). Chudn CKS nay 12 mat mi vdi khda cong khai duge xay dung trén
co s& st dung dudng cong elliptic. Qu4 trinh hinh thanh nhu sau:

1). Phit sinh s& nguyén t§ p va EC theo cong thic (4.5). Tir day xdc dinh tap cdc diém wén EC,

trong hé toa d Décdc (x, y), k¥ hieu E  (a,b) . Trong nhém E (a,b) chon ra mot diém sinh G,
v6i diéu kién q 13 gid tri nho nhat d€ qG x 0, q phai 13 s8 nguyén (6 ¢6 gid tri 16n (g < p). Nhém
E ,(a,b) va G phii céng khai cho moi ngudi tham gia;

2). Chon nglu nhién chudi s6 nguyén n,, n,,..., n, véi 1 < n; < q, dé tao thanh khéa riéng clia
méi ngudi tham gia;

3). Chudi khéa cong khai P, P,...., P,, dugc xdc dinh theo cong thic P, = nxG:;

4). Chon ham bam H, tinh ban t6m lugc cia tin tisic M, duge h = H(M);

5). Chon ngdu nhién s6 nguyént, 0 <t < g; theo t tinh diém R =t x G = (xy, yy) trén EC;
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6). CKS hinh thanh tir cap (r, s), duge xdc dinh theo cong thiic sau:
r=x,modg va s=(t.h+r.n)modg viila ngudi tham gia ky.
Qué trinh kiém tra CKS, gém 2 budc sau:
1). Tinh v=s.A"modg va w= (q —-r.h )modq . Tir day pht sinh di€m R'=v.G+w.P
= (xR.,yR. ) Tinh A =x, modg;
2). Hinh thanh v& thit 2 cia phép kiém tra bang cich copy r, titc 18y B=r.
Néu A = B, CKS duge xdc minh 1 diing chi.
D¢ dang chimg minh duge R’= R. Thuc vay:
e v.G=s5.h"modq.G=(t.h+r.n)h".Gmodg=
= (!.G+r.h".R)modq = (R+r.h".P,.)modq;
ow. P = (q -r.h ).R. modg =(-r.A"'.P)modg.
Cudi cling, chiing ta ¢6:
R'=(R+r.1" .P)modg—(r.h".P)modg=R

Nhuge diém ctia cdc chugn CKS hién hanh [a khi cdn n (n 2 2) ngudi k¥ vo cdng mot vin ban,
thi cdn fuu git n CKS.. Chiing 16i da thir nghiém hinh thanh va kiém tra CKS tap thé€ bio dam
cung d9 an toan, nhung d¢ dai CKS coi nhu gidm di twong duong n l4n.

4.4. Sy an toan mat ma véi sit dung dudmg cong elliptic

Sy an toan bdo dam cho xu hudng mat ma dua trén viée sir dung duding cong elliptic phu thutc
vao sy khé khin nhu the nao, khi phai gidi bai todn xdc dinh k khi biét P va kP. Bai todn ndy
thudng duge goi 18 vdn dé logarit hod trén dudng cong elliptic. Phuong phdp nhanh nht hién
nay, tir tt cd cdc phuong phép di biét, duge goi 12 “phuong phdp p” cia Pollard. Trong bang
4.5. so sénh hiéu qua ctia phuong phdp ndy va phuong phdp phan gidi ra thira s& nguyén t6 véi sy
ghip dd clia phép sang trong trudng s6 dang chung. Nhu doc gia da thdy, theo phép so sdnh véi
RSA, trong trudng hgp tng dung phuong phip mat ma dua trén co sd sir dung dudng cong
elliptic, v6i cling mufc an toan thi d¢ dai khod gidm ddng ké.

Khi d9 dai khod nhu nhau, thi yéu cdu cong stc tinh todn khi sir dung RSA vi mat ma dua
trén ca s dudng cong elliptic 1a khong khdc nhau nhiéu. Nhu vay, khi bio ddm ciing do an toan
thim ma nhu nhau, néu dem so sinh mat ma dua trén dudng cong elliptic v4i thuat todn RSA, thi
d¢ dai khod ngén hon nhiéu.
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Bang 4.5. Khéi lugng tinh todn dé tham ma khi sir dung duimg cong elliptic va RSA

a). Kich thudc S8 nam b). Kich thude S8 nam
khéa MIPS khéa MIPS

150 3,8x10" 512 3x10°

205 7.1x10"% 768 3% 10"

234 1,6x10% 1024 3x10"

a} Logarit héa trén duong cong 1280 3% 10

elliptic theo phuong phip p cua

Pollard. 1536 3x10%
2048 3x10%

b). Phan giai ra thira s§ theo phuong phdp sang
trong trudng s6 dang chung.
5. THUAT TOAN MD5 TiNH PROFIL TIN TUC

Thu4t todn MDS5 d€ tinh profil tin titc dd duge sdng ch€ bdi Ron Rivest thuoe Pai hoc cong
nghé Massachuset (MIT) (thuat todn mat md RSA 14n ddu tién xu4t bén mang tén Rivest), Dén
thi gian gan day, khi xuit ban lin cuéi, da tang cudng kha nang chéng lai thdm ma theo
phuong phdp vét can mei phuong dn, cling nhyr trong cd thim ma, MDS 14 thuat todn luu truyén
rong rai nhat trong s& that todn hiim bam an toan.

5.1. Logic coa MDS

Thuat todn 18y 1am s6 liéu ddu vao céc tin tic cé do dai bit ky va dua & ddu ra 128 bit gid tri
profil tin tirc. S6 li¢u ddu vao duge gia cong thanh cdc khéi 512 bit lién tiép.

Trén hinh 4.13 bidu dién so d6 chung gia cong tin tic khi tinh profil ciia né. So dé nay phu
hgp véi cu tric chung hon, di duge nghién ciu. Qua trinh gia cong tin tic bao gém céc giai
doan sau;
¢ Bu6ce 1: B6 sung céc bit lam ddy. Tin tiic duge bS sung, sac cho do dai chung ciia né ¢ dang
448 theo modul512 (nghia 13 d¢ dai = 448 mod512). Do dai cha tin tifc bé sung trong dang bit
cén phai nho hon hoic bang 448bit, dé tao thanh (ké ca 64bit dé ghi do dai tin tic) nguyén 14n
khdi 512 bit. Todn tir b8 sung 1udn ludn duge thyc hién, ngay ca khi tin tirc khoi ddu K= nguyén
1an kh6i 512bit. Chéng han, do dai clia tin tikc bing 512bit, thi cdn b sung thém 448 bit, két qua
do dai ciia tin tifc sau bd sung bing 960 bit. Béi vay, s& lugng bit b8 sung phai la tir 1 dén 448
bit. Cau tao clia cdc bit b6 sung nhu sau: bit ddu tién bing 1, 14t ca cdc bit con lai bing 0.
¢Buéc 2: Bé sung cac bit d¢ ghi gia tri 4o dai. Khoi 512 bit cusi ciing danh 64 bit dé ghi do

dai cia tin e khdi ddu (nic 12 do dai coa tin tic trude khi duge b6 sung). Néu do dai clia tin tic
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vuot 2%bit, thi chi ghi gid tri do dai phan du cia Kmod2™. Nhu vay, truong nay ghi do dai ciia
tin titc khéi dau theo modut 2™,

((jiiii ;3: ffgsuﬁf D¢ dai cla ban tin
\ (Kmod2%%)

« —— —— L512bit=N 32 bit
«— —— Kbit — —
Ban tin 100..|
< 512bit
- ¥ & L B ] YL—I
512
Cv Cv,

- 128 128
128bit £

Ban t6m lugc

Hinh 4.13. Tinh todn ban tém lwge tin titc ciia MDS5.

*Bude 3: Gia tri dém khéi ddu MD. Dé luu giit cée k&t qua trung gian vi cusi cing clia ham
bim, s& sit dung 128 bit dém. Dém ¢6 thé trinh bay dusi dang bon tir 32 bit (A, B, C, D). Céc
dém nay véi gid trj khoi ddu (trong dang co s6 16) nhu sau;

A =67452301;

B = EFCDABS89;

C = 98BADCFE;

D =10325476.

Céc gid tri ndy duge liu gitr trong dang trinh tur true ti€p ghi cdc byte, khi d6 byte cé gid tri
nho nhdt cia tir duge dit & vi tf v6i dja chi nho nhat. Nhu 13 cdc dong 32 bit, gid tri khdi ddu
{theo co s§ 16) sé ¢6 dang nhu sau:

TirA: O1 23 45 67; (méi cap s6 trong he 16 c6 gid tri 1byte trong h¢ 2)

TuB: 89 AB CD EF;

TirC: FE DC BA 89;

TauD: 76 54 32 10.
¢ Budc 4: Gia cong tin tire thanh cac khéi 512bit (méi khéi theo 16 tir). Trai tim cha thuat
todn la ham nén, bao gém bon “cong doan” gia cong. Trén hinh 4.13. modul nay duge ky hiéu la
HMDS3, cén logic 1am viéc ctia modul duge chi ra trén hinh 4.14.
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Hinh 4.14. Gia cong mét khdi 512 bit trong MDS (ham nén MDS5).

T4t ca bon cong doan déu c6 cdu tric tuong tu nhau, nhing trong mdi cong doan lai sir dung

ham logic nguyén thity ciia minh (trén hinh vé phit hop véi ham duge ky hiew A F, G, Hval).

Trong mdi cong doan dua tdi ddu vao 512bit chay (¥,) va 128bit dém ABCD va sau do khoi
phuc lai 128bit dém. Trong mdi cong doan ciing sit dung 1/4 gid tri clia bang 64 phdn tr T
[1...64], bao gém tir cdc gi4 tri clia ham sin. Trong bang T, phén tir thit i, duge k¥ hiéu T(i], 1a
phdn nguyén cia s6 2% abs(sin(i)), & day i la géc tinh theo radian. RS rang ring abs(sin(i)} ¢é
gid tri nim trong dai tir 0 -1, m&i phdn tir T 12 mdt s6 nguyen, ma c6 thé trinh bay trong dang 32
bit. Bdng bao dam”phan déu” tap ma 32 bit, nd ¢6 st ménh “dap tan”sy déu dan bat ky cha s§
liéu din vao. Bang ke gid tri cla T trinh bay trong bang 4.6b).

Gid tri ddu ra ctia cong doan thit bon duge bd sung thém gid tri ddu vao cha coéng doan thit
nhét (CV,) va két qui nhan duge CV,,,. Phép cong duge thuc hién theo modul 27 khéng phu
thudc d6i vGi mdi mot trong bon iy dém véi céc tir phit hop cta CV,,.
¢ Budce 5: PAn ra. Sau khi gia cong tat cd L khoi 512 bit, & ddu ra cia giai doan gia cong thit L
nhan duge 128 bit profil tin tiic.
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Bang 4.6. Cdc phin tir kh6a MD5

a) Cic gid tri clra ham logic

b C d F G H I
0 0 0 0 0 0 1
0 0 1 1 0 1 0
0 ! 0 0 1 1 0
0 1 l 1 0 0 1
I 0 1 0 1 0 1
1 I 0 1 1 0 0
| 1 1 l 1 1 0

b) Bang T, duwgc tao ra trén co sé cac gis tri cia ham sine

T1) =D76AA478 T[17] = F61E2562 T[33] =FFFA3942 T[{49] = F4292244
T[2] =E8C7B756 T[18] = C040B340 T[34] =8771F681 T[50] =432ATF97
T[3] =242070DB T[19] = 265E5A51 TI35] =699D6122 T[51] = AB9423A7
T[4] =CIBDCEE T{20] = E9B6CTAA T[36] = FDES380C T[52] = FC93A039
T(5] =F57C0AF T[21] = D62F105D T[37] = AABEEA44 T[53] = 655B59C3
T[6] =4787C62A T[22} =02441453 T[38] = 4BDEFCA9 T[54] = 8F0CCC92

T[7] = A8304613 T[23]= DSAIE68]1 T[39] = F6BB4B60 T(55] =FFEF47D
T[8] = FD469501 T[24] = E7D3FBC8 T[40] = BEBFBC70 T[56] = 85845DD1
T[9] = 698098D8 T[25] = 21EICDE6 T[41] = 289B7EC6 T[57] =6FA87E4F

T[10] = 8B44F7AF T[26] = C33707D6 T[42] =EAAI127FA T[58] = FE2CE6EQ

TE11] = FFFF5BBI T[27] = F4D50D87 T[43] = D4EF3085T[59] = A3014314

T[12] = 895CD7BE T[28] = 455A14ED T[44] =04881D05 T[60] =4E0811Al

T[13] =6B901122 T[29] = A9E3E905 T[45] = D9D4D039 T[61] = F7537E82

T[(14] = FD987193 T[30] = FCEFA3F§ T[46] = E6DBY9ES T[62] = BD3AF235

T[15] = A679438E T[31] = 676F02D9 T[47] =1FA27CF8 T[63] = 2AD7D2BB

T[16] = 49B40821 T[32] =8D2A4CS8A T[48] = CAAC5665 T{64] = EB86D391]
Theo toan bo hoat dong cilia thudt todn MDS ¢6 thé micu t3 bdi cdc cong thiic sau:

cv, =1V

CVq = SUMs, (CV,, RE [Y,, RF,,[Y,, RF; [Y,, CV,I])

MD =Cv,.

o} day:

IV =gi4 tri dém ban ddu ABCD, dugc cho & budc 3;

Y, = kh6i s6 liéu 512 bit thit q;
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L = s& luong khdi s6 liéu chung (v6i sy tinh todn cdc bit bé sung va trudmg ghi do dat tin tic);
RF, = ham cong doan, khi sir dung ham l6gic nguyén thuy x;
MD = gi4 tri ddu ra cia profil tin tic;
SUM,, = téng theo modul2®, dugc thuc hién riéng biét d6i voi méi mot tir clia cap cic 50 ligu
déan vao.
5.2. Ham nén MD5

Chung ta hdy khéo st chi tiét logic clia mdi mot cong doan tir bdn cong doan gia cong khoi
512 bit. Mbi mot cong doan duge hinh thanh tir sy ndi ti€p cia 16 todn tir véi dém ABCD da
cho.

Mbi mot todn tir nhu vay ¢é dang:

a < b+{(a+gb, c,d) + X[K] + Tli] <<<'s),
o day:

a, b, ¢, d - bén tir dém trong su x4c dinh trinh ty, s& thay d6i trong qué trinh gia cong;

g - mot it cdc ham nguyén thuy F, G, H, [;

<<< s - dich vong trdi ciia két qua 32 bit di s bit;

T(i) - tir 32 bit thi? i trong ma trdn T;

X(k) - tir 32 bit thit k trong khdi tin tfc 512 bit thit g, nghia la M[q x 16 +k];

+ - k¢ hiéu trong phép cong theo mod2™.

C4u tric cha todn tir thuc hién chi ra trén hinh 4.15. Trinh tu, trong d6 sir dung bén tir (a, b, c,
d) bdo dam phép dich vdng trii di mot tir, sau mdi bude cha todn i,

Bang 4.7, Cic ham nguyén thily va gi4 tri cia ching.

Cong doan Ham nguyén thuy g g(b,c,d)

1 F(b, c, d) (brc)v( b Ad)
2 G(b, ¢, d) (brc)vicad )
3 H(b, ¢, d) bDcdd

4 i(b, c, d) c®(bvd)

Trong m&i mét tir b6n cong doan cha thut todn s€ sit dung ham logic nguyén thuy cia minh.
Ham nguyeén thiiy nhw vy nhan & ddu vio ba tir 32 bit va dua ra & ddu ra mot tir 32 bit. Méi mot
him nhir vay thuc hién hang loat todn tir logic theo bit, nghia 1a bit thd n-i clia gid tri ddu ra la
ham cia bit thit n-x ctia ba gid tri ddu vao. Cdc ham nguyén thily ¢6 dang nhu bang 4.7.

O day céc toén tir logic AND, OR, NOT, XOR dugc ki hi¢u A, v, - , ®, phit hop. Ham F [a
bidu thirc ¢6 didu kieén: néu b nhan logic ¢, khic d. Ham G ciing nhu vy, c6 diéu kién: néu d
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nhan logic b, khic c. Ham H cho bit chin. Gid trj ctia tat c bdn ham duoc trinh bay trong bang
4.6a).

Hinh 4.15. Toan tir co s& MD5 (mét buée clia cong doan).

Trén hinh 4.16. x4y dung trén co s& clia cdc s6 ligu tr RFC 1321, trinh by thuat todn cla budc
4. S€ gia cong cdc khéi clia cdc tir 32 bit X[0...15] bao g6m nhiing gid tri chay clla khoi din vao
512 bit. Trong khuon khd timg cong doan, méi mot trong s& 16 tir X[0...15] duge (mg dung chi
mot 1dn, d6i v6i mot busc, con trinh tyr trong d6 cdc tir ndy dugc sir dung 13 thay déi tir cong
doan ndy i6i cong doan khdc. Trong cong doan thit nhat cdc tir duge hinh thanh trong trinh tu
khéi ddu cta chiing. Trong cong doan thit 2 dén tht 4, ngudi ta dinh nghia céc phép hosn vi sau:

p>(1) = (1 + 5i) mod16;

ps(i) = (5 + 3i) mod16;

pi)= Ti modlsé.
Mai mot trong s6 64 phdn tir T ¢6 do dai bang mot tir 32 bit, dugc sit dung chi mot 14n d6i v6i
mot bude cia mot cong doan. Cin chi ¥ ring trong két qué thue hién clla mot bude clia cong
doan dwge phuc héi lai chi 4 byte dem ABCD. Tiép tuc, trong khoéang clta cong doan, mdi byte
dém dugc phuc hdi lai bdn 14n va con mot 14n & cudi, khi nhan duge gid tri cha khéi ddu ra cudi
ciing. Nhan xét cudi cling, trong mdi cong doan ngudi ta sir dung lién ti€p bdn dich vang trdi véi
céc gid tri dich khdc nhau. Muc dich ciia 4t ca céc phifc tap ndy 1a nhanm dam bao khong c6
kha nang thyc tién tim ra xung dot (titc 1 tim duoe mot cdp cna khéi 512 bit, ma s& 6 cling ddu
ra).
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f*Gia cong t4t ca cac khéi theo 16tir (512bit)*/ /* Cong doan 3 */
For q = 0 to (N/16)-1 do /* Lay [abed k s i] dé k¥ hiéu todn tr
{* Copy khoi q vao X*¥/ a=Db+({a+ Hbcd) + X[k] +TliJ<<<s)
Forj=0to 15do thuc hién theo 16 todn tir sau®/
Set X{j] to M[g*16+i). [ABCD 5 4 33]
end /* két thic vong lap theo j %/ [DABC g 11 34]
/¥Luu A vao AA, B vao BB, C vao CC, D vio [CDAB 11 16 35]
DD */ AA=A; CC=C {BCDA 14 23 36]
BB =B; DD=D [ABCD 1 4 371
/* Cong doan 1 */ [DABC 4 11 38]
/* Lay [abed k s i] dé ky hiéu todn tir [CDAB 7 16 39]
a=b+ ((a+ Fb,c,d) + X[k] +T[i]<<<s) [BCDA 10 23 40]
thuc hién theo 16 todn tir sau*/ [ABCD 13 4 41]
[ABCD 0 7 1] [DABC 0 11 42]
[DABC 1 12 2] [CDAB 3 16 43]
{CDAB 2 17 3] [BCDA 6 23 44)
[BCDA 3 22 4] [ABCD 9 4 43]
[ABCD 4 7 5] [DABC 12 11 46]
[DABC 5 12 6] [CDAB 15 16 47}
[CDAB 6 17 7] [BCDA 2 23 48]
[BCDA 7 22 8] /* Cong doan 4 */
[ABCD 8 7 9] /* Ly [abed k s i} d€ k¥ hiéu todn ti
[DABC 9 12 10] a=b+({a+I1{becd +X[k] +Tli]«<<s)
[CDAB 10 17 11] thuc hién theo 16 todn tit sau*/
[BCDA 11 22 12] [ABCD 0 6 49]
[ABCD 12 7 13} [DABC 7 10 50]
[DABC 13 12 14] [CDAB 14 15 51]
[CDAB 14 17 15] [BCDA 5 21 52]
[BCDA 15 22 16} [ABCD 12 6 53]
[DABC 3 10 54]
f* Cong doan 2 */ [CDAB 10 15 55]
/* Ldy [abed k s i] dé ky hiéu todn tir [BCDA | 21 56}
a=b+((a+Gbed) + X[k] +Tli]<<<s) [ABCD 8 6 571
thuc hién theo 16 todn tir sau*/ [DABC 15 10 58]
[ABCD 1 5 17] [CDAB 6 15 59]
[DABC 6 9 18] [BCDA 13 21 60}
[CDAB 11 14 19] {ABCD 4 6 61]
{BCDA 0 20 201 [DABC 11 10 62]
[ABCD 5 5 21] [CDAB 2 15 63]
iDABC .10 9 22] (BCDA 9 21 64]
[CDAB 15 14 23] /* B8 sung vao cdc gid tri chay clia mdi ghi
{BCDA "4 20 24] dich cdc gid tri, ma cdc ghi dich dé nhén dugc
[ABCD 9 5 25] chiing trude khi bt ddu gia cong khéi*/
iDABC 14 9 26] A=A +AA
{CDAB 3 14 271} B=B + BB
[BCDA 8 20 28] C=C+CC
[ABCD 13 5 29] D=D+DD
[DABC 2 9 30] /*Két thiic vong lap theo q*/
[CDAB 7 14 31
[BCDA 12 20 32]

Hinh 4.16.Thuét todn co sé phuc hoi MD5 (RFC 1321).
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5.3. MD4

Thuat todn MD4 1 phién ban trude cha MDS5 va cling duge gia cong boi Ron Rivest. Thuat
todn biy duge xuat ban trong tai lieu RFC vao thang 10 nam 1990. Khong lau sau, mét phién
ban chinh stra di dugc xuat ban trong tai ltéu RFC 1320 vao thdng hai nam 1992 vi ciing thoi
gian nay xuat ban MD5 .

Bay gi&y chiing ta khéo so qua vé MD4, béi vi khi gia cong cad MD3 va MD4 ¢6 ciing mot muc
dich, duoc hinh thanh tir bai bdo efia Ron Rivest, Cdc muc dich nay c6 lién quan t6i cdc didu sau
day:

¢ An toan: Cic doi hdi thong thudng d6i véi ma ham bam 1a khéng ¢6 kha nang tinh dé tim
ra hai tin tc ma ¢6 cling mot profil tin tifc. Trong th&si gian xudt ban MD4 sy an toan dat dugc
d6i vi cdc cude tan cong kidu chon tat ca cac phuong 4n, diéu nay dat dugc bing c4ch chon do
dai cia profin tin tic. Rivest ciing con ban khoin vé sy phic tap cha MD4 ¢6 duoe an toan d6i
Vi cdc cudc tin cong tham ma.

¢ Tée do: Thuat todn cén phai chdp nhan dé b6 uf trong nhimg tmg dung khédc nhau, vi vay
cén phai thue hién dat t6c do nhanh. Trong trudng hop riéng, thdy ring thuat todn cén phai thuc
hién nhanh trong c4c hé théng véi kién triic 32 bit. Vi vay, thudt toén duge xay dung trén nhiing
todn tr nguyén thiy don gian véi céc tir 32 bit.

¢bon giin va gon nhe: Thut todn c4n phai don gian theo quan di€m miéu td né va khi
chuong trinh hod ciing khong ddi hoi tao nen nhimg chuong trinh I6n va cdc bang chuyén vi 16n.
Céc diéu kién nay khong chi cé loi thé 5 rang vdi quan diém chuong trinh héa ma con mong
muon trong k& hoach an toan, bdi vi mét thuat toin don gian c6 kha ning bd qua phép thim mi
vé do bén.

¢ Kién triic wa chudng véi trinh tu truc (i€p cia cdc byte nghién cfru: Kign tric cha mot
vai vi xir 1y (ching han, ho vi x{r 1Y intel 80xxx va pentium) du dinh Iuu giif nhitng byte clia tir ¢6
gid trj nho nhat vao vi trf dja chi sinh sau (cdi duge 801 1a trinh tur tryc tiép cia byte). Kién triic
clia hai loai vi xir I (ching han, SUN Sparcstation) dua trén s lwu gift trong vi tr{ dia chi sinh
sau cho cdc byte clia tir gi4 trj 16n nhat. Su khéc nhau nay duoc thé hién néu khao st tin tite nhu
1a mot tir 32 bit lién ti€p, bdi vi d6t véi trong s6 kién tric trén din den thay déi trinh tw nghien
cltu ciia byte trong méi tir duge gia cong. D6i véi sy dién gidi tin tic trong dang tir 32 bit lien
ti€p, Rivest da chon so d6 véi trinh t tryc ti€p cba sy nghien cire byte. Sy lua chon nay clla
Rivest da dua trén sy tin tudng rang qud trinh xir 1y v6i trinh tu true ti€p clia su nghién ciu byte,
ndi chung, 1a nhanh hon va 16t hon xét vé mat gidm tai khi gia cong.

Muc dich nay cfing da duge theo dudi khi tao nén MDS5. So sdnh véi MD4 thi thujt todn MD5
6 mot s8 diéu phiic tap hon v bdi vay n6 s& chay cham hon. Rivest tinh todn ring khi b6 sung
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thém sy phic tap nhim nng cao thém mic do an toan cla thudt todn. Sy khac nhau co ban giita

hal thuat toan nhu sau:

1. Trong MD4 thuc hién gia cong theo ba cong doan, méi cong doan gém 16 budc, con MDS
thuc hién bén cong doan, mdi cong doan 16 budc.

2. Trong MD4 & cong doan thit nhit khong sir dung bat ky gid tri b6 sung nao. O’ cong doan
thit hai, trong mdi budc bd sung thém mét gid tri. Trong cong doan thi ba trong mbi budc
lai b8 sung them mot gid tri khéc. Trong MDS trong tét ca 64 budc bd sung thém gid tri TTi]
tuong ng.

3. Trong MDS5 st dung b6n ham logic nguyén thily, m6i ham trong mét cong doan, con trong
MDA4 ciing st dung ba him nay, ciing méi ham trong mot cong doan.

4. Trong MDS5 trong méi mét bude duge bé sung vao két qua chay ket qua cla bude wrude. Thi
du: két qia cha budc mot duge luu giit trong tir A. Két qua cta bude hai duge hru gilf trong
tir D, duge hinh thanh nhd bd sung gid tri A do k&t qua cla phép dich vong tréi. Cling nhu
vay, két qua cha bude ba duge hru gift trong tir C, duge hinh thanh nhd bd sung gid tri D 6
két qua thuc hién todn t dich vong trai. Trong MD4 phép cong cudi cing nhir the da khong
dugc thuc hién. Rivest cho ring viéc bé sung thém todn tlr cong cudi cing & mbi bude, nhim
tang thém hiéu ting théc 1T trong toan bo so do.

5.4. D6 bén coia MD5

Thuat todn MD35 c6 mot dic tinh nhu sau: mdi bit cha md ham bam phy thudc vao tat ca céc
bit dira dén ddu vao. Su phiic tap cita nhiéu lan st dung cdc ham co s& (F, G, H, 1), ket qua c6
mot sy tron 14n déu 14t ca, didu d6 c6 nghla ring khong c6 khé nang thyc tién dé chon ra hai tin
titc khéc nhau, ¢6 cing md ham bam, ngay ca khi hai tin tc dé c6é céu tric tuong ty nhau. Trong
tai lieu RFC, Rivest di chi ra ring MDS 1a mét thuat todn phic tap, bai toan tim ra hai tin tific c6
ciing profil, ¢6 do phitc tap ddnh gié theo 2% ; con bai todn tim ra tin titc khi cho tritde profil cé

do phiic tap dén 2'** todn 1.

Trong thoi gian dén nam 2000 di khong c6 ket qua ddng ké ndo chia cudc tn cong vao MDS.

Tuy nhién, céc cugc tdn cong vao cdu tric bén trong ciia MD5 ¢6 thé theo cdc hudng sau:

1. Sir dung phuong phép thim maé vi sai, Berson d4 chi ra ring d6i v6i mot cong doan
MDS5 c6 kha niang sau mot thoi gian hop 1y tim duoc hai tin wic, phat sinh cing mot
profil. K&t qua nay da duge thé hién d6i véi mot cong doan ciia thuat todn. Chiing ta c6
quyén chdr doi két qua tuong ty d6i véi ca bbn cong doan ciia thudt toan MDS5 ;

2. Boer va Bosslaers da chi ra ring c6 thé tim duge mot khéi tin tiic X va hai gid tri lién
ket thay d6i phit hop dé phat sinh ciing mot trang théi ddu ra. Diéu d6 c6 nghia ring khi
thuc hién MD5 v6i khéi 512 bit rieng biét, cho & ddu ra ¢6 ciing mot gid tri, dai véi hai
gid tri ddu vao khdc nhau trong gid tri dém ABCD. Tinh trang nhwr vay duge goi la
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gid va cham. Trong thdi gian hién tai chua cé kha nang tin cong thanh cong MD5
theo kiéu d6;

3. Mot chién luoe tdn cong MDS ddng quan tam hon cd, duge dé xust bdi Dobbertin, Ky
thudt ndy cho phép phdt sinh va cham d6i v6i ham nén MDS5, nghia 1a cdch tdn cong
nay dugc xay dung trén co s khao sat hoat dong MDS d6i v6i timg khai 512 bit riéng
bigt va tim ra mot khéi khde cho cing gid tri 128 bit ddu ra. Trong thdi gian dén nam
2000 véan chua biét duge kha ning tao ra tin tic ddy du ciing nh gid tri khéi ddu (IV)
clia MDS mot cdch phit hop. Tuy nhién, céch 14n cong c6 vé din dén ket qua t6t hon.

Nhur vy, theo quan di€m thdm ma MD5 cho dén nay cén phai cho ring dé bi tén thuong.
Ngoai ra, v6i kha nang thir chon tat ca cic phuong 4n dé tdn cong MDS3, doi hoi céng sic ti l&
v6i 2%, D€ tang thém do an toan coa thudt todn ham bam, ¢6 thé chon gid tri profil dai hon, c6
hai thuat todn ham bam khac 12 SHA-1 va RIPEMD - 160 dé di theo phuong huéng nay.
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CHUONG 5
TiN HIEU VA PHO

Chuong 5 cung cdp cho chiing ta mot cong cy quan trong dé phan tich tin hi¢u, d6 la khi bist
biéu dién cia tin hiéu trong mién thoi gian, thudng ky hiew 1a s(t) (hodc w(t), hoic x(t),..., thy
hoan cénh), ¢6 thé xdc dinh dwge bidu dién cia tin hiéu trong mién 1dn s6, thuomg ky hiéu Ia S(f)
(hode W(f), hodc X(f),...) tuong tmg, duoc goi 1 pho tdn 56 clia tin hiéu. Nhimg kién thic thu
nhn duoc tir chuong 5 duge sir dung 13m co s& cho hang loat cdc van dé vé xir Iy tin hiéu trong
thuc ti€n k§ thuat. Trong chuong nay, ching ta s& 14n lugt nghién ciu cdc van dé sau:

- Phan tich tin hiéu thanh chudi Fourier;
- Bién d6i Fourier cho c4c tin hiéu t6n tai trong khodng thoi gian hitu han. Cing véi chiing,
chiing ta s& nghién ciru so luge vé bi€n déi Fourier rosi rac, bi€n déi cosine rdi rac ;
- Bién d6i Wierner- Khintchine cho céc tin hi¢u ngdu nhién dimg.
Truée hét ching ta nghién citu so luge vé phan loai tin hiu trong c4c hé théng truyén tin.
1. PHAN LOAI TiN HIEU

Tin tic truyén lan trong céc he thong truyén tin duge biéu thi dudi dang c4c tin hiéu dién (dong
dién, dién 4p), hodc séng dién ti,

Dinh nghia: tin hiéu thuc lé mot dai litong vdt Iy bién thién theo thoi gian t, chita dung thong
tin (tin tic). Tin hidu c6 chicc ndng truyén thong tin (tin titc) tir diém nguon dén diém nguoi sir
dung.

Khi néi tfn hiéu thue 12 mot dai lugng vat 1y, chiing ta ¢6 cdc ham ¥ sau:

- Tin hiéu chi tn tai trong khoang thdsi gian hitu han;

- Tin hi¢u c6 ndng luong hifu han, ¢6 phé tin s6 hiru han;

- Dang s6ng cta tin hiéu khong t6n tai cdc dang v6 han (theo nghia hodc cic gid tri dinh cha tin
hiéu, hodc dao ham theo thai gian cia dang séng tin hiéu phéi hiru han).

Diéu kién tha nhst va thit hai dugc chép nhdn mét cdch ty nhien, vi moi nguén sinh tin hiéu
thire déu ty nhién c6 cdc han ché nay. Con didu ki¢n cudi cling 12 hau qua cia hai diéu kién trén,
khi xem xét theo quan diém to4n hoc.

Cdc mo hinh todn hoc cha tin hi¢u ma ching ta khéo sdt sau nay thudng vi pham mot vai didu
qui dinh & trén, vi 1§ do d€ don gian trong phan tich ching. Vi th€ cdc két qua nhan duoc chi Ia
gin ding véi thuc tién.

- Khi nghién cttu tin hiéu thyc, hodic mé hinh todn hoc cia tin hiéu thue, chiing ta thudmg phan
loai ching thanh timg cap sau day:
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a). Tin hiéu twong tu va tin hiéu s6

- Tin hiéu tuong ty (analogue signal) 1a tin hiéu ma tap cac gid tri xdc dinh ching 1 v han
khong dém duge. Tin hi¢u tuong ty 1a mot ham lien tuc va hitu han theo thoi gian, hoic lién tyc
timg doan. D4 thi bidu dién tin hiéu tuong ty theo thdi gian c¢6 dang chung nhu hinh 3.1a). Cic
hé théng truyén tin chi gia cong va truyén tin hi¢u tuong ty duge goi 1a h¢ théng truyén tin wong
w (analogue communication system). Day 1a cdc h¢ thong truyén tin duge phat trién va sir dung
s6ém nhat trong céc hé théng truyén tin dién tir. Ngay nay ching van ti€p e duge khai thac, sit
dung.

- Tin hiéu s6 (digital signal) 1a tin hiéu, ma tap cdc gid tri xac dinh ching chi la hai, duge goi
12 muc logic 1 va mic logic 0. Gid tri cy thé clia mic logic 1 va muic logic 0 thy thudc vao chudn
quy dinh chiing, chéng han, theo chudn TTL (Tranzito Tranzito Logic ) thi muifc logic | ¢6 gid tri
1a +5 von, con mitc logic O ¢6 gid tri 1a O von, cdn & cong ddu ra ndi ti€p cua cdc mdy tinh cd
nhan thi mic logic 1 c6 gid tri 1a —10 von, con mic logic 0 ¢6 gid tri 1a +10 von. D4 thi biéu
dién tin hiéu s6 (M6 hinh todn hoc cia tin hiéu sé thue) theo thdi gian cd dang chung nhit hinh
5.1b). Hon nita, tin hién s6 ¢6 thé biéu dién & dang don cuc, nhi hinh 5.1b1), hodc dang ludng
cyc, nhr hinh 5.1b2).

Cic hé thong truyén tin cd gia cong va truyén tin hiéu s6'thi duge goi 1a he théng truyén tin s¢
(digital communication system). Tuy nhién, bén chét cla cdc ngudn tin trong ty nhién (nhu hinh
anh, tiéng néi, am nhac) déu & dang tuong t, ngudn tin 6 1a do con ngudi 130 ra, va sau phép
diéu ch€ moi tin hidu déu 1a tin hidu tuong ty. Vi vay, moi h¢ théng truyén tin duoc goi Ja he
th6ng truyén tin s6 thi & cac khdi ddu vao va ddu ra déu thyc hién gia cong, truyén tin hiéu tvong
ty. C6 thé trong mot thiét bi ddu cu6i nhu mdy vi tinh, ching ta chi thdy ¢6 tin higu 88, tuy
nhién, dé truyén di xa, tin hiéu s6 déu phai diéu ché, titc 1a phép bién déi dic biét tir tin hiéu 56
thanh tin hiéu tuong tu.

He th6ng truyén tin s& ¢6 uu diém dic biét so v6i h¢ thng truyén tin tuong ty, nhd phép tdi
sinh cdc ky hiéu (symbols) tai cdc ndt mang trung gian va dau cubi. 0’ mébi 1an tdi sinh cdc ky
hiéu, nhidu dugc loai bd hoin toan (& cdc hé thong truyén tin tuong ty ndng lugng clia nhiéu
duge tich liy). Vi vay, véi hé théng truyén tin s6 nang luong ciia nhiéu khong c¢6 kha nang tich
1iiy, cho nén ti s& (tin hiéu/nhiéu) ludn c6 diéu ki¢n cai thién. Hon nifa, & he théng truyén tin sd
cdn c6 khé nang sir dung mi chong nhiéu, va nhiéu hinh thic gia cong dac th khdc (ching han,
céc hinh thiic diéu ché s6), cho nén chat luong tin hiéu ludn vuot trdi hon so véi he théng truyén
tin twong tu.

232



Chwong 5: Tin hiéu va phé

S(1)

s(t)

N

b1). Dang don cuc cha tin hiéu s6
(1)

-

110 01111

a).Tin hiéu tuong tu

b2). Dang ludng cuc clia tin hidu s6

Hinh 5.1. D6 thi bién dién tin hiéu tuong tu a) va tin hiéu s6 b).

b). Tin hi¢u bang co s¢ va tin hi¢u bang thong (ddi thong)
- T'in hi¢u bdng co sd (base band signal) 1a tin hiée ma phé tdn s6 clia né chi tap trung chil yéu
quanh tdn s6 bing 0, va khong déng ké tai cc tin s6 con lai, tac [ khoang phd tdn s& cha né c6
dang 0< f=F_ . trong d6 F,,, la mot gid i hifu han nao d6. Chiing han, quy u6c khoang
phg tin hiéu thoai: f = (300 = 3400) Hz; khoang ph8 tin hiéu audio: f =(20+20.000) Hz ; khoang
phd tin hiéu hinh anh: f =(0 + 4,5) MHz . Hinh anh dién hinh vé phd tdn s6 cla tin hiéu bang co
s& duoge biéu dién trén hinh 5.2a).

Tin hi¢u bang co s& c6 thé 1a tin hiéu tuong ty, c6 thé I tin hiéu so,
- Tin hiéu ddi thong (bandpass signal) 14 tin hiéu ma phd tdn s6 cla n6 tap trung quanh mot tin
s6 séng mang f, n2o d6, va khong déng k¢ tai céc tdn s6 con lai,. Dang phd tdn s6 dién hinh cha
tin hi¢u dii thong duoe biéu dién trén hinh 5.2b).

Bién do Bién d6
f f
0 Fmax max C f-*':l:“max
a).Phé bién do- tdn s¢ b).Phd bién do- tin s6
cla tin hiéu bing co s¢ cua tin hi¢u dai thong

Hinh 5.2. Dang phd bién d¢ - a) tdn sd dién hinh cia tin hicu bing co s
b) ciia tin hiéu dai thong.
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Tin hiéu bang co s& sau khi diéu ché sé trd thanh tin hieu dai thong (van dé diéu ch€ tin hiéu
s& nghién citu trong chuong 6). Cin ché ¥ ring tin higu dai théng ludn ludn la tin hieu tuong .
¢). Tin hiéu tién dinh va tin hiéu ngdu nhién
- Tin hiéu tién dinh 1a tin hiéu ma quy luat bién thién ciia né theo thdi gian duge dinh trude (bt
trudc). Cdc mo hinh todn hoc cia tin hiéu ma ching ta xem xét sau nay thudc dang tin hi¢u tién
dinh.

- Tin hiéu ngdu nhién 13 tin hiéu ma quy luat bi¢n thién clia né theo thoi gian c6 dic tinh ngiu
nhién, khong dugce dinh trude (khong bigt trude).

Khi nghién ctu tin hiéu ngau nhién, thudng k¢ hieu 1a X, (r), hoac don gian X(1), trong dé
oe 12 tap cha cdc bi&n thir, con t € T 12 tap cla cdc bi€n thai gian.

Khi c6 dinh bién thit, titc cho @ = @, - mot bién thir cu thé nao d6, thi X, () = x(¢), trong
dé x(t) goi 12 mot thé hién, hodc mot quy dao ctia X(t).

Khi ¢ dinh bién thoi gian, tifc cho 7 =, thi X(t} - X(t,), thl X(t,) 12 mét bién ngdu nhién
(BNN). Ly thuyé&t vé tin hiéu ngiu nhién 1a phifc tap, doc gid cdn nghién ciu them & céc tai lieu
chuyén khao vé qué trinh ngau nhién (QTNN).

Theo 1§ thuyét thong tin (xem chuong 1) thi thong tin duge sinh ra theo ban chit ngdu nhién,
ma tin hién 1a dai lugng chifa dung thong tin, vi th€ moi tin hieu thyc (tin hieu ctia cdc hé thong
truyén tin) déu 13 tin hieu ngiu nhién, nhung cling phai nhd ring tham s6 nao cia tin hi¢u chira
dung théng tin, thi tham s¢ dé mang bin chdt ngdu nhién, con cdc tham s khic & dang tién
dinh, dc biét tAn s6 séng mang luon luon 12 dai lugng tién dinh.

d). Tin hi¢u c6 chu ky va tin hiéu khéng chu ky

- Tin hiéu cé chu ky (cdn goi 12 tin hiéu tuén hoan) 14 tin hieu ma gid tri bien do cua né lap lai
sau nhilng khoang thoi gian ¢8 dinh. Khoéng thdi gian ngan nhat dé gid tri cla bien do tn hiéu
1ap lai duge goi la chu ky T. Véi tin higu ¢6 chu kY, thudmg viét: s5(t) =s(t + nT), trong dé n
=0, 1, £2,...

Tin hiéu ¢6 chu k¥ 14 mé hink todn hoc cia tin hiéu thic, n6 ¢6 niang lugng Ién vo cing,
nhung cong suat trung binh P trong toan khoang thdi gian vo han cling bing cong suat trung
binh trong mot chu k¥ va 1a hifu han, vi:

1 +a0 1 +T /2
P = lim — {s?()adt== Isz(r)dt <o 5.1)
T,ooT, ° TWT:’2

Vi thé tin hieu c6 chu k¥ cdn goi 12 tin hi¢u cOng suat.
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- Tin higu khéng chu ky, chiing ta han ché chi dé cap t6i dang c6 khodng thoi gian t6n tai hitu
han, con goi 12 tin hiéu nang lugng. Vi ning luong cua tin hi¢u ¢6 khodng thoi gian ©6n tai hitu
han 1a xdc dinh (14t nhién céc gi4 tri dinh cha cdc tin hi¢u loai nay ciing phai hiru han), béi vi:

th
E= jsz(r)dl < 00 (5.2)

fa
trong d6 (ta, tb) - khoang thdi gian tén tai cia tin hieu.

Chiing 1a thdy ring mot tin hiéu dugc phén loai 12 mot trong hai kiéu nay thi né khong thé 1a
kiéu kia. Nghia 13, néu s(t) ¢o nang lugng hitu han, thi cong sust trung binh trén khoang thoi
gian vo han phéi bang khong, con néu c6 céng sudt trung binh trén Khoang thovi gian vo han 1
hitu han, thi nang lugng 13 vo han.

2. PHAN TiCH TiN HIEU THANH CHUGI FOURIER

Chudi Fourier 1a chudi cic ham diéu hda (ham sine, ham cosine) va 12 mot trudng hop cu thé
dién hinh cta chudi triuc giao. Trudc khi xem xét cdc ing dung chudi Fourier, chiing ta hiy tim
hi€u 5o bo vé cdc ham trye giao va cdc chudi trirc giao (ddc gia mudn tim hi€u k¥ hon vé céc vin
dé nay c6 thé tham khao cdc tai liéu khéc, ching han, [11]).

2.1. Cdc ham truc giao
Dinh nghia: Cic ham w,(f) va ¥, () duge goi la cdc ham truc giao vOi nhau trong khoang

a <t <b, n€u chiing thoa min didu kién:

j‘ Oviodi=1" T ks (5.3)
J ¥n Y m - Kn n=m - atm .
(dau * chi todn tir lién hop phiic)
0 nem )
trong d6 : O = ) - goi la ham delta Kronecker
n=m

Néu 14t cd céc K, =/ thi cdc ham y,, () va w,, () duoe goi I rrue chudh.
Cong thiic (5.3) ding d€ kiém tra cip him xem chiing ¢6 trye giao v6i nhau hay khong. Sau day
chiing xét cc thi du thudng gap nhat:
Thi du: xét cdc cap ham sinnot, sinmot va cdp ham cosnwt, cosmot. Ching ta s& kiém tra diéu
kién tryc giao cha chiing trong khoang thai gian mot chu ky, tikc 12 khoang b=a + T, trong d6
T=2=/w, v6i n, m 12 céc s6 nguyén. Hon nifa, cdc ham nay 1a ham thuc (khong phai ham phiic).

a+T
). Chiing ta cén chiing minh khin = m, thi ~[sin nersin mordt = 0.

4]
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. . . 1
Thuc vay, ching ta ¢§: sinnot X sinmaot =5 [cos(n-m)wt — cos(n+mjwt],

a+T i
f Sleostr—myar — cosn + myarp = - _ sin(r + mjor

T 1 [sin(n - myot
2

a+T
a

21 {[ sin(n —m)w(a+T)—sin(n— m)a)a] _ [sin(n +m)a(a+T)—sin(n+m)wa }}

: (n—muw a (n+mo

T2 (n—mw (n+m)a

Bi¢n déi cdc biéu thiic trong [.], ta dugc:
sin(n £ myw(a + T) = [sin(n £ m)wa x cos(n £ m)2x ]+ [cos(n £ m)wax sin(n £ m)2x]
Vi cos(nt mj2zr =[, cdn sin(nt mj2zx =0, cho nén céc s¢ hang trong [.] ¢6
dang: [sin(n + m)wa—sin(n t m)a)a] = (}. Cuéi cling ching ta di chimg minh dugc diéu mong

mudén.

1
Khi n = m # 0, ching ta c6: sinnot x sinmot =—i [1-cos2nwt]. Tiép tuc chiing ta xdc dinh

duoc:
a+T .
a+T a+T
jl[l—cosznwr]dr=lr _ 1 sin2not _Lr_o=lir
; 2 2 a 2 2nw a 2 2
v _
a+T
sin 2nwt =sin2nw(a+T)-sin2noa =
a

sin 2nea x cos 2n2x —cos 2nwa X sin 2n2x
—sin2nwa = 0 (trong d6 cos2n2x =1,¢dn sin2n2z = 0)

Chiing ta xét trudng hop dac biét, khi n = 0, lic d6 cén tinh gidi han:

!

. | 1sin2nwt . sin2nwgxcos2n2a  cos2nwaxsin2nlx
lim| ——— | = lim[, -

n—0 5 2nw

n—0 2now 2nw

_ lim[a sin2nwa __sin 2n2::] _ %(a -7

n—0 2nwa 2n2m

urc 1a Ko =(T ~ —;—a) , cdn phu thudc ca vao diém d4u 14y tich phan. Tuy nhién, trong thuc tién

ta thudng chon diém d4u 14y tich phan 12 g6c toa do, téc la a =0, khidé Ko =T
Mot diém dau khéc dé 14y tich phan ciing thudng chon 1a a = - T/2, khi 4y diém cubi 14y tich
phan b = +T/2. Chiing ta x4c dinh gi4 trj tich phan, khi n = m #0, nhu sau:
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T/2

1 1,7/2 1sin2nae| T/2 1 1 sinm2r +sinn2zr 1
I—-[l-—coszr!a)l]df————f’ —_——— =—T-— =T
a2 2 -T/2 2 2nw |-T/2 2 2 2nw 2
T2 1, T/2 1 sin2net| T/2
Khin=m=0— I —[l—cos2na)t]dl=—t‘ - lim ————— =
_m2 2 =T/2 02 20w |-T/2
K&t qua chung, chiing ta cé:
g+ T 0 n#m # 0
Isin notsmmotdt =< T n=m=0 g=0 (5.4)
a =T n=m #0
2

Sur dung k&t qua (5.4), ching ta thdy khi n = m = 0,c6 K, = ET. béi vai tat ca gid i

nguyénn=m = 0cé K, # I, cho nén cic him sinnat khong tryc chu#n, nhung truc giao (trirn =

m = 0, khi chon diém d4u Iy tich phan a = T/2). Mu6n cdc ham sinnet td thanh cdc ham tryc

L] ] 1
chuln, cin chudn héa bién do cia chiing theo /K n = 1#5 T.

b). i v6i cdp ham cosnwt, cosmat doc gia c6 ty chimg minh d€ nhan dugc ket qua tuong ty:

)
0 n#Em
a+T T
_[cosnw! cosmatdi=x T n=m=0 a=0,-} (5.4a)
a 1 2
—T n=mz0
(2 J
2.2. Cdc chudi truc giao

Gid sir s(t) bidu dién mot dang sdng thue nao d6, wan this cic diéu kién xét & tiét 1, hoac mot
dang song la mé hinh toén hoc ciia mot dang séng thuc, khong cén thiét phai tuan thi diy da
céc diéu kién cia dang séng thuc, nhung dé cdc tich phan ma ching xét sau nay héi tu, né vin
cin mot didu kién 1a céc gid tri dinh phai hifu han, tic 13 phai théa man diéu kisn Direchler
(khong cé cdc gidn doan logi 2, s6 hugng gidn doan logi 1 la hitu han). Chling ta mu6n biéu dién
chudi cha s(t) trén khoang a < t < b, Khj d6 chiing ta c6 thé bi€u dién thanh chudi cdc ham truc
giao, nh& sit dung dinh 1y sau:

Dinh ly: dang séng s(t) c6 thé duge biéu dién trong khodng (a, b) bang chudi cdc ham tryc giao:
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s =D aw, () (5.5)
n
trong d6 cic hé s6 truc giao duoc xdc dinh boi:
1 b .
a, = X s(t).4 , (F)dt (5.6)
foa

voi chi s6 n 14y cdc gid tri nguyén.

Chitng minh: Gia thir 7, (£) 12 tap tryc giao ddy du d€ bicu dién dang séng. Khi dé dé (5.9
diing, ching ta chi cin chimg minh ring @, ¢6 thé tinh bing (5.6). Thyc vay, chiing ta nhan hai
vé€ ciia (5.5) v6i i, (1) , rdi 1y tich phan trong khoang (a,b) dwoc:

b

b
fstwnar = I[Zanmm}v; (1)at

a

b
=S a, fyawnd =Y ,a,K.8, = a,K,
n a n '

Chuing ta giai thich két qua trén nhur sau: s6 hang ddu tién trong chubi cdc ham & trén chi nhan
gi tri m = n, cho nén s6 hang cudi thit hai c@ing chi nhn gid tri m = n, vi thé€ ching ta cé két
qua cu6i cing. K&t qua trén da chitng minh cong thic (5.6) la ding.

Tap ham 7, (f) 1a tap truc giao ddy di, néu né cb thé dung dé bifu dién dang song s(t) véi sai
s6 nhd iy ¥. Céc ham mil phifc, cdc ham di¢u hda, cdc ham Bessel, cac da thitc Legendre, cdc
ham sinx/x 1a cc tap ham tryc giao ddy du.

Khi cdc ham y,,{#) Ia thue, chiing ta c6 cong thic (5.6) vGi dang mdi nhu sau:

b
a, = KL,,, i;[s(r).t;/,, (t)dt (5.6a)

2.3. Phén tich tin hiéu tudn hoan thanh chudi Fourier

Biéu dién bing chudi cdc ham tryc giao theo cong thifc (5.5) c6 thé sir dung cho dang s6ng cha
tin hiéu thyc, hosic dang séng mo hinh todn hoc clia tin hi¢u thuc. Tuy nhién, hay sit dung nhat
cho cdc dang song ¢6 tinh tudn hoan.

Xét tin hieu tudn hoan s(1), thda muin diéu kién Direchlet. Biéu dién chudi Fourier ctia s(t) trong

khoang mot chu ky T, ¢6 dang:

()= Z(an cosnat + b, sin not) (5.7)
n=0
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trong dd cdc hé s6 clia chudi true giao duge x4c djnh theo cong thitc (5.6a) va hé 56 K, dugc xic
dinh theo cong thic (5.4) va (5.4a), véi diém diu 1dy tich phan bang 0, c6 dang:

7
T s(t)drt n=0
a, = 7 6 (5.8a)
— Is(r) cosnwidt n=>1
T
0
T
b, =% Is(t) sinnatdt n>1 (5.8b)
0

Tuy nhien, theo truyén théng chudi Fourier ciia tin hi¢u s(1) thudmg bidu dién dusi dang tich
riéng hé s6 a, ra ngoai nhu sau;

s(t) = '_02£ + Z (a, cosner + b, sinnat) = Cy + iCh cos(nawt + 8,) (5.7
n=| n=l

khi d6 cédc he s6 coa chudi duge xdc dinh:

2 ' 2 2
a, =—f6[s(r)cosna)tdl C, =+ja; +b]
9

va b (5.8¢c)
6, = arctg -
a

n

b, = 2 _[s(t) sin netdt
T a

V1 cdc ham diéu hda nay tudn hoan véi chu k¥ T, nén chudi (5.7) tudn hoan véi chu ky T,
cho nén s(t) ciing tudn hoan véi chu ky T, uic 12 chudi biéu dién s(t) trén toan bd truc thuc
(0 <t < ).

Chiing ta ¢6 mot vai nhan xét vé cdc ket qua biéu dién trong cdc cong thitc (5.7a) va (5.8¢):

- C6 thé xem mot tin hiev s(t) tudn hoan nhu t8ng clia vo 56 céc thanh phén diéu hda véi tdn s6
khdc nhau va bién d6 khéc nhan. Méi thanh phédn duogc goi 13 mor hai. Hai bic n = 0, ¢6 bién do

C,,con tdn s6 f = 0, o1 1a thanh phdn mot chidu. Haj bac n = {, ¢6 bién do C,, con tdn 56

fi= —?: » 801 12 hai co ban. Céc hai tuong tng véi n > 2, goi 1a hai béc cao. N6i chung, bien do

clia cc hai bac cang cao cang giam ddn. Vi thé, néu cho trudc sai s6, todn hoc dd ching minh
chudi Fourier c6 thé cit cut dén thanh phén the n thich hop, tifc I3;

ay < .
s(0) =+ (a, cosnax + b, sinnar)
n=1

- Sy phu thugc clia C, - bien dé céc hai (v6in=0,1,2,..) viio t4n s§ goi I phd bién do - t4n s6;

con sy phy thudc clia G, - pha ddu cic hai, vio tin s& goi 14 phé pha - tdn s6.
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- Dé giam bét kh6i lugng tinh todn céc he s6 theo cong thic (5.8¢), chiing ta c6 nhan xét sau:

s Né&u s(t) 12 ham chin ca t (ham chén cd dic diém: n&u thay t — —t, thi ham khong déi ddu,
tie 1 s(~t) = s(t); d6 thi clia ham chin d6i xing qua truc dimg), thi he s& b, = 0, vi tich cia mot
ham chin v&i mot ham 1& 12 mot ham 1&, ma tich phén ciia mot ham 1¢ trong mot chu k¥ s& bang
0. Vi thé trong truong hop nay chi c6 cc h¢ sé a, = 0.

e Néu s(t) 1a ham 1€ cha t (ham 1€ c6 dic diém: néu thay t —» -, thi ham déi ddu, tic la s(-t) =
— s(t); d6 thi cha ham 1é d6i ximg qua gbc toa do), thi he 56 @, = 0, vi tich clia mot ham l¢ véi
mot ham chén 12 mot ham 1&, ma tich phan cia mot ham ié trong mot chu k¥ s& bang 0. Vi thé
trong trudng hop nay chi c6 cdc he s6 b, = 0.

« D&i vdi cdc dang séng tudn hodn, trong todn hoc con ¢ thém ba trudng hop nita, d€ giam khoi
luong tinh cdc hé s6 cia chudi Fourier, ching ta s& bét gap chiing khi gidi cdc bai tap.

Sau day ching ta xét mot vi thi dy vé phén tich tin hi¢u tudn hoan thanh chudi Fourier.

Thi du : Cho s(t) 13 chudi xung vuong tudn hoan, c6 dé thi nhu hinh 5.3. Cac xung c6 bién do A
(vom), d6 rong T (usec), chu k¥ T (usec). Xdc dinh chudi Fourier cua s(t).

Trong chu k¥ ddu tién, s(1) ¢d dang:

-
-

A ——<t<+—
s(f) = 72 2 (trong trudng hop nay, chu ky T duge bét ddu tir diém - 1/2)
0 + -2— <t<T-1

s(t)

1201 T

H Ty

Hinh 5.3. D6 thi cda chudi xung vuéng tuin hoan.

Pé xic dinh chudi Fourier, chiing ta st dung dang (5.7a) véi cdc hé s8 xdc dinh theo (5.8c) va
chii ¥ s(t) 12 ham chédn neén hé s6 b, = 0. Két qua dugc:

ri2 rf2 T
4 At|—

ag=2><z js(r)df=ij =y ="
Ty Ty T o
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/2 472 _
=2X— I s{t)cosnawtdt = — I Acosnotdt = 2A‘T stnnwr /2
0 T T nwr/2

Dua céc he s6 nay vao cong thitc (5.7a) xdc dinh duge chudi Fourier:

s(:)~—+Z(

2 /2 S |
AT sinnor x cosnat) =C, + ch x cos(nawt) (5.9}

n=l

nwr/2

Khi nghién ctu cic chudi Fourier ngudi ta thudng khao sit sir phu ctia bién do cac hai vao tdn
s6 va vé& thanh d6 thi va goi 12 phd bién do — tén s6. Clin g vGi nd, ngudi ta cling thuong khio sdt
su phu cta pha ddu cdc hai vao tdn s6 va vé thanh dé thi va goi 1a phd pha ~ tdn s¢. Chiing ta
khao sdt cc sy phu ndy, khi can ot vao biéu thie (5.9), véi cdc gid tri cu thé A = lvon, T =

lusec, T = Spsec.

A . e e
Chiing ta dat: C, = ?T » £0i la bien 46 thanh phdn mot chiéu clia s(t). Gid trj cho truomg hop

s
cuthé nay 1a: C, = Ji—l_%—— = lvOn;
5.10 5
c o 24rsinnor/ 2 goi Ia bien do hai thit n cia S(t). Véi thay the o = 27
T not/2 T
i /5
ching ta duge: C, =%-£§}w-—
T nrl5
2
-V6in=1,ching tacé: C, = smm’S,
!5
2r/
- Véin =2, ching ta cé: C, 251_11“7_:__5.
5 2x/5
3z/
-Véin=3,chingtacé: C, = _2Zsin3z/3
5 3x/5
_2sindx/5
-Véin=4,chingtacé: C, =———=;
T e G e = T TS
inSz/
- V6in=3, ching ta cé: C, =Esn_n_£_5=
5 5x/5

Tén s6 twong {mg clia cdc hai duge xde dinh: £, = nfy, v6i f, = YT = 1/5.10% = 0,2MHz, sau

nay chiing ta ky hiéu f = f; cho tién.
1 3 - L - - i
Tit cdc két qua trén, ching ta nh4n thay véi ti s6 % = g, bién d§ cac hai vdi chi s6 13 boi cla

5 s& bang 0, tiic 1a:Cs =€)y = C)5 =...= 0. Didu ndy tuong \ng véi cdc nghiem ciia phuong

241



Co s& 1§ thuyét truyén tin

trinh ham sin(.) trén tlt s6 clia C,bang 0, wic 13: sin n27fr /2 = 0. Céc nghiém nay phil hop véi
L k ) . sinn2aft/2
cdctdnsd f, =—,vdik=1.2,.... Chingtalaicé: lim sinn2rfz/2 =1
T f-0 nm2afr/2
Vi tit ca cac tinh toan & trén, chiing ta ¢6 thé vé dugc d6 thi phd bién d¢ — 1dn s6 nhu hinh

5.4. Hon nita, d6 thi chi v& mot nira vdi f = 0, nira kia 1a d6i xing qua truc dimg.

2/5 El e
T

& | Thoc
|

Hinh 5.4. D6 thi phé bién d¢ - tin sé cta chudi xung vuodng tuan hoan

T 1
vaitiséd —=—).
( T 5)

Tir hinh 5.4, chuing ta thdy ring phé bién d6 — tdn s6 clia chudi xung vuong tudn hoan 1a phé
r&i rac (ph6 vach). Hon nita, c6.vé han thanh phdn tdn s6, nhung bién do cita ching gidm ddn.
Sur ¢6 mit ciia vo han thanh phédn tdn s& dugc giai thich 1a do cdc xung c6 swon doc dimg
0]

dt

= o0 tai céc thdi diém cla sudn xung). Vi cdc dang tin hi¢u thyc, cdc sudn xung ¢6 do

déc hitu han, nén bién do cila cde hai bdc cao gidm rdt nhanh. V1 thé, c6 thé cho ring phd cha
chiing 14 hiru han.
& Chiing ta xét mot truong hop dédc biét, khi cho céc gidi han: do rong cdc xung T — 0, cdn bién

d6 cta ching A— .
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0
t
— _— —
a) .
TBlén do
f
T f oA, 3f
b) ‘

Hinh 5.5. a) D6 thi chudi xung 5(¢) b) phé bién do-tin s6 ciia né.

Khi d6 chudi xung vuéng s() s& ti€n dén chudi xung &), goi 1a chudi xung delta-Dirac. Todn

+a0
hoc dinh nghia xung §(r) duéi dang Ié‘(r)dr =1. D& thi chudi xung delta-Dirac va phd bien

e
d¢-tdn 56 né duoc vE trén hinh 5.5. Ching ta sit dung cdc mili tén dé dién ta cdc xung S(¢) va
cdc vach phé clia né. Céc ky hieu nay 4m chi chiéu cao ciia ching 13 vé han. Hai do6 thi nay rat
thuan loi dé gidi thich qué trinh Idy mdu cic tin hi¢u twong ty theo diéu kién clia dink 1y Nyquist.
Trong hinh 5.5 chiing ta cling sir dung c4c ky hieu T, dé chi chu k¥ cta chudi xung 14y miu,

1 etk
con f; =-— 12 tan s6 14y méu.
¥

Tir biéu thde (5.9), todn hoc ciing dinh nghia pha ddu cia cdc hdii, ky hieu 6, (f). O day
8,(f) =0 v6i moi gi tri clia chi s6 n.
2.4. Chudi Fourier phitc

Tir chudi Fourier & dang thyc, x4c dinh theo cong thitc (5.7), chiing ta c6 thé din ra chudi
Fourier phitc. Sir dung céc cong thic Ole:

1{; ; _ 1/ - .
cosnwt = E(e’”“” +eﬂm’) va Sinnot = —zlm_(e’"“” —e ’"ﬂ”)

Pua tdt ca cdc cong thic nay vao (5.7), chting ta cé:
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s a]
; ; b : )
s(f)y= Z[fﬁ(emm: e )__f_ﬂ(emwt _ ey
-0 2 2

n=0 2 2 2 2

] a b
Chiing ta dat: ¢y =| —=—i=2 véin >0
2 2
a b
c_, = AN g viin<0 (5.10a)
2 2
C.O = ao véin=0

Pua cdc cong thitc & (5.10a) vao cong thirc trén, chiing ta nhan duge:

o0 )
sy = D ¢e™ (5.10b)

H=—

Cong thitc (5.10b) goi 1a cong thifc Fourter phic, véi cdc hé s6 phitc ¢, dugc xdc dinh theo

cong thic:
T _ 5 T12
bpn == Js(e™ = Is(t)dr (5.10¢)
T T
0 -T2

Cong thirc (5.10¢) c6 thé nhan duge tir cong thife (5.10a) véi cdc thay thé céc hé s6 cla chudi
Fourier x4c dinh tir cong thic (5.8¢). V6i chi s6 n = 0, he s6 cia chudi Fourier phifc, tinh theo

(5.10¢) phdi 14y bing %l . diéu nay suy ra tir cong thitc (5.8).

Céc hé s6 phitc ¢6 mot s6 tinh chat sau:
1. Né&u s(t) Ia thuc thi:

_.i
=C_p;

2. Né&u s(t) 13 thye va chan (s(—t) = s(t)) thi:
Im[¢é,, |=0;
3. Néu s(t) la thue va 1€ (s(—t) = —s(1)) thi:
Relé,,]=0.
Khi van dung chudi Fourier & dang thyc hay phic dé xdc dinh phé clia tin hi¢u s(t} déu phai

cho két qua nhw nhau. Dé chiing 16 khéng dinh nay, chiing ta khio sdt lai thi dy phan tich chudi
xung vudng tuén hoin thanh chudi Fourier & trén, nhumg sir dung céc cong thifc & dang phic.
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Sir dung cong thic (5.10c), chiing ta c6:

. /2
/2 ] —inat | ©
Gy =2x2 jA.e"”“"dr=ﬁe :
r_-, —inw /9

inwr/2 e—inwrm

14 Te _ 2A4rsinnwr/2
T 2 inmr/2 T »nor/2

Thay ket qua nay vao cong thifc (5.10b), chiing ta dugc:

= ]

2At sinnwr/2
sr - xe”‘l&){
@) z T not/?2

n=—00
2 - 1 1 .
Dé chuyén sang dang thirc, ching ta thay thé: ¢ = 5 (cosnwt +sin nex)

Khi chi s& n 1uét tir —o dé&n +oo (trir n = 0), céc gid tri theo ham cosnot tang gap 2, vi cosnwt 12

ham chdn, con cdc gid tri theo ham sinnowt bj triét tiéu timg d6i mot, vi sinnet 13 ham 1€. Con khi

. 1 1 .
n=0,thi lime” = lim — cosnar = = . Cusi ciing, chiing ta duoc:
n—0 n—0 2

At & 2Arsinnewr/?2
Z X COS newt

s(ty=—+
" T T nor!2

n=—

K¢t qua nay hoan toan phil hop véi viéc x4c dinh chudi Fourier dudi dang thuc.
3. BIEN DOI FOURIER
3.1 Bién dot Fourier

Trong tiét 2, ching ta da nghién ctu van dé phan tich dang séng s(t) thanh chudi Fourier va
ngu ¥ ring cong cu ndy sir dung thusn tién nhét cho cc dang s6ng c6 chu ky. D6i véi cdc dang
séng khong chu k¥ (tin hieu thye, ciing nhir cdc mo6 hinh todn hoc ctra tin hi¢u thyc) s& gip cdc
khé khan trong thuc hanh I4y tich phan. Bién d8i Fourier (Fourier Transformation — FT) thich
hop sir dung cho cdc dang séng c6 théi gian tdn tai hivu han, v6i diéu kien:

fls@)dr <o (5.11)

~®

Y nghia hinh hoc ciia diéu kién (5.11) chi ra ring: di¢n tich cda dudng cong do ham du6i dfu
tich phan tao ra véi tryc thdi gian t phai hitu han, diéu dy 6 nghia Ia ham s(t) phi hitu han ca vé
thdi gian, ca vé bien d¢. Tuy nhién, diéu kién nay la di, nhung khong nhat thiet [a diéu kién cdn,
trong mot s8 trudmg diéu kién (5.11) bi vi pham, nhung vin xéc dinh dugc phé cita né, nhdr cde
thd thuat todn hoc.

Bi¢n déi Fourier clia dang séng s(t) duge dinh nghia theo cong thic sau:
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S(f) = FT[s(v)] = c]'[s(t)e“'l"f’ ]dt (5.12)

trong dé FT[.] — ky hiéu phép bign déi Fourier, tdn s6 f {Hz =1/sec] la tham s6 cua tich phan. S(f}
— goi 12 ham phd ciia dang séng s(t). Cong thirc (5.12) goi 14 phép bign déi Fourter thuan, tic [a
cho biét s(t) — kha tich, ¢6 thé x4c dinh dugc S(f).

N6i chung, vi e 27/ 1a 56 phiic, cho nén S(f) 1a ham phiic cla tn s6. S(f) ¢6 thé tach thanh

phén thire X{f), phin 3o Y(f), sao cho:

S =Xf) + 1 Y(f) (5.13)
Ciing c6 thé biéu dién S(f) dudi dang:
St =|SU]e£(9{f) (5.14)

trong dé: ‘S(f] = \/Xz(f) + Yz(f) - 1a modun cua S(f). Thit nguyén cta

S(f ] duge xdc
dinh nhu sau: vi df ¢6 thit nguyén thoi gian [sec], con s(t) gia thiét 1a dang séng thuc dién dp, cé

thit nguyén [von), con tich f.f khong ¢6 thit nguyén, cho nén |S ( I ] cé thit nguyén [vonx sec =

von/Hz). Vi thé, ‘S(f] - goi 1a ham mdt do phd bién d¢ dién dp, né dac trung cho cho sy phin
bo mat do bién do dién Ap theo tin s6.

Con B(f) = arcrg[:)\/%] - argumen cla S(f}, goi la phé argumen cﬁaiS(f] . 8(f)1a ham

khong thit nguyén.
N&u S(f) 13 ham kha tich (it khi gap), thi s& tén tai bi€n d6i Fourier nguoc, dudi dang:

sy = FT[S(H]= [1S(f)e /" Jar (5.15)

Nhu vay, néu s(r) vd S(f) déu 1a ham kha tich, chiing ta ¢6 m6i quan hé hai chiéu s(1} > S(f),
goi 1a cap bién d6i Fourier, trong d6 s(t) biéu dién dang séng trong mién thoi gian, con S(f )-
biéu dién trong mién tdn s6, goi 12 hAm mat do phd clia s(1).

3.2. Céc tinh chdt cia bién doi Fourier

Céc tinh todn s& thuan tién, néu ching ta xem xét k¥ cdc tinh chat ciia bi¢n ddi Fourier. Céc
tinh chat cha bi€n déi Fourier déu dugce dan ra tir cong thitc dinh nghia (5.12) va cong thic thay
the: ¢ 27 /1 = cos(2aft) - isin(2ft), nhu sau:

- Néu s(t) 1a ham thuc va chén, thi S{f) 12 ham thuc va chdn. Diéu nay duge gidi thich: tich
s(t).cos(2nft) 1d ham chén, con tich s(t).sin(2xft) 12 ham 1€, ma tich phan clia ham chén trong

toan khoang 12 ham chén, con tich phan clia ham 1€ trong toan khoang s€ bang khong;
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- Néu s(t) 1a ham thyc va 1€, thi S() 1 ham 18 vi thudn 0. Didu ndy cling giai thich tuong tur
nhir trén;

- Néu s(1) 1a ham thyc, thi |S(£) 12 ham chén, cén ()12 ham 1é. Diéu ndy ¢6 duge, néu cé
thé chimg minh:

SG-1)=8"(f) (5.16)
trong dé dau( * ) chi todn tir lien hgp phitc. Thue vay, tir (5.12) chiing ta cé:

S(-f)= ?[s(:).e””f ’ ]dr

1dy lien hop phic cé hai v€, ching ta ¢6:
o) . * [+ 4] .
S* (- = j[s(:).e*szf ‘] dt = J’[s‘(r).e“"”f ! ]dr

vi s(t) 1a ham thue, nén s* (¢) = s(¢) , cho nén chiing ta ¢é:

S*(=)=8(f) hay S(-£)=S"(f)

Tir day, hodc tir chinh cdc dinh nghia cia céc ham, chiing ta chimg minh duoc:
X(=f)=X(f)-ham chin ciia t4n s6 f:
Y(=f)=~Y(f)- ham I& clia tén s6 ;
|S(— f] = |S(f} - ham chén cla tdn s6 f;

G(— 1) =-6(f) - ham 1é cla t4n s6 f.
3.3. Cdc thi du don gidn
Trudc hét, trong muc ndy chiing ta khéo sdt cc thi du xdc dinh phé clia cdc dang séng (ham)
don gian. Két qua bi€n déi Fourier cha chiing s& dugc sit dung trong c4c myc sau.
a). Xdc dinh phd ciia mét xung vuéng don

Dang song s(f) 1a mét xung vudng don, c¢6 dé thi nhir hinh 5.6a). Bidu thifc gidi tich cua s(t)
duge x4c dinh:

s(t) = (5.17)

Khi nghién cifu cdc dang séng ki€u xung vuong don, c6 d6 thi nhu hinh 5.6a), ngudi ta thudmg

st dung ky hiéu H(%) v&i dinh nghia:
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i Msz
2

H[L] = (5.17a)
T
0 HEX

St dung cong thitc (5.12) cho biéu thic trén, chiing ta xdc dinh dugc:

+T/2 +T/
S(H= J {H[%}e_n”f‘}dr = Iﬁ.e”fz’rf‘]dt

-T/2 -T/2
, +T/2
—i2x ft :
-1 Y =T,4_S‘“(’;Tﬂ) (5.18)
1.7 _T/2 T

Si . ,
Pat Sa(.) =222 thi S(f)=T.Sa(#T). DS thi cha ham mat do phé bien do |Sa(f) duoc
X
biéu dién trén hinh 5.6b)

2 m[%] Sa(f} 431_7:,\']

b} "

B
t f o f

TR 0 T2 -2/T YT 0 T 2/T
Hinh 5.6. D6 thi dang séng xung vuéng don a) va ham mat do phé bién d6 cita né b).

o

Khi v& 46 thi clia ham |Sa(f} cdn cha y:

lim| S(f)| ——-limTﬂ;J;U‘:T vi Sa(f) = O tai cc tdn s6 duge xéc dinh theo:
7

[0 [0

sin{nf T)=0 —>f,,=% véin=tl], £2, £3,...

Véi ham mat do phd bién do nhu hinh 5.6a), ngudi ta ciing thudng dinh nghia bé rong phé
chinh cha tin hieu, ky hiéu B [Hz], 1a khoang tdn s6 f = (0 + 1/T), tiic 1a B = 1/T. Vi khoang tin
s6 nay, tin hi¢u chita khodng 90% nang lugng. Vi thé, ngudi ta ciing ¢6 thé chia ham phd cta tin
hiéu ra hai khoang: khoang tdn s6 thép (Low Frequency — LF), khodng tan s6 cao (Higth
Frequency — HF). Cic xir 1y tin hiéu s6 (phép nén chéing han) phdi quan tam dén sy toan ven
hinh dang tin hiéu trong khoang bé rong phé chinh.

b). Phé ciia xung suy gidm theo ham mii
Dang séng xung suy giam theo him mi, d thi biéu dién trén hinh 5.7a), ¢6

biéu thirc giai tich nhu sau:
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s(t) = (5.19a)
0 t<0

Phé ciia dang xung nay duoc xdc dinh theo (5.12):

o0 _ . 1
S(N=lele g~ 5.19b
) Oje e T (5.19b)
) b1) L SU)
a} ll _—H_f/ xh__h_q_““__—‘_ B f
K 0 i ’
| o)

Hinh 5.7. D6 thi dang song xung suy giam theo ham mii a) v ham mat do phé bién do
|S(f) b1), cing ham phé argumen 8(f) cita n6 b2).
Biéu dién S() duwdi dang: S(f) = X(f) + iY(f), chiing ta x4c dinh dugc:

N S __—2n
()= P ") 1+ (247 )

Bidu dién S(f) dui dang: S(f) = |S(f]e"‘9(f ), chiing ta xéc dinh duoc:

lS(f 1 va O(f) = —arctg(2nf)
(27!7" )?
d4 thi clia chiing duoc vé trén hinh 5.7b1) va hinh 5.7b2).
¢) Phé cua xung tam gide

f
Xung tam gidc, thuong ky higu A(}—) va duge dinh nghia:

1—H fi<T
T

A[i] = (5.20)
0 f|>T

D6 thi clia xung tam gidc duge biéu dién trén hinh 5.8a)
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Phé clia xung tam gidc c6 thé xdc dinh truc tiép theo (5.12):

s(f)= ?jil - g].e"“'“ dt

Tuy nhién, xung tam giac cé dang ham s& chan, cho nén:

S(f)=2x ?J‘[I - %J.cos(an t)dt = 2{fj‘cos(211:fr).dr - ?J(%cos(hrf t)}a‘t} =1,-1,

1] [

) T
/ _2x5m(211:fr) _0

;=
2
R f 0

Pé xdc dinh 1,, ching ta sir dung phuong phdp phan doan, dat:

u=to>du=dr;dv=cos(2nft) > v= Icos(2nft)dr = —&fnff—r)
2n

r T
va Iudv=u.v— vdu; kétqua [, =+2.-%x—————_——sm(2ﬂf‘) +2l_cos(211:fr)

2
2R f 0 T (2nf) 0
chiiy:  l—cos2n fT)=2.sin’(nfT)
Két qua, chiing ta c6:
.2
(7T) 2
SN =722 ) _7(sa) .21)

1)’

D6 thi hAm mat d6 phé bién do cla xung tam gidc duoc biéu dién irén hinh 5.8b)

) A [;_) b) ) /Jff"z(ﬁ
\\ B
T 0 T 2fT YT 0 1T 2T

Hinh 5.8. D thi xung tam gidc a) va ham mat dé pho bién d¢ cia né b).

B rong phé chinh cia tin hi¢u dang xung tam gidc, ky hi¢w B, ciing duge dinh nghia 12
khoang tdn s6 f= (0 + 1/T), e la B=I/T

Véi tin hiéu dang xung tam gidc, ching ta nhan thay sudn xung ciia né khong cé céc dot bién
dang vo cling, cho nén mat do bién d¢ clia cic thanh phdn tdn s suy gidm rit nhanh (ti 1¢ theo
binh phuong ciia f). Diéu nay cho chiing ta xem #in hiéu thic ¢6 ham phd hitu han.

K&t qua x4c dinh ham phd cla cdc dang séng khdc nhau duge trinh bay trong muc 3.3 nay déu
phan d4nh dung c4c tinh chat cha FT d3 nghién ciu & muc 3.2.
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3.4. Mét s6' dinh Iy cia bién doi Fourier

Mot s6 dinh 1y clia bién déi Fourier duoc trinh bay trong bang 5.1. T4t ¢ cdc dinh Iy nay doc

gid déu c6 thé ry chimg minh duva vao dinh nghia ciia FT. Hon nita FT 1 phép bién ddi tuyén

tinh.

Bang 5.1. Mot s6 dinh 1y ctia bién ddi Fourier

TS.?; Phép todn Ham Bién déi Fourier
1 Tuyén tinh as,(t) + bsJft) aS,(f) + bSAf)
2 | Tré thoi gian s(t-7) e x S(f)
3 | Thay déity l¢ s(at), a#0 1 S( S
la| " a
4 | Dich tan tin hiéu thuc s(¢).cos(w . + ) 17,6 -0
¢ —1e°S(f-f)+e™S(f+ £
Sl s —fore s+ 1)
5 | Dich tdn tin hiéu phite s(t).e'™ S(fF-£)
6 | Tin hieu thong dai Re[g(; ). ] 1 .
! =G -F)+G(~(f+ [
o - o+ 6+ 1)
7 | Pao ham theo't ds(f) 271.5(f)
dt
8 | Tich phan theo t “ 1 1
_[s(r)dr 2 SO+ 55(0)-5(f)
9 | Phép nhan S;(t) x 55(t) S{(N*S, ()
10 | Tich chap 5 (1) %5, (¢) S, (1= S$,()

Trong bang 5.1. thuat todn tich chap duge dinh nghia:

LO* L0 = [A0).fol-1)ds

trong dé t — tham s& ctia tich phan.
Hon nifa, n€u hai ham trong mién thoi gian c6 quan h¢ tich chap (ky hiu bing ddu *), thi
trong mién t4n s hai him phé ¢6 quan hé tich thudng, va nguge lai.

Quan hé tich chap rt thudmg xuyen dwoc sit dung d€ nghieén cttu mach loc. C6 thé xem mach
loc nhu mot mang bén cyc, ¢6 tin hieu ddu vao x(t), tin hieu ddu ra y(1), duge biéu dién trong
hinh 5.9a). Theo dinh 1y co ban clia mach loc, chiing ta cé:

y(t) = x(t) * h(z)

trong do h(t) - ddp ting xung ctta mach loc, né hoan toan xdc dinh cac dic tinh cta mach loc.

(5.22)
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~H(f)
1

(7 | Machloc [ ¥() £

— 5

a) by O F, '

Hinh 5.9. Mach loc nhir mét mang 4 cuc a), ham truyén dat H(f) ciia LPF Iy
tuong b).
Theo dinh 1y tich chap, thi FT coa (5.22) la:
Y()=X(fIxH(f) (5.22a)

trong dé ham truyén dat theo tdn s6 clta mach loc, né quan hé véi h(t) - ddp tng xung cia mach
loc theo FT, nic 1a:

H(f)= [nr)e ™/ ar

-
Gia sit mot mach loc thong thdp (Low Pass Filter - LPF) 1y tudng, ¢6 ham truyén dat nhu hinh
5.9b), trong d6 F. 1a tdn s6 cdt cha né. Néu tin hiéu ddu vao cé ham phd X(f) nhu hinh, ching
han, 5.6b}, hoac 5.8b), thi ham phé clia tin hiéu ddu ra ¥(f) c¢6 dang:

X(f) fsFE
Y(f)=
0 f>F,

Né&u chon thich hop méi quan hé giita b& rong phd chinh B ca tin hiéu ddu vio va tdn s6 cit
F,, thi ham phé ctia tin hiéu ddu ra Y(f) vin giit dugc nguyén ven thanh phdn phé chinh, khi dé
yéu cuchon F. = B.

3.5, Cdc thi du khdc

Trong muc nay, chiing ta din ra vai thi du vé van dung céc dinh 1§ da néu trong bang 5.1.

a). Phd ciia ham sine suy gidm theo ham mii

Xét ham sinwt suy giam theo ham mi. Biéu thitc cdia né cho béi:

e sinwgt t20,a>0
s() =
0 t<0

Khi x4c dinh ham phé ctia s(t) ching ta c6 thé tinh truc tiép theo dinh nghia ciia FT, hoac gidn
tiép khi sir dung hai dinh ly trong bang 5.1, d6 1a dinh 1y thay déi ty 1¢ va dinh 1y dich tdn tin
“higu thye, uic 1a:
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e t=0
T [ f o

ol
0 <0 ‘a‘ o a+i2af

Sir dung dinh 1y djch tdn tin hiéu thyc cho s(t), chiing ta duge:

S(f) = 2{em2 z +e7/? “
2 a+i2a(f - fy) a+i2z(f + f)

o 1 i
=§{a+i2n(f-f0) B a+f27r(f+f0)}

V1 s(t) 1a ham thye (khong chdn, hoic 1€), cho nén ham phé nay ¢6 dac diém:
- Phé médun 1a ham phé chén. D6 thi ctia n6 c6 ddng gidng hinh 5.7b1), nhung dich theo truc f
duong (va f am) mot khodng tdn s6 f = f; (va f = —f,):
- Phé argumen 1a ham phé 1. D6 thi cia né c6 ding gi6ng hinh 5.7b2), nhung dich theo truc £
duong (va f am) mot khoang tdn s6 f = f, ( va f = —f,).
b) Phé ciia chivm n xung vuong

Gia thir chiing ta ¢6 mot tin hiéu “gia chu kj”, dugc hinh thanh tir chim n xung vudng, d6 thj
clia n6 duge biéu dién trong hinh 5.10a).

/\S(t)

Al

T 1
—0

Hinh 5.10a). Do thi ciia chim n xung vuéng.
D¢ xéc dinh ham phé cia s(t), chiing ta sir dung dinh 1y xép chdng phé, tic 1a: néu goi ham
phé clia xung thit nh4t 1a S,(f), duge x4c dinh theo céng thic (5.18), thi ham phé cia xung thi 2,

thet 3,..., n, duge xdc dinh:

Sp(f)=e T xs1(f)
trong d6 T, - chu k¥ gid cha chitm xung.
Theo dinh 1y xép chéng phd, chiing ta x4c dinh dugc:

S =851(N+ 8 () +..+5,(/)

S f)[l e 27 N g2 | ei2nS Tv]
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Pay 1a téng chia cdp s6 nhan, v6i 56 hang thit nhat u, = 1, con cong boi q = PR AL Téng

cha cdp s& nhan xdc dinh theo cong thiic:
u ( -1 ’
T, = 19
g -1
Tir d6, chiing ta xdc dinh duoc ham phé cla s(t) nhu sau:
Liln sin(nrx. f.T
sin(7.f.Ty)
X k \ sin(nz. f.T, A
eTaicictdnsd f=—=4k. fy,k=0,1,2, ..., bidu thirc (—fo) ¢6 dang — . Sir dung
TO Sln(ﬂ'.f.TG) 0

cdng thic H’opitan, chiing ta xdc dinh duge:
sin(nx. f.T,
m (nz.fTy) _ "
Sk, sin(z. f.Tg)

Vay tai cdc tAn s6 f, = Ti= kfy, ching taco: S(f)=nx8(f)x g~ ST,

0
Hay IS(H = S () (5.24)
e a ox kK _k P . NN g
e Taicdc tdins6 f = T = — fo — Bi€u thirc ham sin(.) trén tir s6 bang khong, con biéu
nig n

. (k7 L ) s
thitc ham sin(.) & mau s6 dugc xdc dinh bang sm[—}, néu t 56 k/n khdc s6 nguyén, thi méu
n

36 khdc khong. Lidc d6 S(f) = 0. Néu k/n = s& nguyén, thi |S (f )| # 0, va dat gid tri max.

Nhu vay, 1ai cdc tin s8 [ =;—0~+iS(f)|maX. con céc tn s6 f =% véi k/n = s

nguyén -+|S(f)\min
cho trude ti s6 T/T,, ching ta c6 thé v& duge d6 thi ham |S(f)|

lls ]
™,

, Néu k/n = s8 nguyeén, thi |S (f )‘ max - CA1 €1 v3o céc phan tich & trén, néu

foy
. - \P ff i \
b) L,‘H \.\ III'I E I f},n«\ :.J';
J Y e Ny
0 173 2473 f, 4tj3 St3 2, =11
k=0 k=1 k=2 k=3 k=4 k=5 k=6 k=7 k=8 k=9

f

0--1---0--+

Hinh 5.10b). D6 thi ham mat do phé |S(/)| cda chim 3 xung vuéng.
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Trén hinh 5.10b), bi€u dién d6 thi ham mat do phd ISCA)] chium 3 (n = 3) xung vuong, véi ti

T 1 ,
5 7 =5 Taicdc diem f = 0. f,, 2f, >|S(f)| . - Puomg cong ddt nét twong tng véi ham
0

mat d6 phé |S, (f)l v€ trong khoang tin s6 f = Q + I/T.

4. BIEN BOI FOURIER ROI RAC

Bién déi Fourier roi rac (Discrete Fourier Transformation - DFT) 1a mot trong céc thuat todn
duge sir dung rong rai nhat trong k§ thuat xir Iy tin hi¢u s6. Trong tiét nay, chiing ta s& nghién
citu so b vé€ DFT, chi ti€t hon doc gia 6 thé tham khdo & cic i liéu khdc, ching han [12).

Xét tin hiéu (dang séng) x(t) lién tuc trong khoang thdi gian hire han, chang han, tir 0 dén T,
nao d6. Chia khoang thdi gian (0 + T,) ra N khodng bang nhau, k¥ hiév cdc thoi diém tuong ing
lat, véik=0,1,2,..., N-1, Uhg v6i méi thai dién t,, ching ta xdc dinh dugc mot miu cha tin
hi¢u, ky hiéu 1a x(k). DFT ldp quan hé vé thudt rodn giita cdc ddy hitu han, roi rac trong mién
thoi gian, ky hiéu x(k) va cde day hitu han, roi rac trong mién tin s6, ky hi¢u X(n). DFT duge
suy ra tW bién doi Fourier lién tuc (CFT), véi viéc thay the tich phan bdi téng, con bién tin s6 f,
thai gian t, duge thay thé bing tdn s6 roi rac n, thoi gian réi rac k. DFT dinh nghia boi thuat
todn:

Z:r
k).e (5.25)

M?

X(n)= DFT [x( 2

trongdén=0,1,2,..., N-1.

Bi¢n ddi Fourier roi rac ngugc (Inverse Discrete Fourier Transformation - IDFT, hoic DFT"' )
duge dinh nghia bdi thuat todn sau:

x(ky= DFT™V[x(n)]= ZX(n)e (5.26)
n—-(}

trongdé6k=0,1,2,...,N-1.
Téng trong cdc cong thic (5.25) va (5.26) thuc chat 1a téng kép theo ca hai chi s6 k, n. Khi
tinh todn, thudng biéu dién ching dusi dang ma tran, nhur sau:

=]V ] =L e T o)

hodc trong dang cy thé hon clia cdc ma tran:
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x(v-1)

X(n) = DFT[x(k)] = Re[X ()] + Im[X (n)]

€

2;r.
—i—2{N-1
Y {N-1)

biénk =0, 1,..., N-1, chay theo hang;
conbiénn=0,1,..., N-1, chay theo cét;

C )
x{1)
x(2)

+(v-1)

z|—

e

27 )
j—.2(N-1
‘N (N-1)

1

27
—iZ5(N-
! N( !

[
27
—i——2{N-1
N { }‘

€

TNy
e N

27
tN(N 1y

e

x(k) = DFT [ X (n)] = Re[x(k)]+ Imx(k)]
bignn=0,1,..., N-1, chay theo hang;
conbi€nk=0,1,..., N-1, chay theo cot.

Ciing nhu moi biéu dién trong mién tdn s6, X(0) - 1a thanh phin mdt chiéu cha phd rdi rac, cdn
X(N-1)-1a thanh phén cao tdn nhdt cha phd rdi rac.

MB&i ma tran vudng biéu dién céc hé s6 c6 N? s6 hang, trong dang:

27
Fi—4&.
e v =cos(g£.k.n]$i sin[z—”.k.n)
N N

Chiing ta nhan thdy ring cdc s6 hang d6i xing qua dudmg chéo chinh bing nhau tuong ing.
Trong thuc hi¢én DFT va IDFT, phép tinh vé6i céc s6 hang gap nhiéu sy trung 13p, do dic tinh chu
ky va doi ximg chia ham xdc dinh h¢ s6, vi vy c6 thé tim cdch tinh nhanh. Thuat todn thuc hi¢n
tinh todn nhanh goi 13 thuat todn bién déi Fourier nhanh (Fast Fourier Transformation-FFT),
cling v6i bién déi Fourier nhanh ciing c6 biéh doi Fourier nhanh ngugc (Inverse Fast Fourier
Transformation - /FFT, hoac FFT"').
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Sau day, chiing ta xét mot thi du v& DFT cia diy roi rac xuét phét tir ham cosoy, véi N = 32
3 Y . + [ -3 v
diém, v6i o = 3—;: ~0,304 . D6 thi cha ddy roi rac 32 diém biéu dién trén hinh 5.11a), con phép

bién déi thyc hién theo cong thitc:

X (n) = DFT{x(k)] = Re[x (n)]+ Im[X (n)] = Zcos(

2T
—I—’,ﬂ.k
}e N (5.27)
k=0

(N-1
trong do n la tham bién 18y gid tri tir O dén 31.
in 3

Thay thé cos 37 il=l e“" D ye ' vi0 (5.27), chung ta c6:
(N —1) 2

3z k 2. _3r 2.7

N-1 i . 2T, A
X(m)=305]e MM xe N 14N 0s/e WU e ¥ ST Ty
k=0 k=0

X(k)

|||||

b) ::_:::::."OO.....OO' RN

oooooo'..!. L
a0 ® 000_75_1.6'. 3’1—_)

[

e
oY

Hinh 5.11. Pé thi day x(k) a) va Re[X(n)] cing Im{X(n)].
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{ 3 _2x
+ (—\.—I)-{-Tﬂ]
G , d&u o trén cho

(M- 4

trong d6 T, , T, 1a téng cia cap s6 nhan theo k, c6 u,= 1, q = ¢

T,, con ddu & dusi cho T,. St dung cong thic tinh téng cdp s6 nhén dang T = d 1
q —
hai tOng trén va thuc hién vai bién déi, ching ta nhin dugc:

23 27

-

H
0.5. 1+e N 05i1+e N

_I_
3z 27 { 3= 2n#
——-=n —i +=—n
|_ g \N-1 N [_e \N-T W

Can ¢t vao cong thic (5.27a), vdi n = 0 + (N-1), chiing ta xdc dinh dugc Re[X(n)] va

X(n)z

(5.27a)

Im[X(n)]. Phu luc 1 biéu dién chuong trinh va két qua tinh DFT[cosak].
D6 thi cha Re[X(n)] va Im[X(n)] biéu dién trén hinh 5.11b).
Ngay nay c6 sdn cdc vi xit Iy chuyén dung A€ thyc hién cdc thuit todn FFT va FFT vdi s6

diém r&i rac khdc nhau.

5. BIEN DOI COSINE ROI RAC

Trong k¥ thuat nén (tin hiéu anh, hogc tin hiéu audio) rdt thudng hay sir dung bién ddi cosine
rifi rac (Discrete Cosine Transformation - DCT). DCT ¢6 thé thuc hién bién di & dang toa do
mot chi€u, hoac hai chiéu.
5.1. DCT mdt chiéu

Trude hét, ching ta nghién cttu DCT mot chiu. Gia thir chiing ta ¢é day rdi rac, hiru han x(k),
trong 46k =0, 1, 2,..., (N-1), cdon N - s diém roi rac héa, x(k) - cdc mau bién do ciia tin hiéu
x(t) hitu han.

DCT mot chidu thuc hién bién doi ddy roi rac, hitu han, ky hiéu x(k), trong mién thdi gian
thodc khong gian} thanh ddy roi rac, hitu han, ky hiéu X(n), irong mién tan sé

DCT mot chidu duge dinh nghia boi thuat todn sau:

X(n) = \/A C(n)Zx(k) [%’3] (5.28)

trong d6: n=0,1,2,..., (N-1)

&5 -

C(n) =

258



Chuong 5: Tin hiéu va phé

X(n) - cdc mau 1dn s¢ cla tin hiéu x(k), hon nifa X(0} - mu tng v6i tan s6 f = 0, goi la méu
mot chiéu cla tin hiéu x(k). Khi chi s6 n ting dén, chiing ta ¢ cdc mdu vdi tdn s& tang dén.

Cong thitc (5.28) c6 thé biu dién trong dang ma tran, nhu sau:

[X()]= \]%cm).[x(k)us(k,n)] (529

trong d6: [x(k)] - ma trin hang, v6i k=0, {, 2,..., {N-1), biéu dién céc £ia trj mau cia bién do
tin hiéu cin thuc hién DCT:

[B(k, m)] - ma tran vuong (k hang x n cot), v6in, k = 0,1,2,.... (N-1). [B(k, n)] - goi 1a ma
tran cta ham co s&, duge xdc dinh theo:

[B(k,n)]= [cos[MH (5.30)

2N
va khi N = 8, n6 ¢6 gid tri nhu sau:
I 9807 9238 8314 7071 ,5555 3826 1950 ]
I 8314 3826 -1950 7071 -9807 -9238 —5555
15555 3826 -9807 -,7071 ,1950 9238 8314
I 1950 -9238 -5555 7071 8314 -3826 —9807
1 —1950 -9238 5555 ,7071 8314 -3826 9807
I —5555 -3826 9807 -,7071 —1950 9328 -8314
1 -8314 3826 1950 -,7071 9807 -9328 5555
1 ~9807 ,9238 -8314 ,7071 -5555 3826 -l 950J

Ciut y : khi xdc dinh [B(k, n)] tham s6 n- chi s§ ciia cot, tham s& k- chi s6 cia hang. Trong ma

(Blk,n)] =

(5.30a)

trdn nay, chi biu dién cdc s6 sau ddu phdy, hon nifa, chi 14y chinh xdc dén 4 s& [6. Chiing ta
nhan thdy ring trong [B(n, k)} c6 nhiéu gid tri giéng nhau, vi vay ciing ¢6 thé xay dung thudt
todn tinh nhanh DCT.

Chiing ta xét mot thi dy: gia thir chiing ta cé 8 mau bien do cia tin hiéu x(k), nhr ma tran dong
dudi day:

[x(k)] =[98, 92, 96, 80, 75, 69, 95, 100].

Sir dung cong thifc (5.28), dé xdc dinh cic miu tdn s6 X(n) — xem phu fuc 2 -, két qua nhan
dugc nhu ma trin dong dudi day:

[X(n)] = [249; 6; 24; - 15, 0; 6; - 2; 9]

Trong day nay, thanh phdn phd mot chiéu X(0) = 249; thanh phén tdn s6 cao nhdt X(7) = 9.
Ching ta thdy rang bién do cia céc thanh phén tdn phd, néi chung, gidm din theo suf tAng cua
tdn s6.

DCT moét chiéu ngugc, ky hiéu IDCT, hoac DCT", biéu dién bing thuat todn:
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N-1
x(k) = \/%.C(k).ZX(n}cos{Mil (5.3

0 2N
trong dé: k=0, 1,2,...,(N-1}
1
—_— k=0
J2
Clk)=
1 k=0

Cong thitc (5.31) cling c6 thé biéu dién dudi dang ma tran, nhw sau:

2
[6)1= | 2 O Ll 0) 531
trong d6: [X(n)] - ma trdn hang, n=0, 1, 2,..., (N-1);
[B{(n, k)] - ma tran vuong (n hang x k cot), véik.n= 0, 1, 2,..., (N-1).
[B(n, k)] - goi la ma tran ham co s, duge xac dinh theo:

o {o{5)

2.N

Nhu vay: [B(n,k)] = [B(k,n)]T , hodic nguge lai; & day ky higu T- chi todn tir hodn vi. Vi thé,
khi di bigt [B(k, n)] bang cdch hodn vi chiing ta xdc dinh ngay dugc [B(n, k)].

Thu4t toin DCT mot chiéu ¢6 thé duge sir dung trong k¥ thuat nén cdc tin hiéu chi phu thuge
vao mot bién s6 khong gian.
5.2. DCT hai chié¢u

DCT hai chidu thuc hién bién doi cdc mdu roi rac, hitu han trong khéng gian hai chiéu cua
bién do tin hiéu, ky hiéu x(i, j), thanh céc mdu réi rac, hitu han trong khong gian hai chiéu cia
tdn s6, ky hiéu X(u, v).

DCT hai chiéu biéu dién bang thuat todn:

N-IN-1 - -
X (u,v) = %C w).C(v). Z Zx(i, j).cos[(z—ltl)ﬁ]. cos[(z—j—tl)ﬁ} (5.32)

=0 /=0 2N 2N
trong do:

1

— u,v=10

5 v
Clu),C(v) =1

1 u,v#0
l
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Cac thanh phdn ham cosine goi 1a ham co s& B, j). Ham co s& B(i, j) tao thanh ma trin

[B(z', })] - g0i 1a ma trén cla ham co sd, (i cot x j hang), dugc xédc dinh theo cong thite:

[ ( J)]“[COS[(ZIH)HEJ cos((wzif)'vﬂﬂ (5.33)

2N

trong d6 (u, v) - cdc tham bién, véiu, v=0, 1, 2,..., (N-1). Tuong ing véi mdi cap gid tri cla
tham bién (u, v), chiing ta xdc dinh duge mot ma trin [B(i, ;)] v8i N = 8 va cip (u, v) = (6,4),

chiing ta x4c dinh dugc:

2706  —6533 6533 -2706 -2706 ,6533 —,6533 2706 |
=2706  ,6533  -,6533 2706 2706 -6533 6533 -,2706
—2706  ,6533 6533 2706 2706 -6533 6533 —,2706
2706 —,6533 6533 -2706 -2706 ,6533 —6533 2706
2706 —,6533 6533 -2706 -2706 6533 —,6533 ,2706
-2706 6533 6533 2706 2706 6533 6533 —2706
—-2706 6533 -6533 2706 ,2706 —6533 6533 2706
| 2706 —,6533 6533 -2706 -2706 ,6533 —,6533 2706 ]

=
I

trong ma trdn nay, chi bidu dién cdc s sau ddu phdy, v6i do chinh xdc dén 4 chit sé.

Thuat todn DCT nguec, ky hieu IDCT, hoie DCT xdc dinh méi quan h¢ gifta ddy rdi rac, hitu
han trong khong gian hai chiéu clia tdn 56, ky hien X(u, v), véi ddy rdi rac, hitu han trong khéng
gian hai chiéu biéu dién bien do tin hieu, k¥ hieu x(i, j). DCT* bi€u dién bdi thut todn:

N-IN-t . .
x(i. j)= —C(:) C(). ”ZO;X u v)cos[@#i].cos[%)fi) (5.39)

trong d6 C(1), C(j) ¢6 gid tri nhu C(u), C(v). N - 56 diém 14y mdu, khi sir dung trong k¥ thuat nén
anh, chon N =8,

Cac thanh phan ham cosine goi 12 ham co s& B(u,v). Him cd s& B(u,v) tao thanh ma tran
[B(u,v)] - ma tran clia ham co s& theo bién (u,v), duge xdc dinh:

[B(u,v)] = [cos[ (2u2+;)7:.i J.cos[ Qv+l J] (5.35)

2N

trong cong thic nay cdp (i, j) - 1a cap tham bién, v6i khodng gif tri 0 < (i,j) < N. Cip bi¢n s6
(u,v) cling ¢6 gid tri trong khoang 0 < (u,v) < N. Giita ma tran [B(, Jj1 v ma tran {B(u, v)] ¢6
cling dang. Néu thuc hién hodn d6i vi tri: (i, j) & (u, v) tuong Umg giita hai ma trdn, thi ching ¢6

clng gid tri.
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6. BIEN POl WIERNER - KHINTCHINE

Khi nghién ciu cdc qud trinh nglu nhién - QTNN, todn hoc phan loai chiing thanh hat nhom
lén:

- QTNN dimg;
- QTNN khong dimg.

Pdi véi cdc QTNN dimg, ham mdr dé phé cong sudt cha ching duoc xdc dinh qua ham w

tuong quan, duge biéu dién bing cong thic sau:

S(f) = J’R(r}e_izﬁ‘f Tdr (5.36)

-

Cong thite (5.36) goi 1a bign ddi Wierner-Khintchine thuan, d6 1a sy m& rong cua FT cho cac
QTNN dimg, trong d6 R(t)-1a ham tu tuong quan cia QTNN dimg X(t), dinh nghia theo cong
thifc:

R(r)= E[X(e)x X (e - )] (5.37)
trong cong thitc (5.37), ky tr E chi todn tit k¥ vong. Him R(t) do mifc tuang quan théng ke gilta
X(t) v&i chinh n6, sau Khi di dich theo truc thai gian mot khodng bing +t. N€u R(z) = 0, thi ta
néi ring gitta X(t) va X(t—1) phy thudc théng ke l4n nhau, titc 12 ching c6 sy “gidng nhau™ nao
d6. Nguoc 1ai, néu R(t) = 0, thi ndi ring giita X(t) vd X(t-t) khong phu thu¢c théng ke 14n nhau,
tifc 13 “hanh vi” cla chiing hoan toan “xa 1a” v6i nhau. Rd rang, khi 1 = 0, chiing 12 mét, vi thé
ham R(0) dat cyc dai, con khi khodng t ting dén vé ca hai phia, ham R(t) gidm dén, ciing ¢6
nghia 12 ham R(t) 12 ham thyc va chin. Tir d6, cong thiic (5.36) dugc cu thé hon nhu sau:

S(f) = [R(z)cos(2m.fr)de (5.36a)

Ciing tuong tr nhu FT, ham S(f) 1a thuc va chin.
Gia thir ham X(t) ¢6 thit nguyén [von], thi ham R(t) c6 thit nguyén [watt]. Tir cong thic

(5.36), suy ra thit nguyén ctua S(f) [a [%} . Ham S(f) - goi 12 ham mat do phé cong sufit (Power
z

Spectrum Density - PSD), nhu chiing ta da goi tix ddu. Bién d6i Wierner-Khintchine nguoc duge
dinh nghia bing cong thirc:

R(zy= [S(N)e*I7df = [S(f).cos(2z.fx)df (5.38)

R rang, khong giéng nhu FT”, tir ham S(f) khong c6 thé khoi phuc duge bat k¥ mot thé hien
nio cha X(1), vi n6 khéng mang thong tin vé pha clia cdc thé hién.
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Sau day, chiing ta xem xét mot thi du dién hinh, ma sau nay (xem chuong 6) rat thudng xuyén
duge sir dung d€ gidi thich sy hinh thanh him PSD cfia cdc tin hiéu diéu ché s6.

Thi du: Xét tin hiéu nghu nhién X(1), 1 chudi bit du ra, két quad cla mét phép ma héa ngudn
nao d6, ma mot thé hién cha né duge biéu dién tren hinh 5.12a).

Vi céc thé hién x(t), chiing ta gia thi€t ring: sw xuat hién clia cdc bit trén truc théi gian 13
ngéu nhién, nhung s6 luong céc bit cé mitc logic 1, bing s6 lugng cic bit cé mic logic O, tie 1a
xdc sudt xudt hién cdc bit 1 va céc bit 0 bing 1/2. Do rong cdc bit 4 T [sec], bién do cha chiing
1 £A [von). Mot tin hieu ngdu nhién, ma cic thé hién cia né phit hop vdi gid thiét trén, chiing ta
s€ chimg minh rang: X(t) - tin hiéu ngdu nhién dimg.

LY

a) A
1|0 L e o] Y
7” |
A
S sinx Y’
AT
b) x
f
7T 0 /T !

Hinh 5.12. Mot thé hién x(t) ciia tin hi¢u ngéu nhién X(t) a),
va ham mat d6 phd cong sudt ciia n6 b).

Qua trinh chitng minh nhu sau:
- QTNN X(t) 1a QTNN 1%i rac, v6i tap bao gém chi hai gid tr X,= +A, X, = —A, hon nifa p(x,) =
p(xy) = 1/2.

2
-Hamky vong:  my (f) = E[X(1)]= > e p(x;) = A.%—A.%:O;

=1

- Ham phuong sai: DX(1)=E{X(:)-mX(:)]2} Zx plx;) = A2—+( —A)? %=A2;

i=l

- Ham k¥ vong:
: 2 2
Ry (t.t3) = E[X(1).X (1)) = ZZ x; (1) (42).PLx, (1) x 5 (1)),

trong dé p[x,- (t).x it )J - x4c sudlt giao clia hai sy kién x(t,) véi x(t,). Chiing ta xdc dinh

R(t;, t,) trong hai trudng hgp sau:

263



Co 56 1y thuyét truyén tin

B .
— ' ‘ ol | — —»
| T o
| Ax(t—1)
a) et T rTW ‘T w1
0 ol ‘ l —
AN I
b T-
Ax(-71)
o T e e
0 T >
I I
c) ZTR(T)
T
-T 0 T

Hinh 5.13. Dién giai qué trinh tinh ham ty twong quan: khi |7 - 7| <0 a),
khi [T — 7| > 0 b) va két qué c).

eKhi r=|t, — 4| > T, ching ta cé:
27 g

A? a)
x,(4)x (1) =
— A% b)

trudmg hop a) xay ra khit, va t, roi vio khodng dé xi(t,} va x(t,) nhan ciing gid tri (hoic A, hoac
-A). Con trudmg hop b) xay ra khi t, va 1, roi vao khoang dé x(t,) va x,(1,) nhan cdc gid tri khac
nhau. Theo gia thiét p(x,) = p(x,) = 1/2, cho nén:
21 ol
Rx(rlgf:_)) = E[x‘-(t|).xj(r2)]= A -2——14 .5 =0.
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« Khi r = |t2 —I|| < T . Trong khoang niy x(t,) va X,(t;) lai phu thudc lin nhau. B3 vi, trong

khoang nhu thé ca x(1,) va x,(t;) nhan cing gid tri (hodc A, hodc -A), ciing tifc 12 gid tri cla x,(t)
phu thugc vao gid tri x,(t,) dd xudt hién trudc d6 . Bai todn ddn dén xdc dinh xdc suit giao coa
hai sy kién x;(t,) va x(t,). Xdc sualt ndy duge x4c dinh bing ti s6 gitta doan thing giao nhau cia
xi(t) va x,(t,) v6i do dai T, ic 1a:
T -t
plxdn)x; () =——
T
Tir d6 chiing ta c6:
L I
Re(nt) =33 x,(t).%, (). plx,1).x, (1,)] = 47 1 - -
=] 4=}

Tém lai, chiing ta x4c dinh duge ham ty twwong quan R(1), dudi dang:

{AZ{I—H) l<T
T

R(,t5)= R(z) =1 (5.39)
0 |r| >T

Ham tu twong quan R(1) khéng phu thudc vao t,, t,, chi phu thude vio 1 = |t, — t,|. D6 thi clia
ham tr trong quan R(1) duge biéu dién trén hinh 5.13¢).

Cuéi ciing, ching ta da ching minh duge X(t) hoi da cdc tiew chudn 13 QTNN dimg.

Phi hop theo bién d6i Wierner - Khintchine thuan, duoc biéu dién bang cong thitc (5.36a),
chiing ta x4c dinh duge ham mat do phd cong suat ciia X(t), nhw sau:

+00 T
S(f)= [S(f).cos(2m.f2)df =2 IAZ[I - %J.cos(br. fx)df
-0 0

(5.40)
sin?(z.£.T)

(z.f.T)
D¢ din ra duge k&t qua (5.40), chiing ta di sir dung cdc ket qua clla muc phd cia xung tam

= A2T

gidc trinh bay & trén,

D6 thi clia ham mat do phé cong suat S(f) duge biéu dién trén hinh 5.13b). Do rong phd chinh,
ky hi¢u B [Hz], clia tin hi¢u bang co s& nay la khoang tdn s6 F = 0 dén F,,.= I/T: utc 13 B = I/T.
Ngudi ta cing goi 1a khodng phd’ Nyquist, vi dé truyén né ddi hdi t6i thidu mot ddi théng
Nyquist, xdc dinh bang van tc bit cha tin hiéu - R, véi R = I/T, (dinh nghia nay xuAt phat tir
dinh Iy ldy mdu). '
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Cdn chi ¥ rdng k&t qua xac dinh him mat d6 phé cong sudt S(f) ctia muc nay rat ddng ghi nhd,
dé dién gidi cdc haim mat do phd cong sudt - PSD clia cdc tin hiéu diéu ché s6, trinh biy &

chuong 6.
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CHUONG 6
CAC TiN HIEU DIEU CHE

Trong chuong nay, chiing ta s& nghién ctu cde mé hinh todn hoc cha céc tin hidu diéu ché va
ham phd clia chiing. Céc s0 dé diéu ché chi trinh bay trong dang nguyér; tdc dmng. Con cde vin
dé khic nhu gidi phdp k§ thuat, ciing nhu so d6 mach dién cu thé, khong thude noi dung cia
mén hoc nay. Hon nita, chiing ta cling chi quan tam tdi van dé diéu ché, con vin dé gidi diéu
ché, néi chung, chua dii diéu kién dé trinh bay & day. Ngudi hoc, thong thudng phai nghién ctu
161 ba ldn, & ba nam hoc khdc nhau, vén dé diéu ché va giai diéu ch€, khi d6 méi c6 di kién thic
vé vin dé quan trong nay.

Chuong nay, ching ta s¢ nghien citu cdc tin hiéu diéu ché tuong ty, ciing nhu céc tin hiéu diéu
ch€ s0. Hau hét, cdc tin hiéu diéu ché hién tai dang duge st dung trong cic hé théng truyén tin
(vién thong, quang bd, mang mdy tinh,...) déu duoc dé cap & day, mic di mitc do noéng, sau ¢
thé khdc nhau,

1. KHAI NIEM CHUNG VE PIEU CHE

Céc tin hi¢u bang co sd, dit & dang tuong wr, hay & dang s6, n6i chung, khong c6 kha nang
thich hop véi cdc dang kénh truyén khdc nhau. Tuy nhién, trong mot chimg myc nao d&y, dudng
day doi, cdp déng truc, hay néi chung 12 cdc dang dudmg truyén c6 hai méi lién hé, ¢6 thé truyén
tin hi¢u bang co s& véi mot khoang cdch ngén. Nang lugng clia chiing s& bi suy giam nhanh theo
khoang cdch. V1 th€, dé tn hi¢u bang co s& thich hop duge véi cdc dang kenh truyén khéc nhau
va ¢6 thé truyén di xa, phai thyc hién diéu ché ching. Diéu ché cling cho phép truyén tin hiéu iy
nhiéu ngudn tin khic nhau 1én cling mét kénh truyén (trude dé cé phép dén kénkh).

Dé diéu ché, bit bude phai cé hai thanl phén:

- Tin hiéu bang co sd dem diéu ché, thudng duge ky hieu 1a s(t) (hay x(t), w(t), m(t)...., tiy hoan
cdnh). Tin hi¢u dem diéu ché chita dung thong tin (tin tirc). Vi thé, né 12 qud trinh ngiu nhién.
- Dao dong mang, hay con goi 1a dao dong tai tin. D6 13 mot dao dong tén s6 cao, chiing ta
thudmg trinh bay dudi dang di¢n 4p (hay ddng dien), nhu sau:

u,(t)=Uq cos(2nf.t +6) (6.1)
trong d6 U, - bién do cia dao dong mang, khi chua diéu ché Ia hiing s6 d6i véi thisi gian; £, - t4n
s0 cla dao dong mang, [Hz]; 6 - goi Ia pha d4u, [rad); cén 2nf .1 + 6 = (1) - goi la pha tic thoi
cla dao dong mang, [rad]. Ky hiéu c- carrier- mang. Tir c4c khdi niém trén, chiing ta thiy rang
mdi quan h¢ gitfa tAn s8 va pha tic thdi clia dao déng, duoe xdc dinh:

f=-- 20

6.2
2 Ot ©2)
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& day chiing ta dé cap dén quan hé tén s& néi chung, chit khong chi riéng cho tan s& séng mang.

Con nguge lai, méi quan hé giita pha uke thdsi cha dao dong vdi tdn s6 cua no, dude xac dinh:
#(t)=2x Jf(t).a’t+9 (6.3)

Nhu vay, dao dong mang dugc dic trung boi ba tham s6 - bién do, tan s6, pha tic thoi.

Piéu ché'la cdch thire ghi tin hiéu dem diéu ché vao mér trong cde tham s6 cia dao déng mang
(hodc ghi déng thei vao hai tham s6), lam cho cdc tham s¢ nay cua dao dong mang thay doi
theo quy ludt cua tin tic.

Néu dem ghi tin hidu dem diéu ch€ vao bién dé clia dao dong mang, thi bién do cua dao dong
mang, lic nay, s& thay d6i theo quy luat cia tin titc. Ching ta c6 tin hiéu diéu ché bién d¢. Tuy
theo tin hiéu dem diéu ché 1a tuong ty hay s& va tty theo cdc Xir Iy ti€p theo vao phé tdn s& clia
chiing, ma ching ta s& c6 nhiéu dang khdc nhau cta tin higu diéu ché bién do.

Né&u dem ghi tin hiéu dem diéu ché vao tdn 56 cla dao dong mang, thi tdn s6 cla dao dong
mang, liic ndy, s& thay déi theo quy luat ca tin tic - goi 12 tdn s6 tic théi. Chiing ta ¢6 tin higu
diéu ché'1dn s6. Tily theo tin hiéu dem diéu ché 13 teong tu hay sd va tty theo cdc xir 1y khéc vao
s(t) trude didu ché, ma chiing ta s& ¢6 nhiéu dang khdc nhau ctia tin hiéu diéu ch€ tn s6.

Né&u dem ghi tin hiéu dem diéu ch€ vao pha tic thoi clia dao dong mang, thi pha ufc thoi cia
dao dong mang, ltc niy, bén canh sy thay d6i déu din theo thdi gian, con bi thay déi theo quy
luat ctia tin tic. Ching ta 6 tin hi¢u diéu ché pha. Tuy theo tin hiéu dem diéu ch€ 1a twong w
hay s va ty theo cdc xir 1y khdc vao s(t) trude diéu ché (goi chung 1a iz 1y tin hiéu bdng co sd),
ma chiing ta s& ¢6 nhiéu dang khdc nhau cia tin hiéu diéu ché pha.

Néu dem ght tin hiéu dem diéu ché déng thoi vao hai tham s6 (bién do va pha) cuia dao dong
mang, chiing ta ¢6 tin hiéu diéu ch& hén hop.

Céc phuong phap xi I3 tin hiéu bdng co sd nhu: song song, hodc trdi phd tin hieu s6 trude diéu
ché, cho phép chiing ta tao ra cdc tin hiéu diéu ché€ méi thich hgp hon cho muc dich sir dung.

Diéu che€ tin hidu ciing 6 thé hiéu 12 phép md hdéa ddc biét, hoac phép xit Iy ddc bi¢r, dé gi
tin tic vio vat mang, mi nhd dé tin tic duge truyén dén ngudsi sir dyng.

2. TIN HIEU DIEU CHE BIEN PO

Chiing ta nhéc lai, diéu ché& bién do la dem ghi tin hiéu dem diéu ch€ vao bien d¢ cia dao dong
mang. Hon nifa, cich thic ghi, & dang nay theo phép céng, 0 dang khdc lai theo phép nhdn.
Chiing ta bit ddu nghién ctu tin hiéu diéu ch€ bien do tir dang truyén thong r6i ti€p dén cic
dang phitc tap hon.

2.1. Diéu bién bang tin hién twong tw (AM)

Trong trudng hgp nay, tin hiéu dem diéu ch€ la tin hi¢u wwong ty. Thuat ngi tiéng Anh goi

dang diéu ché nay 13 Amplitude Modulation - AM. Phép di€u ch€ duoc thuc hién dudi dang
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phép cdng, tirc 1a dem cong tin hiéu dem diéu ché vao bién bo ctia séng mang. Chiing ta bit dau
nghién citu 1ir don gian dén phiic tap d6i véi tin hiéu dem diéu che,
a). Tin hi¢u dem diéu ché cé dang don dm (a tone)
‘Frong trudng hop ndy, s(1) ¢ dang:
s(ty=Uq .cos(27rFr) (6.4)
trong d6 Q = 27zF - ky hi¢u t4n s6 géc [rad/sec] clia tin higu dem diéu ch¢, con F - ky hieu
tdn s6 cia tin hi¢u dem diée ch& [Hz), hogc [1/sec]. Tin hi¢u dem diéu ché chi c6 mét thanh
phén tin s6, khong phdi la tin hiéu thiee, né chi ia dang todn hoc dé don gian trong nghién ciu.
Con dao dong mang biéu dién dudi dang:

u (t)=U, cos{2af,t + 0) : (6.5)
Céch thiic diéu ché 12 phép cong, tic 1a;
u ()= [UO +as(t)] cos(27f,t + 8) {6.6)

trong d6 a - he s& ti 18, dac trung cho hé s khuéch dai cua khoi khuéch dai am tdn, nhu hinh 6.1.
Hon nifa, phi chon gid trj a thich hgp, dé dat duge cdc chi s§ didu ché khdc nhau.
Pem thay thé biéu thiic & (6.4) vao biéu thirc (6.6}, chiing ta dugc:

U0y (1) = [Ug + alg.cos(2aF1)| cos(2f,t + 0)

=U, [1 + agﬂ .cos(2;rFr)J. cos(z,rg"ct + 6?) (6.7)
0
M . —as(t ] u®
q Khuccf{ dai Dl'e:u ché AM
am tn bién do
Tf
<
Tao dao
dong mang

Hinh 6.1. So do khéi diéu ché bién do biing tin hiéu tiéng néi.

Ug
0

a
Ching ta dat m =

(6.7) - goi 12 d¢ sdu diéu ché, hay cdn goi 13 chi s6 diéu ché thudmg

biéu dién trong dang %. Do sau didu ché m déc trung cho mire d6 “néng” hoic “sau” cia viée
ghi tin hi¢u dem di€u ch€ vao bien do cia dao dong mang. Chiing ta tiép tuc co:

U (1Y =U, [1 + m.cos(27Ft)} cos(27f .t + &)
=[U, + mU cos(27Ft) cos(22f,1 + 6) (6.8)
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Biéu thic (6.8) goi la biéu thitc cla tin hiéu diév bién, trong dé m - 1 d¢ séu diéu ché, ciing fa
d6 sau diéu ché toan bo, c6 mot gid tri ndo d6, hodc 16n hon, hoac bang khong.

Dé tryc quan khi nghién citu tin hiéu diéu ché, chiing ta s& biéu dién bing d6 thi cic biéu thic
(6.4), (6.5) va (6.8). Riéng biéu thifc (6.8) ching ta biéu dién trong ba trudng hgp, twong tng vé
dé sau diéu ché m < 100%, m = 100%, va m > 100%, ihu hinh 6.2.

s(t)
t
0 »
uc(t)]

| =
P
I
[
—
—
—
-
i
—
=
-
I
-
i
-

\ ; /ﬂ | 5| e
) | f i '\\/ ?f (\ / \ L mk 0 .
URTITR et G AT N B
Uo U“ I ..... \‘ m< 100% U\U,

Hinh 6.2. P4 thi tin hiéu diéu bién, khi m < 100% a),
Khi biéu dién d8 thi theo biéu thic (6.4), chiing ta v& theo dang:

s(ty=Ugq sin(27rFt) (6.4a)
con d6é thi theo biéu thiic (6.5) theo dang:
u () = Uq sin(27f,t) (6.5a)

v4i géc pha ddu 8= 0.

Ky hiéu bién do cyc dai cia tin hiéu diéu bién 1a U, bien do cyc tiéu cha né 1A U, , con U,
13 mifc dudng bao tin hiéu AM trong diéu kién khong diéu ch&, hay bien do ¢ha séng mang (xem
hinh 6.2a)), d6 sau diéu ch€ m duge xéac dinh:

Umax = Unmi
m =18~ hoge trong dang phdn traim m(%) =
Umax + Umin U

Mxm% (6.9)

max +Umin
Dinh nghia theo (6.9) chi 6 gié trj d6i v6i dang séng diéu ch€ hinh sine. Biéu thiic (6.9) ¢6 thé
suy ra tir biéu thic dinh nghia (6.7), boi vi chiing ta co:
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ax — U s .
a.UQ —_ Umdx 2 mn , Cén UO — Umax ;Umm
_K,,Umax
Uam(t] ’rl [ﬂn ﬂlﬂ‘ '\
o SN
f\ JN 1! R A / S Y
UO Hl ||| “ / F |||| [ ({\llll --—Umi JF IIII .|i ‘ Iil ‘I ||I \I . If' \'|
o I A
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0 '""x'.ﬂ } | V l'J jl \lf 4
SV met00e )

m>100%

Hinh 6.2. P4 thj tin hiéu diéu bien khi m = 100% b), vam > 100% c¢).

Khi bién d¢ tin hiéu dem diéu ché al/ o <Uy, chiing ta ¢6 dé thi tin hiéu diéu bien nhy hinh
6.2a). Tiép tyc tang bien do cha tin hieu dem diéu ché cho dén kht al/y =Uy, chiing ta ¢6 dé
thi tin hiéu diéu bién nhu hinh 6.2b). Lic nay U, = 0. Tiép tuc ting bién do cha tin hiéu dem
diéu ché cho dén khi al/g, > Uy, chiing ta thay bién d6 clia tin hiéu diéu bien tiép e ting,

nhung s& xudt hién cdc khoang dang song bi phd v8, c6 tinh chu ky [5]. Trong khodng dang séng
bi phd v& do nguyén nhan giao thoa ciia haj séng ¢¢ cling bién do, nhumg nguoc pha nhau, két
qua dan dén sy triét tieu. DS thi tn hieu diéu bien, trong trudng hop nay, nhu hinh 6.2¢). Liic
ndy U, <O.
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Thong thudng, d6 sau diéu ché duge xac dinh véi diéu kien U,,, 2 0, (xem hinh 6.2a,b) - goi 1a
diéu ché thich hop, trong trudng hgp nay, gid tri ciam nam trong gidi han 0 < m < 1, hoac trong
dang %, gid tri cha m nam trong gidi han 0% < m < 100%. Con khi U, < 0, ducc goi 1a didu
ché’ sdu (overmodulation), nhu hinh 6.2c). trong trumg hop nay, gid tri cia m nam trong gidi
han m > 100%. Khi d6 gid tri U, khong dugc xdc dinh, vi thé ngudi ta cling thudng dua vao cac
dinh nghia khac vé do sau diéu che:

- % diéu ch€ duong:

m + (%) _ Ymax =UYo 5009
0
- % diéu ch€ am:
Un=U..
m — (%) _ Yo =Unmin 1000
UO
- % diéu ché todn bo:

m+ (%) = E“%I;—U"‘i—“xm{)%
0

Néu m+ = m— = m=, chiing ta ¢6 dang diéu ché déi ximg, trong trudng hgp nay bien do cla
dao dong mang U, khong bj thay déi bdi diéu ché. Khi dé, ching ta ciing c6 m+ = m— = m*
= m. Vi th€, m goi 1a do sau diéu ché toan bo. Gid i cla m nim trong khodng 0% < m < 100% .

Dang diéu ché goi 1a khéng doi ximg, n€u m+ # m— = mt. Nguyén nhan cha tinh trang nay la
do dic tuyén didu ché khong tuyén tinh (khi mic bien do cta tin hi¢u dem diéu ché qud cao).
Trong trudng hop diéu ché séu thi do sau diéu ché m+ > 100%.

Céc do sdu didu ché’ m mi chiing ta xét sau nay chi han ché v6i dang diéu ché ddi ximg.

DE giai thich van dé, trong thyc tién k¥ thuat thudng sir dung gid tri d¢ sau diéu ché m nao.
Chiing ta cén dé cap t6i van dé gidi didu ché, tic 12 van dé tich tin tic s(t) ra khoi tin hieu diéu
bién & thigt bi thu. Hon nifa, trong trudng hop nay, ching ta gia thiét tin hiéu thy, trong trudmg
hop 1y tudmg, khong chiu téc dong cia nhiéu (tie n(t) = 0).

Vi tin hieu diéu ché bién do, c6 thé giai diéu ché theo hai phuong phdp:

- Gidi diéu ché khong lién két, hay gidi diéu ché bing mach tdch song duong bao bién do
(Envelope Detection). Mach tach séng dién hinh cho trudng hop ndy, trinh bay trén hinh 6.3a).

- Gidi didu ché lién két (Coherent Detection), hay gidi diéu ché tich. Liic ndy cdn c6 mach khoi
phuc séng mang (nhimg hiéu biét sdu hon vé mach khoi phuc séng mang, doc gid tham khao o]
tai liéu khdc, ching han [11]), dé khoi phyc chinh xdc tdn s6 song mang f. va ca tré pha 6, cia
tin hiéu thu. Nguyeén téc clia mach gidi diéu ché€ tich, trinh bay trén hinh 6.3b).
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@). Gidi diéu ché bang mach tich séng duong bao bién dg

Mot mach téch séng duding bao 1y twéng 1a mach dién tao ra dang song ddu ra ti & v&i dudng
bao cda tin hiéu ddu vao. Tin hiéu ddu vao clia mach tach song, phit hgp theo quy udc khi vé dé
thi cha hinh 6.2, va v6i gia thiét tin hiéu thu khong nhidu, ¢6 dang:

u,(0) = Uy + mUy sinQ27Fr)Jsin(af .t + 6,,) {6.10)

trong d6 mU sin(27F!) - 1a dudng bao bién do, con 8, - do tré pha cla tin hiéu thu so véi tin

hiéu phat,
b
e Db u@® S
M R | Lc 50 ‘ -

. i i S

. Mach khot “

phuc séng

a) b) mang

Hinh 6.3. Mach tach séng duimg bao bién dé a), va mach tach sdng tich b).

Dién gidi cdch thitc 1am viée clia mach tich séng dudng bao véi tin hiéu didu ché bien d% trong
hat trutng hgp, khi d6 sau diéu ch€ m < 100% va khi do sau diéu ché m > 100%, dugc biéu dién
trén hinh 6.4.

Trong ¢ hai trudng hop (m < 100% va m > 100%), do tdc dung ciia phdn tir chinh hru D, chi
c6 nira chu k¥ duong ca tin hiéu ddu vao truyén duoc qua- didt, nhu hinh 6.4 a) va b).

Phén tir dién & R va ty dién C cda mach tach song dudng bao bién do, déng vai tro 13 mach
loc théng thip (LPF). Hang 6 thi gian RC clia mach loc duoe chon sao cho tin hiéu ddu ra sé
khoi phuc lai digng bao cia tin higu ddu vao. Bdi vay, tin s6 cit ciia LPF phai nho hon nhiéu
tan s6 song mang f,. nhung phii 16n hon nhiéu dii thong B cha tin hiéu dem diéu ché (trong

trudng hop don gian nay B =F), titc la:

B <<

<< f,

]

27RC
trong d6 RC goi Ia hang s6 thai gian clta mach loc.
*V6i do stu diéu ché m < 100%, nhur bidu dién tren hinh 6.4a), mach tich séng dudmng bao bién
d6 trong trudng hop 1y twdng sé cho ra tin hi¢u, ma chiing ta goi 12 danh gi4 ciia s(t), ¢6 dang;
5(t) = KUgq sin(27Fr) (6.10)
trong d6 K 1a hing s& ti 18. RS rang, ddnh gid clla s(t) & biéu thiic (6.10) triing vdi s(t) & biéu
thire (6.4a), titc 1a 5(¢) = 5(1).
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*V6i 4o sau diéu ché m > 100%, nhy bi€u dién trén hinh 6.4b), mach tich séng dudng bao bién
do trong trudng hop 1y tudng sé cho ra tin hiéu, ma ching ta goi 12 dénh gid cha s(1), t 18 vdi
bién do clia tin hiéu ddu vao. Trong trudmg hop ndy 5(¢) = s(f).

u(©)
UOT_' _J{\. Til FI;\'_" o ‘—__,-*T'- ﬁ m fwﬁ_ .
\ || [l\ |ﬁ'. i i Jll\ M ||I| |I'| |1'| o
a) ERISANENANIRA RN AN A AR ENANAN
m < 100%
sy o
o~ N .
e \\.‘_\_\_\_\_ -

Hinh 6.4. Dién giai lam viéc cia mach tach séng dudng bao véi tin hiéu AM
khi m < 100% a), va m > 100% b},

RG rang, véi viec sit dung mach gidi diéu ch& bing tich séng dudng bao bien do, viec khoi
phuc tin tic chi chinh xdc chi trong trudng hop do sau diéu ch€ m < 100%. Vi do sau diéu ché
m > 100%, tin tic khoi phuc bi méo dang va nhu sau ddy s& thdy phé clia tin hiéu AM trong
trudmg m > 100% s€ md rong ra nhiéu 14n.

B). Gidi diéu ché tich

So d6 nguyen tic clia mach gii diéu ché tich, trinh bay trén hinh 6.3b). Ching ta gid thi€t
riing tin hiéu dau vao, trong trudng hop 1y tudng, nhwr biéu thiie (6.10), hon nita mach khoi phuc
séng mang, khoi phuc duge chinh xdc tdn s§ séng mang f., cling nhu tré pha 6,, Lic d6, tai mach

nhén dién ra phép nhan sau:
u, () x Ug Sin(2af,t +0y) = Uyl + msinQaFr)[sin(2af t + 8,)x U sinRaft +6,4)

=Uy[l+m sin(27F1)|x %coso Ul +m sin(27zFt |x %003(47;72! +26,)
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Khi truyén qua LPF, thanh phdn thtt 2 ciia biéu thife trén- [a thanh phdn cao tén, ¢6 tdn 56 bing
2f., s& bi LPF gat bé, chi con lai thanh phdn thif nhdt. Tic 12 nh& mach nhan va LPF, ma ddu ra
ctia mach giai diéu ché khoi phuc duoe chinh xde tin tic ban dau:

5(6) = KU sin(27Fr) = s(t)
trong d6 K- hing s6 ti le.

Nhuge diém can ban ctia mach gidi didu ché tich ia phiic tap, vi thé¢ gi4 thanh s& khd cao,
khong thich hop cho chitc nang xay dung thiét bi quang ba.
b). Tin hi¢u dem diéu ché co dang da dm (multipe tone)

‘Trong trudng hop ny, tin hidu dem diéu ché c6 dang;

H
s(t) = ZUQk cos(2;rFkr) {(6.11)
k=1

Biéu thic (6.11) biéu dién mot dang s6ng thie, bao gém n thanh phdn tin 6, ciing nhyr trude
day, d¢ don gian, chiing ta coi pha ddu clia s(t) bang khong.

Tin hi¢u di€u bién c6 dang:

H 4ue (f) = [UO + Zak 'UQk COS(Z?[FkT)].COS(zfd‘Cf + 9) (612)
k=1

a, Uy
0

Ciing nhu & muc o), chiing ta ky hiéu m, =

- d0 sau diéu ché cha thanh phén tha k (k

=1, 2,..., n). B¢ gidi diu ch€ bing mach tich séng dudmg bao bién do, khoi phuc lai chinh xdc
tin tic ban ddu, chting ta cling can diéu kien cic my < 100%. Chiing ta ciing dinh nghia do sau
diéu ché toan bo, bdi bidu thirc:

1
mz—U—\/aleé] +a22U§222 +...+a§U§M
0

2 2

hay m=\/mt2+m2 +...+tm, 6.1

Dé giai diéu ché bing mach téch séng dudng bao bién do, khoi phuc lai chinh x4c tin tic ban
ddu, chiing ta cling c4n diéu kién do sau diéu ché toan bo m < 100%
2.2. Phd bién do-tén s6 cita tin hicu AM

Dé xay dung phé bien do-tdn s6 clia tin hicu AM, ching ta ciing bit ddu tir trudmg hop don
gian nhdt, r6i m& réng cho trudng hop chung.
a). Pho bién d6 - tdn s6 ciia tin hiéu AM don dm

Trong trudng hop nay, biéu thiic cta tin hieu AM 14 biéu thic (6.8). Chiing ta c6 thé trién khai
biéu thitc (6.8) nhu sau:

Uap (1) = Uq cos(2aft + 8)+ mU cos(2af .t + 6) cos(27Ft)
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mUO

mUO

= U, cos(2f,t + 0)+ cos2r(f, + F)r + 8]+ coslr(f, - Fy+6] (6.14)

Biéu thirc (6.14) c6 ba thanh phén:

- Thanh phin thit nhét ¢6 bién do U, con tin s6 f, - goi la thanh phan 1an s@ séng mang,

- Thanh phén thit hai ¢ bién d0 mU,/2, con tdn s6 {f, + F) - goi la thanh phan tin s6 bién trén,

- Thanh phén thi ba c6 bién do mUy/2, con tdn s6 (f, - F) - goi 1a thanh phan tan s6 bién duoi.
Can ctf vao nhan xét trén, chiing ta ¢6 thé v& dugc dé thi phé bién do-tdn s6 chia tin hiéu AM

don am, vdi cdc gid tri do san diéu ch€ m khdc nhau, nhu hinh 6.5

i O ! Bién do U
1Bién do ‘Uo C0 T| M0 el
‘ ‘ ‘ | ‘ -ImU0/2
J\I, — LK ': L .
0 f, f 0! : fi f

. " f-F f{+F
1Bién do +Bién do ¢ ¢
l ‘ Yo m=1 m>1
e L N
L | -. , N I L
0 y Cf f 0 A 1L | f

* *
f-F f +F W=6.B

Hinh 6.5. Phé bién do-tan so ciia tin hiéu AM don am, vé6i ba gid tri cia m.
Tir hinh 6.5, chiing ta thdy ring bién do cia thanh phdn song mang, U,, va d rong phé tdn s6,
W, s& khong déi, néu thyc hi¢n diéu bién voi m < 1. Cong sudt ciia cac thanh phan tin phd, trong
trudmg hop nay, duge xac dinh nhu cong sudt rén mot dién trd tai 1€, bang cdc bidu thirc sau:

- Cong suét ciia thanh phan séng mang:

P = Ug
- Cong suat clia thanh phin bién:
mUg 2
P =
= 5 )

Cong suat toan bo cha tin hiéu AM 1a téng cong sudt thanh phdn séng mang va hai thanh phéin
bien, duge x4c dinh nhu sau:

2
Py =P, +2P, =Pc[l+%—} (6.15)

976



Chuong 6: Cac tin hiéu diéu ché

Tir bi€u thite (6.15), chiing ta thy ring néu dé sau diéu ché m = 1, thi hon 66% cong suft cla
tin higu danh cho thanh phén séng mang, chi c6 gdn 17% cong suft cla tin hi¢u dé tai thong tin
{(mot dai bién). Néu do sau diéu ché m < 1, thi viéc phan phéi cong suat dé€ tai théng tin con
giam hon nifa, ching han, m = 1/2, thi gdn 90% cong sudt tin hi¢u danh cho thanh phén séng
mang, chi ¢6 hon 5% cong suét ciia tin hiéu dé tai thong tin.

Cang tir bi€u thite (6.15), chiing ta thay ring khi diéu ché sau, tic 12 d6 sau didu chdm > 1, thi
cong sudt cua thanh phdn séng mang gidm di. Nhung d6 rong phd ciia tin hieu AM tang lén
nhiéu ldn, ching han, W, = 6B =3W, . & ddy W[Hz] - k¢ hiéu do6 rong phd tin s6 cia tin
hiéu AM, con B[Hz] - ky hiéu do rong phé cha tin tie (trong trudng hop don gian ndy, B = F).
b). Phé bién dé-tdn 6 cia tin hiéu AM da am

Phé bien do-tan s6 ciia tin hiéu AM da am, c6 thé suy ra tir phd bién do tan s6 clia tin hieu AM
don 4m vira nghién citu & trén.

TBién do
Yo m U,/2
m<] k
0" 3400Hz = £, . f
300Hz S ————
B W=2B
T Bién do
m<1 FUU
'\ s
B _ W=2B

(-42)MHz  (f+4,2)MHz

Hinh 6.6. Pho bién do-tin sé cia tin hiéu AM tiéng néi va hinh anh.
Cén chii ¥ ring, trong truéng hop nay, tin hiéu dem diéu ché ¢6 n thanh phin tdn s6. Méi
thanh phdn tén s6 c6 do sau diéu ché cia rieng minh, duge k¥ hiéw 1a m,. Vi thé cdc vach phd

2
m, U ca aem -
bién c6 bién d6 xdc dinh theo cong thic: [ "2 0 J . Trén hinh 6.6, chiing ta biéu di&n phd bien

do-tdn s6 clia tin hieu AM, véi tin titc dem diéu ché 13 tin hiéu ti€n} néi c6 do rong phd B = (300
+ 3400)Hz va tin hi¢u hinh anh ¢6 d6 rong phd B = (0 + 4,2) MHz.
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Vdi tin hiéu ti€ng ndi, sau khi diéu ché bién dg, nhin duge tin hiéu AM cé khoing chién dung
phé W = 2B = 2x3400 = 6.800Hz. Cdn vdi tin hiéu hinh 4nh, sau khi diéu ch€ bién do, nhan
duge tin hiéu AM c6 khoéng chién dung phé W = 2B = 2x 4,2 = 8,4MHz. Nhu vay, khoang
chiém dung phd tin hi¢u AM hinh 4nh qud rong. D& gidm khoang chi€ém dung phd, nhu dudi day
s& nghién ciu, ngudt ta sit dung mach loc dai thong dic biét-loc ddi bién ror- dé cit cut phin 16n
do rong phé cia bien tdn dudi, sao cho bé rong phé vita khép véi dai thong kénh truyén 6MHz
(ké ca phé cilia tin hiéu am thanh).

2.3. Piéu ché bién do vdi séng mang bi triét

Trong mdt vai (ng dung thyc tién, ngudi ta cin tao ra tin hiéu diéu ché€ bien do véi séng mang
bi triét. Mot tin hiéu AM c¢é hai dai bién td4n vdi séng mang bi triét (Double SideBand
Supperssed Carrier- DSB-SC), duge tao ra bang cdch nhan tin hiéu dem diéu ché€ s(t) vdi séng
mang, véi diéu kién s(t) khong cé thanh phdn mét chiéu, nhu sau:

U psgsc (1) = Ugs(t)cos(2af.t + 6) 6.16)

Khi dem so sdnh tin hiéu DSB-SC véi tin hiéu AM, thi phdn trdm diéu ché& 1 1a v6 han, vi
khéng c6 thianh phin séng mang. Toin bo cong sudt cla tin hiéu ding dé tai thong tin (mdi dai
bién 50%). Tuy nhién, khi gidi diéu ché& cdn sir dung mach giai diéu ché tich, vi the gid thanh s&
cao hon nhiéu mét mach tdch séng dudng bao bién do.

+ Bién do
s(t) don &m
| \ |
OBien do to f
W
s(t) da &m
=i — 1.
5 _
wW=2B

Hinh 6.7. Phé bién do-tin sé cla tin hiéw DSB - SC,

Phé bién do - tdn 56 cha tin hieu DSB - SC chi ¢é hai dai bien. D€ giai thich diéu nay, chiing
ta iai bat ddu véi trudng hop don gidn nhat, tin hiéu dem diéu ch€ chi ¢6 mot thanh phin tdn so
(a tone). Luc d6, biéu thitc (6.16) ¢6 thé viét don gidn nhu sau:

upsp_sc () = UgUq cos(2zFt }x cos(27f 1 + 0)

Ching ta trién khai tiép, nhy sau:
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upsp-sc(t) = Acos2n(f, + F¥ + @lcos[2x(f, -

(6.17)

R4 rang biéu thitc (6.17) chi c6 hai thanh phén tdn s6 13 Je. £ F . Vihé, phé bien do tin s6,

khi xay dung, xudt phit tir bi€u thiic (6.17), cling nhur tir biéu thic (6.16) véi s(t) c6 nhiéu thanh

phén tin 58, duge biéu dién trén hinh 6.7.

Néu s(1) 1a tin hi¢u sd, thi phép nhan (6.16), ké&t qua cho tin hiéu diéu ché& pha hai mic, ma

chiing s& xét sau nay.

2.4. Piéu ché bién do - don bién

Khi nghién cttu phd bién do-tdn s6 cia tin hiéu AM, ching ta thdy réng phd clia né c6 hai dai
bien (bien trén va bien dudi) ciing chifa mot lugng thong tin nhu nhau, hay néi mot cdch, chi cdn

mot dai bién cling ¢6 thé khéi phuc lai tin tite ban dau, tic 1 c6 thé bd di mot dai bién,

Ching ta ciing nhan thiy vé mat phan b& cong sudt clia tin hiés AM cho cdc thanh phén tdn s6
rdt khong déu nhau. Vi thé, dé toan bo cong suat cha tin hi¢u c6 thé sir dung cho truyén tai théng

tin, trong pho bién d-tdn s& cdn loai bo di thanh phdn s6 séng mang.
Bién d¢
SSB-AM véi bién tdn trén

0 s f—
B 3,4KHz W=B
300Hz f +300Hzfc+3 4KHz
" Bién do
SSB-AM véi bién tdn dudi
T ]
o, c_,
0= :w B. fe
ot 300H
300Hz" AKHz f -3,4K ‘

Hinh 6.8. Phé bién d¢- tdn s6 ciia tin hi¢u SSB - AM tiéng noi.

Keét qui, ching ta c6 tin hieu diéu ch€ bien do don bién (Single SideBand Amplitude
Modulation - SSB-AM). Tin hi¢u SSB - AM véi séng mang bj triét thuong duge sir dung trong

thure tién nhat.

Tin hiéu SSB - AM ¢6 thé thyc hién bing mot trong ba giai phép k¥ thuat sau:

- Phuong phdp loc (filtering method);
- Phuong phdp quay pha (phasing method);
- Phuong phép lai ghép clia hai phuong phép trén.
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Phé bién do tan s6 coa tin hidu SSB - AM, khi sit dung dé diéu ché tin hiéu ti€ng ndi, nhu
hinh 6.8.

Tir hinh 6.8. ching ta thdy ring SSB - AM cho k&t qua nhu la dich chuyén, hodc dich chuyén
két hop vé6i déo clia phd tin hiéu tiéng ndi. Bién do cha tin hiéu ti 1& v&i bién do cla tin higu
tiéng néi. Vi khong ¢6 thanh phan tan s8 séng mang, cho nén khong dinh nghia do sau diéu ché.
Toan bo cong sudt clta tin hiéu dung dé truyén tdi thong tin.

So véi tin hién AM, tin hiéu SSB-AM c6 chién dung phé chi bing mot nira, tic Wesg 4 = B.
Tuy nhién, gidi phdp k¥ thuat & ca phia phdt, cling nhu phia thu, déu phic tap hon, Vi thé, tin
hiéu SSB - AM, chil y&u chi thich hop sir dung cho muc dich quan su.

2.5. Diéu ché bién do, vdi dai bién rat

Trong k¥ thuat truyén hinh quang b, dé truyén tai tin hiéu hinh anh, néu thue hién diéu bién-
AM, hoac DSB - SC, thi pho t4n s clia né qua rong, nhu chidng ta da thdy trén hinh 6.6. Néu sir
dung SSB-AM, thi gidi phap k¥ thuat qua phuc tap, dan dén gid thanh s& dit. Vi thé, ngudi ta sir
dung giai phdp diéu bién ror (Vestigial SideBand - VSB). Tin hi¢u VSB cé thé thyc hién tir tin
hieéu AM (hodc DSB - SC), nho mét mach loc dai théng dac biét- goi la mach loc bién ror. Mach
loc bién rét ¢6 tic dung lam suy gidm (cét cut) phén 16n phd bién tdn dudi. Ham truyén cla
mach loc bién r6t, ciing nhur dién gidi tdc dung cia nd duge trinh bay trén hinh 6.9.

Tin hieu VSB duge biéu dién bang biéu thic:

Spsg (1) =t 404 (1) * A1) (6.18)
trong d6 u 44, (£) - tin hiéu AM, h(t)- ddp umg xung ciia mach loc bien rét, ddu *- chi phép tich
chép.

Trong mién tin s6, phd cia tin hiéu VSB duge xdc dinh bang biéu thiic:

Sysg(S) =S ap (N)-H) (6.19)
trong d6 S,(f) - phé bién do- tdn s6 cla tin hidu AM, con H(f) ham truyén clia mach loc bién
rat.

Ham truyén cha mach loc bién rét H(f) c6 dac tinh bing phang trong khodng tdn s&:
fo+ fa £ € Fpay trong d6 Fo,,- 12 gi6i han tdn s6 trén clia mach loc, Fipa, > B, v6i Bdo
rong tin s chia tin hiéu hinh anh va cit vdt trong khodng tdn s6: f, — fa < f < f. + fa.

Tham s6 £, trong thue tién duge chon bang 0,75MHz.
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Tin hi¢u | Mach diéu }LML‘L—Mach loc | SusaD)

hinh anh, bien-AM | . bien rét
a). Bo tao tin hiéu VSB
,|, Bién do
| b)
- ;
TH(f)
‘ <)
LA
0 f
TBién d¢
| 0
M
\J f

Hinh 6.9. Bo t20 tin hiéu VSB a) va qua trinh hinh thanh phd VSB: b) phé
tin hieu AM, c) ham truyén mach loc bién rét, d) phé tin hiéu VSB.

D¢ giai diéu ch€ tin hiéu VSB thudng sir dung mach tich s6ng dudng bao bién do (cting c6 thé
sir dung mach tdch séng tich).

2.6. Diéu ché¢ bién d bang tin hiéu sé (ASK)

Khi thyc hi¢n di€u ché bien d¢ voi tin hieu dem diéu ché 1a tin hiéu s6, thudt ngir ti€ng Anh
80t 1a Amplitude Shift Keying-ASK-Khéa dich chuyén bién d¢. Tin hi¢u ASK nhan duge bing
cdch nhén tin hi¢u dem didu ch€ s(t) v6i séng mang, nhes so dé mach nhu hinh 6.10. Liic dé, tin
hieu ASK biéu dién bdi biu thic:

Uy cos(2af 1 + 6) s(t)y =1
U 55 (1) =Ups(e) cos(2fgfct + 9) = (6.20)
0 s()y=0

So d6 mach nhan nhu hinh 6.10, duge goi 1 so dé khda ON- OFF- khéa Bat-Tat. Khi s(t) =1,
khéa K & vi trf déng- ON, dao dong mang dugc truyén dén khéi khuéch dai song mang, dé
khuéch dai hodc bién do, hosc cong sudt. Khi s(t) = 0, khéa K & vi tri ngét- OFF, dao dong mang
khong dugc ndi ra ngoai. Két qua & ddu ra khong ¢6 tin hiéu.

Dang song cua tin hiu ASK duoe bi€u dién trén hinh 6.10.
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Hinh 6.10. So d6 khdi mach tao tin hiéu ASK, hinh séng va ham PSD ciia nd.
Khi x4dc dinh him mat d6 phd cong sudt- PSD cia tin hiéu ASK, chiing ta gia thict ring s(t) 1a

mot thé hién cha QTNN dimg, 6 céc dic tinh nhu da xét trong myc 6 chuong 5. Vi thé ham
PSD x4c dinh b&i biéu thic:

S(22f)= U&Tm 621)
@y |

P46 thi ham PSD duge biéu dién trén hinh 6.10 (duéi cdng). Khodng chi€ém dung phé tin s6
cia tin hiéu ASK béng 2B.

So d6 khéa ON- OFF duge sit dung dién hinh trong thuc tién [a bo phét /aser tao tin hi¢u dnh
sdng & mach chuyén doi dién/quang, trong card mang théng tin quang. Trong dé, mach tao dao
dong mang 14 bg phdt laser ban ddn, con tin hiéu s(t) déng vai trd nguén bom. Khi s(t) = 1, b6
phét laser bdn ddn di didu kién dao dong va phdt ra xung dnh sdng, con khi s(t) = 0, bé phdt
laser bdn ddn khong d diéu kién dao dong, nd “tac"” ra bong t6i.

2.7. Diéu ché bién do xung (PAM)

Trong muc ndy, ching ta nghien ctu vin dé diéu ché bién do xung (Pulse Amplitude
Modulation-PAM) biing tin hi¢u twong ty, ching han, tin hiéu ti€ng néi, v&i myc dich dé trinh
bay dinh Iy ldy mdu (dinh 1§ Harry-Nyquist, hay con goi 12 dinh 1y Kachennhicdp).
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Nguén tn | sty fgalen L_Y(tl__

[ we | __xung | (PAM)
_ +
:‘ Bo tao chudi | X(1) J
xung mau
1s() — Tfién do
> |— 5
OI .\_ _Hf/T t O Fmax f
A I
x(t) Bién do
~ T T
L 11171] 1
— T t 0 £, 2f, f
yo o o +~ Bién do
T f/2
ais LY
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Hinh 6.11. So @6 khéi mach tao tin hiéu PAM, hinh séng va phé cva né.
Tren hinh 6.11, & trén ciing, trinh bay so dé khéi mach di¢n diéu ch€ bién do xung- PAM.
Trong d6 s(t) 12 tin hiéu trong tw, c6 phé tdn s6 hine han, titc 13 phd tdn s6 x4c dinh trong khoéang

f= (0 + Flax ), vGi cdc thanh phin tdn s6 f > F,,, s& bd qua. s(1) dugc goi 1a tin hiéu dem ldy
mdu. x(t)-dugc goi 1a chudi xung mdu, trong trudng hop 1Y tudng, né 13 chudi xung delta-Dirac -
5(!). Chu ky cda chudi xung miu ky higu T, [sec]- duge goi 1a chu k¥ 18y méu, con nghich dao

cua nd la tan s6 ldy méu- £ = ?— [Hz]. Trén hinh 6.11, & bén trai, biéu dién céc tin hiéu s(t),

£
X(t) va y(t} trong mién thoi gian. Cling trén hinh 6.11, & bén phai, bi€u dién cdc tin hieu s(1), x(1)
va y(t) trong mién tdn 56, trong hai trudng hop:
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a). Khi t4n s& 14y mau £, 16n hon (hodc bing) hai lan tdn s6 cye dai F., cha tin hiéu dem lay
mau, tic 1 £, = 2F__ (6.22). Liic d6, phé tan 56 cba tin hiev PAM khong x4y ra hién tugng
“chéng phd", vi thé khi khoi phuc nhd mot mach loc thong thip cé tan s8 cat thich hop
(F_ <F, < f, /2), hoan toan khoi phyc dugc dang song ban dau.

b). Khi tdn s6 1&y miu f, nhd hon hai ldn tdn s& cuc dai Fi,, cua tin hiéu 1y mau, tic la
£, <2F 0 (6.23). Liic d6, phd tan s6 cua tin hieu PAM xdy ra hién tugng “chdng phd”, hay
con goi 1a “canh phd™ aliasing. V1 thé, voi mach loc thong thap khong ¢6 thé khoi phuc lai
chinh xdc dang séng ban dau.

Diéu kien: f, = 2F, (6.22a) dugce goi la diéu kién cla dinh 1y 1ay mau.

3. CAC TiN HIEU PIEU CHE TAN sO

Chiing ta nhic lai ring diéu ché tn s6 1a cich thic ghi tin higu dem diéu ch€ s(t) vao tan s6
clia dao dong mang, 1am cho tdn s6 clia dao dong mang thay déi theo quy luat cua st), lic dé ta
c6 tin hiéu diéu ché tdn s&. Thy theo, s(t) 1a tin hieu tuong ty, hay dd 56 héa, ching ta cd tin hiéu
diéu ché tdn s& khac nhau.
3.1. Diéu tin bang tin hiéu tuong tur (FM)
a). Biéu thitc cua tin hiéu FM

Trude hét, chiing ta nghién ciru diéu ché tan s6 bang tin hiéu tuong ty, thut nglt ti€ng Anh goi
1a Frequency Modulation-FM. So d6 mach dién nhu hinh 6.12, & trén ciing. Phén tir co ban cla
mach dién 1a VCO - Voltage Controlled Oscillator, dugc hiéu 1a: mach tgo dao déng, ma tdn 56
ciia né diuge didu khién boi dién dp ngoai. Khi dé, tdn so6 tite thoi do VCO tao ra, duge xdc dinh
bing biéu thite:

f(=f. +as(t) (6.24)

trong d6 a - hé 8 ti 12. Tir biéu thirc (6.24), ching ta thay ring quy luat bién thién clia tan s6 tic
thoi f{r) hoan toan phi hop theo quy luat bin thién ciia cia tin hiéu dem diéu ch€ s(1). Tuy
nhién, do ¢6 them thanh phin £, cho nén gid tri trung binh ciia f{z) chinh la f.. chit khong phai
bing khong. Bidu thic pha tic thdi clia tin hi¢u duge xdc dinh theo (6.3), ¢6 dang:

O(1) = 27 [ f ()t = 2,1 + 27 |s()dlt + 6 (6.25)
DE don gian, chiing ta trudc hét, xét tin hieu FM v6i s(1) 1a tin hiéu don am, tiic la:

s(t) = Ug cos(27Ft) {(6.26)
Khi dé biéu thirc pha tic thdi cia tin hiéu FM ¢6 dang:

D) = 27f .t + "LP":Q sin(27Ft)+ 8 (6.25a)
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Khong mt di tinh tdng quét, khi chiing ta gia thiét ring goc pha diu 8 =0.

s

N S
’ N ‘

| | u® fit
s()y = VCO |—» RN
-l f; + A.f;nax! / \\\\

VCO= Voltage Controlled c \ /’ t
Oscillator .= Ao \\_/

|
R A R A Y
I W=4F " W =10F .

Hinh 6.12. So dé6 khoi mach tao tin hiéu FM, hinh song va phé ciia né.
Bi€u thic ciia tin hiéu FM, trong trudng hgp don gidn nhét, c6 dang:

Ug .
upg () =Ug cos[2iyfc! +2 FQ SIH(2JTFI)) (6.27)
A . .
Chiing ta dat m = Vg = J;ﬂ (6.28),- goi a chi 56 diéu tdn, trong A6 Af ., - g0i 1a do
di tdn cyc dai, cdn F- tan s6 cla tin hiéu dem diéu ché&. Biéu thitc (6.27) viét lai nhur sau:
up (1) =U, cos(279’cr + msin(22Ft)) (6.27a)

Dang séng cua tin hig¢u FM, véi dang séng cta tin hi¢u dem diéu ché s(t) cu thé, duoc bidu
dién trén hinh 6.15 & dusi day.
b). Phé bién do-tdn so cia tin hiéu FM

Dé xdc dinh phé bién do-tdn s cira tin higu FM, ngudi ta thudng phan tich bidu thic (6.27a)
thanh chudi cdc ham Bessel, nhu sau:

u,, t)=U, fJ,, (mycos2z(f, +nF )] (6.27b)

H=—c0
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trong 46 J, (m) - ham Bessel logi 1, bdc n, déi s6'm. Gid tri c¢lia cdc ham J, (m) dugc trinh bay

dudi dang bang, hodc dé thi nhur hinh 6.13. Vi bac n nguyén, cac ham Bessel loai 1 c¢ dac tinh:

J_,(m)= (—1)".],,, (m) (6.28)
A (m)
i.0 T T T T
os |- JLm) —
Jr(m)
a.6 -
J’(m?l,(m)
L(m)
0.4 My my
0.2 - -]
m
e 2 <+ (3 19
-2
-0, 4 \ { ]
o 2 & & 8 1o

Hinh 6.13. P thi cdc ham Bessel loai 1 bac n, ddi s6 m.
Nhe biéu thitc (6.27b), bi€u thic (6.28) c6 dang mdi nhu sau:
upy ()=, {Jo(m)cos(2rg‘ct)+ Ji(mycos(2z( £, + F)! ~-Ji(mycos(2a(f. - Fy +
| Jo(m)ycos(2r(f, + 2F)t)+ J, (m)cos(2a( f, —2F)t)+... | (6.27¢)
Tir biéu thirc (6.27c¢), chiing ta nh4n thay tin hiéu FM c6 cdc thanh phan sau:
- Thanh phdn thit nhét, ¢6 bien do: U yJ o (m), tdn s6 f,. - goi 1a thanh phan tdn 56 séng mang;
- Thanh phén thif hai, c¢6 bién do: UgJ;(m), tdns6 f, £ F - goi la thanh phdn hai bdc 1 (6 hai
hai bac mot);
- Thanh phén thit ba, ¢6 bién do:UyJ5(m), tdn s6 [, + 2F - goi 1a thanh phén hai bdc 2 (c6
hai hai bac hai);
A
Chung ta lai nhan thdy ring bién do clia cc thanh phdn tdn phé phy thudc vio chi s6' diéu ché
m. Tuy thudc vio m, ma bién do ciia cdc thanh phdn tdn phd ¢6 gid tri khdc nhau, thdm chf bing

khong. Hon nita, v6i chi s6 n cang 16n, néi chung bien d6 clia cdc thanh phin hai cang nho, c6
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thé bd qua. Tren hinh 6.12, phia dudi cling, bi€u dién phé bién do-tdn s6 cha tin hiéu FM, véi hai
gid tri clla m 1a 0,5 va 3. Trong hinh vé nay, ching ta sir dung ky hieu Ji= /[, +iF, con
—fy=f.—iF V6ii=1,2, 3.

RG rang, khodng chiém dung cia phé tén sé trong hai trudmg hop 1a khéc nhau, gi4 tri ctia m
cang I6n, thi W cang rong. Tén tai cong thic Carson dé xdc dinh khodng chiém dung phd tdn s&
cua tin hiéu FM, nhu sau:

Wey =2(m+2)B (6.29)
trong d6 B - bé rong phd cla tin hiéu bang co s dem diéu ché,

Can chd ¢ ring khi tin higu dem didu ché s() c6 nhidu thanh phdn t&n s6, thi mdi thanh phén
tdn s6 cho mot chi s6 diéu ché m twong tng, cing mot hinh anh phé tuong tmg. Phé chung 1a
xép chdng cta cdc phé thanh phan.

3.2. Dién tan bang tin hiéu s¢ (FSK)

So dé tao tin hiéu khéa dich chuyén tén s FSK (F requency Shift Keying), ciing tuong tu nhu
s d6 tao tin hieu FM, chi c6 diéu khéc bi¢t, & dy s(t) 1a tin hiéu nhj phan.

Mach VCO tao ra tin hiéu véi tdn s6 tirc thoi c6 hai gi4 tri nhu sau:

h=J.+4f s(t) =1
S =f. +as(t) = (6.30)
Jo=/f. -4&F s5(H=0
Biéu thic ctia tin hiéu FSK v6i pha lién tuc, duge xic dinh nhu sau;
Ug cos(2afit +6,) s(ty=1
u gk () = 6, =6, (6.31)
Uq cos(2rfyt + 0,) s{(f)=0

Tin hi¢u FSK véi gia thi&t nhu trén, dugc £oi 1a tin hi¢u khéa dich chuyén tdn s6 véi pha lién
tuc (Continuous Phase- CP-FSK). Ngoai tin hiéu CP- FSK, hay duge dé cap, ciing t6n tai tin
hi¢u FSK véi pha khong lien tuc NCP - FSK.,

Khi nghien ciu tin hiéu FSK, ngudi ta ciing dinh nghia chi 56" diéu tén, nhu sau:

m=2Af=2Af=2Af
/T R B
trong d6 R = 1/T- van tSc bit, cdn B - bé rong phd tdn s6 ciia st).
Trén hinh 6.14 biéu dién so dé khéi mach dién tao tin hiéu FSK, hinh séng cta cic tin hiéu s(t),

(6.32)

f(t) v upg(t). Hon nifa, hinh séng cva tin hién FSK duge vE véi gia thiét 8, = &, =0, gid ui
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e . 2 1 C e, .
cdc tin s6 duge xic dinh nhu sau: f] = ?, Jo= ? véGi T- 1a thoi gian bit cta tin hiéu dem diéu

ché: gia thigt cudi cing 1a cdc song c6 dang Uy sin(a),-r).

o
—

_ [
| t i .
“ s(t) H VCO 1-2?2’5() f ) I

VCO - Voltage Controlled
Oscillator

W = 2(Af +1/T)

Hinh 6.14. So dé khoi mach tao tin hi¢éu FSK, hinh song va PSD cia né.

Tren hinh 6.4 ciing bifu dién ham PSD cla tin hi¢n FSK. Khi xay dung ham PSD chiing ta
gia thiét ring chudi bit s(t) 1a mot thé hieén cllia QTNN dimg, ¢6 cdc dac tinh da xét @ myc 6
chuong 5. Ham PSD ciia tin hiéu FSK coi Ia x€p chéng cia hai ham PSD; mot cua tin hi¢u ASK
c6 tAn 6 mang f,, con ham kia cha tin hiéu ASK khac v6i tn s6 song mang f,.

B4 rong phd tdn s& FSK duge xdc dinh:
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1
Wesk =20 +?) (6.33)

wong 86 Af = fy - f. = £, — fy =D L0

Tuy thude vao gid tri cha chi s6 diéu tdn m, ma khodng chién dyng cia phé t4n s6 tin hiéu
FSK s& khdc nhau.
4. CAC TIN HIEU BIEU CHE PHA

Tin hiéu di¢u ch& pha, ciing nh tin hiéu diéu tdn goi chung la tin hi¢u diéu ché géc. Ching
cling 6 thé phan chia thanh hai dang: diéu ché.bing tin higu twong tu va diéu ché pha bing tin
hiéu s6.
4.1. Biéu ché pha béng tin hi¢u twong tw (PM)

séng mang tfn hiéu dem diéu che" . séng mang tin hi¢u dem diéu che

Yy

\ Bi
TN /’f‘“~’/ \ //

tin hieu FM tin hiéu PM

ML

Hinh 6.15. Tin hié¢u diéu ché tdn 56 (FM) va diéu ché pha (PM).

Thuat nglt ti€ng Anh goi dang diéu ché bing tin hiéu tuong v 1a Phase Modulation-PM.

D¢ thdy 16 mdi quan he giita diéu ché tdn s§ va diéu che pha bang tin hiéu tuong ty, ching ta
so sdnh bing bang dudi.

Nhu vay, khi di¢u ch€ tdn s6, thi tdn s6 titc thi 1f 1€ tryc ti€p véi s(t). Con khi didu ché pha, thi
tan & tidc thivi ti 18 véi dao ham cla s(t) theo thoi gian.

Tir cac mdi quan hé ndy, ching ta thay ring c6 thé thuc hien diéu ch& tdn s6-FM, gidn ti&p
thong qua diéu ché pha-PM; néu trudc mach diéu ché pha, tin hiéu s(t) duge cho qua mach tich
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phan v6i he s6 truyén thich hop, nhu biéu dién trén hinh 6.16a). Ngugc lai, c6 thé thyc hién diéu
pha- PM, gidn tiép thong qua diéu ch€ tdn s6- FM; néu trude mach diéu ché tin s&. tin higu s(1)
duoc cho qua mach vi phan véi hé s& truyén thich hgp, nhy biéu dién trén hinh 6.16b).

Piéu ché tdn 56 - FM Piéu ché pha - PM
Tins&tic thoi  f(¢) = f, +as(t) | Phaus thdi D) =241 ¢ +as(t)+ 6

Pha tirc thoi (1) = 27 [ £ (1) Tin 56 tic thdi (1) = 1 a0()
27 Ot
O(f) =27f t + 27 |s(t)dt + 6 ]
.[ j.(t):fc+2ias(r)
T Ot

Pé thay 18 m6i quan hé nay, trén hinh 6.15 biéu dién dang séng cla tin hieu FM (bén trdi), va
PM (bén phii) thay déi phu thudc vao tin hiéu dem diéu ché s(t) cu thé.

O [ogar | pu U@ 5O, a;(t)[l Jov [P
) LA
a). FM théng qua PM b). PM thong qua FM

Hinh 6.16. Thure hién FM thong gqua PM a) va nguoc lai b).
4.2. Piéu ché pha bang tin hiéu s (PSK)

Phuong 4n don gidn nhat khi thyc hién diéu ch€ pha bang tin hi¢u s6 14 thyc hién nhén tin hi¢u
dem didu ché s(t) véi dao dong mang u(t), nhy mot mach nhan nhu hinh 6.17. K€t qua clia phép
nhan nhan'duge tin hi¢u v4i hai mic dich pha, goi 1a khda dich pha hai micc-BPSK (Binary
Phase Shift Keying).

Biéu thirc cia tin hiéu BPSK dugc xdc dinh nhur sau: |

U gpsk (1) = Ugs(t)cos(2af,1 + ) (6.34)

Mot mach nhan thuong duge sir dung 1a mach cdu vong bao gdm hai bién 4p T1, T2, bon didt
P1, D2, B3, P4. Tin hieu s(t) duge néi: mot ddu vao diém gitta clia cudn thif c4p bien dp T1, ddu
kia néi vao diém giifa ciia cudn so cdp bién 4p T2. Tin hiéu s(t) d6ng vai trd tin hieu didu khién
déng, ngdt cic cap diot dé thay déi pha dao dong mang khi truyén qua mach.

Khi s(t) = 1, gia thiét ring dién thé & diém A cao hon dién the & diém B, titc 1a: @A) > ¢(B).
Lic d6, diot P1, B3 phan cuc thuan, va cho ring néi trd.clia ching bang khong; con diot D2, b4
phan cuc nguoe, va cho ring noi trd clia ching béng v6 cling. Vi thé, dao dong mang tir ddu vao
(bén trdi) truyén thing qua mach, v6i pha khong bi thay déi.
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Khi s(1) = 0, chiing ta c4n gia thiét ngugc lai, dién thé & diém B cao hon dien thé & didm A, tiic
la:p(B) > ¢(A). Lic nay, diot D2, D4 phan cuc thuén, c6 noi trd bing khong, con diot D3, P4
phan cwe ngugce, c6 noi trd bing vo cung. Mach thue hién truyén theo dang bdr chéo, vi vay dao
dong mang tir ddu vao (bén trdi), truyén qua mach véi pha bi thay déi 180°,

Két qua, hinh thanh nén tn hiéu v6i hai mic dich pha {0 va m). Trén hinh 6.17 biéu dién dang

séng cla tin hiéu BPSK, véi gia thist dang séng hinh sine, c6 géc pha ddu 6 = 0, con tin s§
mang f, =1/T. Trén hinh 6.17 cling biéu dién ham PSD cia tin hiéu BPSK. Khoang chién

dung phd chinh (cting goi 12 khodng phé N yquist) cla tin hiéu BPSK a:
Wyp = 2B (6.35)

S
s(t) — > u(t) ' ‘

a)

pp U4 e ]
b |

W=2B

Hinh 6.17. So d6 khoi mach tao tin hiéu BPSK, hinh séng va PSD cia né.

Ngudi ta cfing thuc hién tin hi¢u diéu che pha v6i nhi€u mic thay déi pha, ky hiéu 1a MPSK,
véi M = 4, 8, 16,...Khi d6 mifc dich pha clia hai trang thdi lién tiép 1a: 90°, 45°, 22,5°. Muén
vly, trude khi diéu ché cdn thye hién cdc xir 1y tin hiéu bang co s& thich hop va chuyén déi tin
hiéu nhj phan thanh tin hiéu L mitc bién d0-DAC (Digital-Analog Converter) (xem hinh 6.20).
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Céc mach thuc hién tin hiéu MPSK khé phifc tap, doc gia c6 thé tham khao & céc tai liéu khac,
ching han, [4].

Trén hinh 6.18 trinh bay chom sao clia mot vai tin hi¢éu khéa dich pha. Ciing trén hinh 6.18
(hinh du6i ciing) trinh bay hinh séng cta tin hiéu 8PSK. Tin hi¢u nay c6 hai mic bién do va 8
mic dich pha. Khoang chiém dung phé tdn s6 cua tin hiéu 8PSK chi bang hai phén ba do rong
phé tan s6 ciia tin hiéu dem di€u ché, tifc la:

2
Wepsk = 3 B (6.36)

a) Chom sao cua tin hi¢u MPSK

: T
|
.

! ._/. ' \ ‘ ’

. . { L "5 P

‘ .‘I"\ | ;f"':

| \T/'
BPSK 4PSK 8PSK

b) Dang séng cua tin hi¢u 8PSK

e g LW e

il abl e LR g
T 00001 0110

Hinh 6.18. Chom sao cia cic tin hiéeu MPSK va dang séng ctia tin hiéu 8PSK.

5. TIN HIEU DIEU CHE BIEN B0 CAU PHUONG (MQAM)

Cic tin hiéu diéu ché bién do cdu phuong (Quadrature Amplitude Modulation - QAM) 1a mot
trong cdc dang diéu ché tin hi¢u tién tién nhét hién nay, vi hiéu sudt sir dung phé tén s6 cao clia
ching.

Hiéu sudt sir dung phd tan s& clia mot tin higu diéu ché duge dinh nghia béng cong thitc:
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R | bit/sec
=— 6.37
n W[ 72 } ( )

Ciing van t6c bit R cua tin hieu dem diéu ché, dang diéu ché nio tao ra tin hiéu véi khoang
chi€m dung ph6 tdn s& nh6 nhat, s& ¢6 higu suat st dung phé tin s6 cao nhat.

Trén hinh 6.19a) trinh bay so dé khoi mach tao tin hiéu 4QAM., Mach bao gém:

1). Chuyén déi chudi bit s() tir dang ndi ti€p thanh hai chudi symbol song song, ky hiéu s,(t) va
s,(t). Hon nira, chudi bit s(1) c6 thifi gian bit Ia T, van téc bit 1a R=1/T. Cac chudi symbol song
song, ¢6 thoi khodng symbol 1a 2T, vi vay van 16¢ symbol 1a Ry = % = g Chudi ky hiéu
$,(t) chdm pha so v6i chudi k¥ hiéu s,(t) mot khoang thoi gian 12 T.,/2. Nhénh trén cia so dé
(truyén chudi ky hiéu s,(1)), duge goi 12 nhdnh I, cdn nhanh dudi (truyén chudi ky hiéu s,(1)),
dugc got 1a nhdnh Q.

2). Mach DAC: mach chuyén déi tin hiéu nhi phan thanh tin hi¢éu L mic bién dé (xem hinh
6.20a)). Khi diéu ch& 4QAM khong sir dung.

Cong doan 1 va 2 duge goi 1a cong d(;an xit Iy tin hi¢u bdng co sd. S0 d6 4QAM, ciing con goi
12 so d6 QPSK, cdn néu v6i nhinb Q cha so dé ¢6 mac theém bo tré T,,/2, chiing ta c6 so dé
0OQPSK.

3). Mach nhan chudi ky hiéu s(t) véi dao dong mang. Mach nhan ndy ciing thudmg goi 1a mach
diéu ché can bang. Dao dong mang gém hai thanh phén c6 pha tryc giao nhau, vi thé mach diéu
ché cd ten cdu phicong (Quadrature).

4). Mach céng thyc hién phép cong hai tin hiéu.

Trén hinh 6.19b) trinh bay hoat dong clia mach chuyéh ddi néi ti€p thanh song song. Céc bit
clia s(1), ching han, duge dénh s& thit ty 1, 2, 3, 4,...Khi dé cdc bit ¢6 s6 thit tw 1€ s& chuyén
thanh cdc symbol cha s(t) vd md rOng thdi khoang symbol thanh 2T. Codn cdc bit ¢6 s6 thit ty
chdn s& chuyén thanh cdc symbol cia s,(t) v md rong thoi khoang symbof thanh 2T.

Céc mach diéu ché can bdng tao ra cdc tin higu BPSK tuong tmg nhu sau:

M\(0) = Uys, (t)cos(2af 1 + 6)
M, (1) = Uysy (1)sin27f.t + 6)
Phép cOng hai vécto, dé tao thanh tin hiéu 4QAM, nhu sau:

Fagap (1) = EML (1) + My (1) = RU s (1) cosQf,1 + 0)+ U 55 (1) sin(2f,t +6)
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a). Bo diéu ché 4QAM

$,(t) DA M, (1) |
B S |
| Chuyén | Uy coso,t +6) ®
s) | déinsi | o U
tiép-song _E?i
___son
5 o
| ‘DAC:
sz(t) S
b). Chuyén déi néi ti€p-song song
s(t)
1100 T‘ T e T M,
T " - f
5,00 R
1 o | .- . M, (1)
2T t
5,0
i
0 t

Hinh 6.19, So dd fnach dién ché 4QAM va PSD cua né.

Két qua ctia phép cong hai vécto, s€ tao ra tin hiéu cé 4 mic dich pha, nhu trinh bay trong
bang dudi:

s@ |+ - — +

5y ([) + + - -

Agp /4 3n/4 Sn/4 Trid

Trén hinh 6.19, du6i ciing, trinh bay ham PSD cfia tfn hiéu 4QAM. Khoang chi€m dung phd
tdn s6 duge x4c dinh:

W,
Waoam = 7" =B (6.38)
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trong d6 W, dugc hiéu 12 khodng chiéh dung phd tdn s6 ciia tin hi¢u BPSK khi diéu ch& chuéi bit
s(t) ¢6 cung toc dd R (hodc cang B).

Khi thyc hién diéu ch€ bién d¢ ciu phuong M mifc, cn tién hanh trén méi ahinh song song
cdc mach chuyén déi tin hiéu nhi phn thanh tin hi¢u L mic bien do (mach DAC). Trén hinh
6.20a) bi€u dién cich thitc chuyén d8i tin hieu nhj phan thanh tin hiéu 4 mitc bién d6. Con hinh
6.20b) biéu dién chdm sao cla tin hitu 16QAM.

Néu chiing ta ky hiéu méi vécto tin hi¢u ciia tin hitu MQAM 13 #(¢) thi ching gém hai thanh
phén: phan thyc- Re va phin do- Im nhir sau:

u(t) = x(t) +iy(1) = |u0)e™ = Re[u(t)]+ i lm[u(r)] (6.39)

trong dé [u(t)l = \/[x(r)]2 +b)(t)]2 - chi d6 16n bién do tin hiéu, con ® = acrtg [x(t)] - chi

1%0)

goc léch pha cla tin higu,

a). Chuyén déi tin hiéu nhi phan b). Chom sao cia
thanh tin hiéu 4 m¥c bién do tin hiéu 16QAM
s(t)

1] R SR

' : "+ Re

Tin higu 4 mic [~ —
¢ ot e o

bién do 11~ 10 ' _____________
00 ° 01 t

T

Hinh 6.20. a) Chuyén déi tin hi¢u nhi phan thanh tin hi¢u 4 mic bién do
b) Chom sao cua tin hiéu 16QAM.

Céc tin hi¢u MQAM c6 khodng chiéin dung phé tdn ¢ duge xéc dinh theo cong thiic sau:
Wvoam = ——-EVO—— (6.40)
log, vM
trong dé W,=2B.
R4 rang, s6 mic diéu ché M cang 16n, thi khodng chiém dung phé tén s6 cang nho va hiéu suit
sir dung phé tdn s& cang 16n. Tuy nhién, kem theo 1 mic do phifc tap clia giat phdp k¥ thuat va
doi hoi cong ngh¢ cao phi hop, ciing nhu nhay cam véi pha dinh bien do.
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6. KHOA DICH CUC TIEU CO LOC GAUSS TRUGC DIEU CHE (GMSK)
Tin hiéu khéa dich cue ti€u (Minimum Shift Keying- MSK) thuc chat 1a tin hi¢u FSK vdi pha
lién tuc (CP- FSK), ¢6 chi s6 diéu tdn cuc tiéu m = 0,5 dé tao thanh tin hiéu ¢é 2 thanh phdn truc

giao nhau.

Trudc hét ching ta cin chitng minh ring chi s& didu tdn cyc tiéu cia tin hiéu CP-FSK 1a 0,5.
Thuc vay, tir biéu thitc (6.31) x4c dinh cdc thanh phén ciia tin hiéu CP-FSK, va tir diéu kién tryc
giao xét & muc 2 chuong 5, chiing ta c6:

T
IU& cos(27f,t + 8)x cos(2afyt + O)dt = 0
0

trién khai tich phin trén ching ta cé:

Ul [sin(br( fi- f{,)r}r 3 {sin(br( h+fo+ 29)7}
2 27(f1 - fo) 2 27(fy + Jo)

Chiing ta c6 f] — fy = 2Af , cdn fi + fy = 2f,. V1 £, rét 16n, cho nén chiing ta ¢6 thé cho

ring thanh phdn thé hai xdp xi bing 0. Nhu vy, diéu kién truc giao dén dén:
) 1 . : . s
sin(27.2AfT ) =0, tir day xdc dinh dugc Af = ZR , hay chi s6 diéu tdn m = 0,5. Cu6i cling,

chiing ta d& chimg minh duge tin hi¢uw CP- FSK véi chi s6 diéu tdn cuc tiéu bing 0,5, chuyén
thanh tin hieu MSK. Tin hiéu khéa dich t4n cye tiéu-MSK c6 thé duge thuc hién nhd mach loc
thong thap- LPF ¢6 ham truyén dat hinh Gauss, v6i déi thong & mitc 3dB, dat tru6e bo diéu ché,
duoc goi 13 GMSK (Gaussian premodulation filtered Minimum Shift Keying), va gidi diéu ché&
lién két.

Trén hinh 6.21, biéu dién so d6 khéi mach diéu ch€ GMSK a), dién giai qud trinh hinh thanh
dang s6ng b} va ham PSD.

Mach chuyén d6i n6i tiép thanh song song c6 chiic ning chuyén déi chudi bit s(t) ndi ti€p ddu
vao thanh hai chudi symbol song song 5,(t) v s,(1) c6 thoi khodng cdc symbol md& rong ra gép
doi, tic 2T, nhir hinh 6.21b).

Mach loc thong thap Gauss vai mifc tdn s6 cit 3dB, img véi dii thong B, cé tdc dung nhu mach
tao dang xung hinh sine (Chiing ta c6 thé giai thich nhu sau: ham truyén cta LPF c6 dang
H(f)=exp(-a.f?), véi a > 0, ddp ing xung h(t) dugc xdc dinh: h(t) = FT " (H(f) =

+

2 : T 2 1/; i 2 .
Iexp(—a. f)exp(2af 6)df =2 Iexp(—af )yx cos(2nf .r)df = ﬁ.exp - 7.[ . Tin
Q

hiéu ddu ra LPF u_ (¢) = u,(#)* h(t), & day u,(t) 1a cdc symbol cé gid +1, hodc - 1, cdn u,(t),
chiing ta ky hiéu 12 x(1), y(t) s& c6 dang séng (gén diing) 12 nira hinh sine, hofic nita ham cosine).
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$,(®) LPF

Gauss

Bo chuyén

song song

LPF
$,(t) Gauss

a). BO diéu ché GMSK
s(t)

1] [3 4] [6 7

S 46i néi tigp/ ) —

Uy cod271)

uGMSK (t)
—

|+ [ BF

Tial T |5
s, (t) ;

80l | t PSD

2.T ;
szz(t)

£

SN

x()

t AT ;-172T f. 1271

y(t)
N\

¢) Ham PSD

b) Céc dang séng

NV

Hinh 6.21. B diéu ché¢ GMSK a), cic dang séng b), va ham PSD c).

DAu ra clia chiing tao ra dang séng x(t) c6 dang nira ham sine, v6i chu ky 4T, tic la:

x(t) = sin(i ﬂ) v6i0<t<T
2T

/T

va dang séng y(t) ¢ dang nira ham sine ciing c6 chu ky 4T. Nhung vi y(t) cham thoi gian 1/4
chu ky, hay chdm pha 90° so vé6i x(t), nén y(t) c¢6 dang ham cosine, tifc 1a:

y()= cos[i %J v6i0<t<T
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. it t . .
Ta biét rang cosj + —] = Co0S s . con sin i—’ri = *£s1n i . D4u = clia s(t) trong
2T 2T 2T 2T

khodng (0, T) chi anh hudng 61 x(1) ma khong anh hudng dén y(t) trong khoang tin hiéu phat (0,

2T). Tiép tuc, ddu + clia s(t) trong khodng (T, 2T) chi &nh hudng t6i y(t) ma khong dnh hudng
dén x(t) trong khoang tin hiéu phat (T, 3T). Tém lai, chudi bit s(t) di¢u ch& luin phién cac thanh
phdn x(1), y(1).
Tin hieu GMSK ¢6 dang:
T (1) = X.x(OU, cos(277,4)+ 7. 3, sin(27f 1)
trong d6 X, ¥ - cdc vécio don vi theo truc x va truc y. Thay céc gid tri x(t) va y(t) & trén vio biéu

thitc nay vA bién ddi, chiing ta nhan duge biéu thifc cla tin higu GMSK:

Ugpae ) = 55{% U, [sin[br[ £+ % R]r] + sin[Zn[ 1~ % R]tﬂ} +
+ J-}{-% U, [sin[2;r[ f.+ % RJI} + sin[lrr[ |- % R}‘ﬂ} 6.41)

. . . . 1
“R& rang, tin hiéu GMSK gém hai thanh phédn truc giao nhau, ¢6 mic di tin Af = " R va4

mifc di pha nhu tin hi¢u QPSK.
Khoéang chi€m dung ciia phd tdn s6 tin higu GMSK xdc dinh theo ham PSD trén hinh 6.21¢).
Bai vi truée khi didu ché cdc ky hieu duge chuyén thanh dang séng sine, cho nén hiu nhu todn

bo nang lugng cia tin hiéu tp trung trong khoang f, £ 0,738, tiic 1a:

Wousk =2x0,75R=15R=138 (6.42)

Tin higu GMSK duge sir dung rong rdi trong thuc tién k¥ thuat: thong tin v¢ tinh, thong tin vi
ba, thong tin di dong GSM.

Sau day chiing ta dua ra so sanh cic so d6 diéu ché: BPSK, QPSK (4QAM), OQPSK va GMSK
vé bon tham 56:

- Hieu sust sir dung phé tdn n [bit/sec/Hz], duge tinh & khoang phé Nyquist;

- Ti 56 E/N,, trong dé E, nang lugng bit, N, /2 mat d6 cong sudt nhiéu (PSD), khi xdc sudt 161
bit P, = 10°%, Xdc sudt 18i bit duge xédc dinh bing cong thifc;

H

o 2o | yon _ LT
Pb—Q{ N, }.lr g 46 Q(y) m}!e dx
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- Anh huéng ctia méo phi tuyén (ching han, do bo khuéch dai cong suat);
- D6 phitc tap trong ché tao (kéo theo gid thanh), duoc xép hang theo A, B, C, D, trong dé mitc
D la cao nhit.

. Hiéu sudt n A’nh hudng Do phirc

S (bit/sec/Hz) - 20 phi tap (gid

. ) it/sec/Hz)- éo phi ap (gid

diéu ché , khiP,=10° | M°P i

Nyquist tuyén thanh)
BPSK 0,5 9,6 D A
QPSK 1,0 9,6 C B
OQPSK 1,0 9,6 B c
GMSK 0,75 9,6 A D

Véi céc tin higu diéu ché, ma két qué tao ra tin hiéu nhiéu mic (bién do va pha), sé c6 hiéu
suat st dung phd tdn s6 1 > 1 (dé truyén 1bit/sec khong yéu cdu dai thong ctia kenh dén 1Hz).
Tuy nhién, trong mot vai dang he thong truyén tin khong thé sir dung chiing, ching han, heé
théng théng tin vé tinh; bdi vi trong céc hé thong truyén tin nhu thé thuong xuyén xay ra pha
dinh sau vé bién do.

7. DIEU CHE OFDM

Diéu ch€ OFDM (Orthogonal Frequency Division Multipplexing) 1a phuong thitc diéu ché s6
da séng mang, trong dé khoang céch tin s§ gilta cdc séng mang dugc xdc 1ap sao cho cic séng
mang truc giao 14n nhau.

Dinh vi chom sao

Hinh 6.22. M6 hinh b¢ diéu ché OFDM sir dung FFT"'.

Trén hinh 6.22 trinh bay mé hinh bo diéu ch€ OFDM. M6 hinh bo diéu ch€ OFDM bao gém:
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- Bo dén kénh: ¢6 chic nang chuyén d6i chudi bit s(n) n6i ti€p, ¢6 van t6c bit R, thanh N chudi
symbol song song, khi d6 thasi khoang symbol mé& rong ra N 14n, ching ta ky higu 1a T, con van
t6c symbol duge xdc dinh Ry, = L = £

Ty, N

- B¢ dinh vi chom sao (constellation mapping): bién déi cac symbol & dang nhi phéin thanh cac
méu tin hiéu phitc trong mién tin s8, sau diéu ché chiing td thanh cdc séng mang con. BS dinh
vi chdm sao s& dinh vi dé cdc séng mang con ¢6 dic tinh fruc giao nhav, tic 1a chon khodng
céch gitra ching bing 1/T,. Trén hinh v& ky hi¢u cdc miu tin hiéu phifc trong mién tdn s6 1a
Xo» Xy Xy X v

- Gai tin hiéu ldi (hoa tiéu) (Pilot Insertion): cing v6i N cdc symbol OFDM, trong k¥ thudt nay,
ngudi ta con thyc hién gai mot s6 cdc symbol Idi, xen ke trong cic symbol OFDM. Cic symbol
14i sau diéu ché trd thanh céc séng mang 14i, dong vai trd lam cdc diém danh d4u déng bo vé tdn
s va thai gian.

- Mach bién d6i Fourier nhanh ngwgc (FFT"'): bién d6i cic mu phitc cia tin hiéu thude timg
bang con trong mién tdn s§ thanh cdc miu phic cha tin hi¢u cling thudc mdi bang con d6 trong
mién thdi gian. C4c miu phic ciia tin hi¢u trong mién thdi gian duge tich thanb phin thic-Re va
phan 4o0-Im. Céc phdn thyc hinh thanh nén cic symbol nhi phan, dugc DAC va duge diéu ché &
nhanh trén- nhanh I (in-phase). Cic phédn 4o cling hinh thanh cdc symbol nhi phan, duge DAC va
duce diéu ch€ & nhdnh dudi-nhdnh Q (quadrature-phase).

- Chén khodng bdo vé (guard interval), thuc hién sau IFFT: dé chéng lai hién tugng ndi giao
thoa gifta céc k¥ hi¢u (intersymbol interference-IS1, cling con goi intercarrier interference-ICI),
ngudi ta thyc hién chén cdc khodng thdi gian bao v&, k¥ hiéu T, , gilta cdc symbol, Boi vay, do
rong khoéng thovi gian giia cic symbol x4c dinh bang T” = Tyut+ Ty, - Khoang thdi gian bao vé¢ c6
thé chon bang (1/16, 1/8, 1/4..) Ty,

- Ldy cita s6 (Windowing): dé giam b6t céc doan 13p lai clia phé cao tdn ciia cdc symbol (xem lai
muc 3 va 6 chuong 5), ngudi ta thuc hién 14y clra s, bing cdch dua (nhdn) cdc symbol qua b
loc cosine nang (raised cosine window). Cich 14y cira s6 ndy ciing c6 tdc dung tip trung cong
suét tin hiéu vao ving phé chinh.

- Bo bién ddi tin hi¢u sélneong ty (DAC): bién déi symbol nhi phan thanh tin hiéu L mifc bién
do. Mot thi du cu thé dugc trinh bay trén hinh 6.202). Néu thyc hién diéu ché 16QAM, cin sir
dung chuyén d8i symbol 2 mic bién do thanh tin hieu L = 4 mic bién d6. Con néu thuc hién
didu ch€ 64QAM, cén sit dung chuyén d6i symbol 2 mitc bién do thanh tin hi¢u L = 8 mic bién
do, v.v...
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- Mach diéu ché’ MOAM: gém mach tao dao dong mang, dé tao ra hai thanh phdn dao dong
mang ¢6 pha tryc giao nhau. Mach diéu ché can bing (mach nhan). Cuéi cling 1a mach cong va

mach loc dai thong.

a). Phd cia mot séng mang b). Phd clia tin hiéu
OFDM OFDM
1
I ......................... Il_x I Séng mang
Ny T, tin tirc

¢). Mo hinh truyén céc tin hiéu OFDM

Hinh 6.23. a) Phé mot séng mang OFDM, b) Phé ciia tin hiéu OFDM,
¢) Mé hinh truyén cic tin hiéu OFDM.

Di€u ché€ OFDM 1a mot dang dic biét cla he thong diéu ché da séng mang, dua trén nguyén
tic phan chia ludng dif lieu téc do bit cao thanh cic ludng dit lidu con c6 t&¢ d¢ ky hiéu thap. Bo
dinh vi chdm sao s& xdc dinh cdc séng rrllang con c6 déc tinh tryc giao nhau. Cdc séng mang con
vGi 16c do bit thap va vi s6 lugng 1on s& mang duge ludng dit ligu c6 t6c do bit cao. N6i mot
céch hinh tugng, phuong phdp diéu ch€ da séng mang OFDM ciing gidng nhur dfu néi dir lieu
gifta ddu phdt va ddu thu bing cdng song song thay Vi cdng néi tiép. Hinh twong ndy duoe thyc
hién bdi cdc bo don kénir phia phat va phia thu (xem hinh 6.22 va 6.24).
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Trén hinh 6.23a) bidu dién pho tdn s6 cha mét séng mang con. Khodng chiém dung phd tan
2

sGctandla: W =—=28.
h

Con (rén hinh 6.23b) biéu dién phd tdn s6 cha tin hieu OFDM. Céc t4n s6 f; duge xédc dinh:
f:‘ = fc + Ft .
Tir hinh v& nay, ching ta thdy rd cdc séng mang con truc giao nhau, diéu nay dugce thé hién &

1 , .
khoédng cdch tdn s¢ gita cdc séng mang con: f,,, — f, = ——. Khi d6, diém phd cé nang lugng

kH
cao nhét clla mot séng mang con ndy, roi vao diém phd c6 nang lugng béng khong clia mot séng
mang con khac. Khi gidi diéu ché tin hiéu cao tdn cha bang con nay, bo diéu ché s& khong nhin
thay cdc tin hidéu cao tdn cia cdc bang con khdc, tirc khong bi gay nhiéu bdi cic tin hidu cic
séng con khic. Vi cdc séng mang con duge dat rat gdn nhau, nén khodng chién dung phd téng
cong ciing nhu khi diéu ché tryc tiép dong dit lieu 16¢ do cao.

Con trén hinh 6.23b) biéu dién mo hinh truyén céc tin hieu OFDM theo kénh. Tir mé hinh nay,
chiing ta thdy rd cdc khdi ni¢m:

- Dai thong kénh truyén;

- C4c séng mang con, séng mang “pilot™ trong mét vdng (cyclic). Khoang cach tin s6 cla cdc
séng mang con bing 1/T,,. hon nita cAc séng mang con trong mét cyclic c6 cham thoi gian so
vdi s6ng mang con ddu cyclic;

- Khodng thdii gian symbol - Ty, Khodng thoi gian bdo vé - T,,.

Khoang chiém dung phé tdn s6 cia tin hieu OFDM véi N (N’= N+N,) biang con duge xdc
dinh bing cong thiic:

2 1 2 N +1
Wi, = Fuy = fo+—=(N-Dx—+—= 6.43
ornt = Jua —Jo T, ( )X T, T, T, ( )

Trén hinh 6.24. trinh bay mo hinh b¢ gidi diéu ché tin higu OFDM.
Ngay nay, nguyén 1y OFDM duoc sit dung rong rii trong thuc tién k¥ thuat, chéng han:
-Trong truyén hinh k¥ thuat 36, chang han, DVB-T (Digital Video Broadcasting- Terrestrial),
DVB-S (Digital Video Broadcasting- Satellite}, DTH (Direct To Home);
- Modem ADSL (Asymetric Digital Subscriber Line), VDSL (Very high speed Digital Subscriber
Line), cho phép truy cép Internet t6c d¢ cao bing doi day dong;
- Cong nghé Wimax (Wireless MAN);
- Cong nghé Wi-Fi (Wireless LAN),
- Ung cir vién sdng gid cho thong tin di dgng thé hé G4.
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ADC

»

)

» ADC »
I

—— e ———

Hinh 6.24. M6 hinh bé giai diéu ché OFDM.

Uu diém chinh ctia diéu ché OFDM la chéng dugc nhiéu da dwong va hieu tng do thiéu ddi
thong clia kénh truyén. Nguyén nhan ciia hai hi¢u ung nady c6 ban chat hoan toan khéc nhau,
nhung hau qua thi giéng nhau déu din dén giao thoa gilta cdc ky hi¢u (ISI) va phat sinh 16i tai
phia thu.

Trén hinh 6.25 m6 td mo hinh kénh da dudng. Nhiu da duong s& c6 hau qué khi thoi gian tré

cla cdc tia dén sau so sénh dugc véi thdi khodng ky hiéu, titc 1a Tgi 2 Ty, trong d6 ;- thoi
gian tré ciia cdc tia dén sau, cdn Ty, - thdi khoang cdc symbol. C6 thé loai bo loai nhiéu loai nay
bing gidi phdp md réng thoi khodng ky hiéu, nhu gidi phip diéu ch€ OFDM. Lic dé
T4 <<T}y,, cho nén, phép cong ciia nhiéu tia séng c6 két qua gdn giéng nhu chi ciia mot tia
song (su léch pha ciia céc tia séng gin nhu nhau).

Hiéu \mg do thiéu ddi thong ctia kénh truyén, c6 thé loai bé bang céch gidm nhd toc do ky hiéu
(cling tic 12 m& rOng thoi khodng ky hiéu) cia timg bang con, nhu giai phdp diéu ché OFDM.

Khi d6 dai thong yéu cdu ciia timg bang con s& nho hon rat nhiéu so véi dai thong c6 sin cia
kénh truyén.
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Da6i nii

Toa nha

. Tram phat

Hinh 6.25. M6 hinh kénh da duong.

8. CAC TIN HIEU TRAI PHO
8.1. Khai niém chung vé diéu ché trai pho

Nhu chiing ta da nghién cifu trong cdc muc trudc, & cdc hé thong truyén tin sir dung ky thuat
diéu ché truyén théng, vin dé do rong phd ciia tin hiéu 1a van dé dugc quan tam chinh. O’ cic hé
théng nay dugc thi€t k€ sao cho do rong phd cia tin hiéu cang hep cang t6t. Hiéu suat sir dung
phd tdn s6 duge xdc dinh bing cong thic (6.37):

q_£ bit / sec
W Hz

Ciing mot vén téc bit R [bit/sec] cla tin hiéu dem diéu ché, tin hiéu diéu ché nao cho do rong
phé W [Hz] cang nho, thi hiéu sudt sir dung phd tén s6 cang cao.

Cic hé théng truyén tin st dung k¥ thuat diéu ché trdi phd, bé rong phd cua tin hi¢u rong gdp
hang tram 14n bé rong phé ciia tin hiéu bang co so. DE dinh gid mic do trai phd, ngudi ta dua
vao tham s6 hé so khuéch dai xit Iy (Processing Gain - PG), dugc dinh nghia:

D6 rong bang tn cla tin hiéu trai phd w

PG = = : = —8 (6.44)
2(Po rong bang tan cua tin hiéu bang cd s0) 2B

Cic hé théng diéu ché trai phd hién nay, bao gém:

- Heé théng trai phd day truc tiép (Direct Sequence Spread Spectrum-DS/SS)
- Hé théng trai phd nhay tén (Frequency Hopping Spread Spectrum-FH/SS)
- He th6ng trai phd lai ghép cua hai h¢ théng trén (DS/FH/SS)
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Céc he théng di¢u ché rai phd duoc sir dyng rong ri trong céc hé thong truyén tin:
- Thong tin di dong theo cdc tiéu chudn 1S-95, IMT2000, sir dung cong ngh¢ da truy nhap theo
ma (Code Division Multiple Access- CDMA);
- He théng dinh vj toan cdu cha My (Global Positioning System-GPS), sit dung b6 tao chudi gia
ngéu nhién bang chubi Gold;
- Théng tin v¢ tinh sir dung cong nghe CDMA:;
- H¢ théng da truy nhap bang séng héng ngoai Bluetooth (cong nghé FH/SS);
- Céc h¢ thong thong tin lien lac quan sy st dung FH/SS; '
V...
Trong muyc nay chiing ta s& nghién cffu so bo céc tin hiéu trai phd, chi tiét hon doc gia cé thé
tham khéo thém cdc tai lieu khdc, ching han, {16].
8.2. B¢ tao chudi tin hiéu gia ngau nhién (PN)
Thanh phan quan trong nhét trong moi h¢ thong diéu ché trai phd 12 b6 tao chudi tin hisu gid
ngdu nhién (Pseudo-Noise). Chiing ta cin nghién ciru chiing trudc tién.
Hién thoi t0n tai mot vai phuong phép tao chudi tin hiéu gia nglu nhién sau:
- Chuéi gia ngAu nhién loai m, hay con goi 12 chudi m:
- Chubi gia ngu nhién loai Gold:;
- Chuéi gid ngdu nhién loai Kasami;
AN
a). Céc chudi PN m
Trong cdc chudi PN, quan trong nhét 1a chudi m. Céc chudi m duge phét sinh tir da thic

nguyén thily g(x) bac m. Da rhuic nguyén :rhz}y g(x) bdc m la da thic, ma chi ¢6 da thire (x” + l)
vain = 2"~ 1, chia hét cho né. Ngodi ra khong cé da thitc néo cé dang (xp + l) voi I < p < m,
chia hét cho né. Da thiic nguyeén thily g(x) bac m c6 dang:

g(x)=ggo+g(x) +g2x2 +...+ gm_,x”"'I + g x" (6.45)
trong do cic h¢ s6 cha da thic ¢6 dac tinh: gy, g, =1, cdn cdc hé s6 g, khdc hoac béng 1, hodc
bing 0.

Mach tao chudi m bao gém m 6 ghi dich, va mot s6 bo céng mod?2 thich hop & nhdnh héi tiép,
nhur hinh 6.26.
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Hinh 6.26. Mach tao chuédi PN m trong truiong hgp chung,

Trong mach tao chudi PN m trén hink 6.26, quy u6c hé¢ s& clia da thic sinh g, nao khic
khéng, cong tic tong ing véi ching & vi tri d6 ndi mach, dong thdi ton tai phén tir céng mod2;
nguoc lai he s6 g, nao bang khong, cong tic tuong tmg voi ching & vi trf d6 ngat mach, dong
thdi khong tdn tai phén tir cong mod2. Nhu vy, c6 thé xdc dinh duge s6 bo cong mod2 cia
mach bing W[g(x)] - 2. O diu ra cha mach c6 phén tir chuyén déi mic logic cla cdc chip, phu
hop theo quy tic 0 — 1 val - -1.

Chiing ta hiy bat ddu nghién ciru chudi PN m béng cic thi du don gidn nhat.

Thi du 1: Xét truong hop m = 3, n = 2*~ 1 = 7. Nhu d4 biét, trong trudng hop nay cé hai da thic

nguyén thiy. Da thitc sinh duge chon trong thi du nay la:

gxy=x+x% +1 (6.46)
Mach dién tao chudi m theo da thifc sinh & trén c6 dang duge biéu dién trén hinh 6.27. Mach
bao gdm 3 o ghi dich, 1 bd cong mod2. Mach nim trong khung vién nét diit duge goi 13 “mat
chén” Mask : mach nay tao ra chudi ¢’- chudi ra qua mét chén.
Chiing ta gia thiét trang thai ban ddu cita céc 6 ghi dich 1a: 111- goi 14 nap ban déu.
Chudi ra ¢, v&i gid tri nap ban ddu 111, duge xéc dinh theo bang bén phai cha hinh 6.27, trong
khuon khé giita hai mili tén, diing dé dinh vi chu k:
¢ =1110010... (6.47)
Cong thite (6.47) xdc dinh mot chu k¥ clia chudi ¢. Néu chiing ta ky hi¢u chu k¥ ciua chudicla

N, thi N duoc xéc dinh: N =2" —1=2% —1=7. Hon nifa, v6i da thic sinh g(x) Ix da thic
nguyén thiy, thi gid tri cha chu ky N dat gid tri cuc dai. Mot thi du xét sau nay, s€ ching o véi
da thitc sinh khong phai 1a da thic nguyén thiy, gid tri chia chu ky N s& khong dat gid tri cuc dai.
MB&i phan tir trong chudi ¢ duge goi 1a mét chip va ky hieu:
€=Cpl1C2CN-2CN1

. . . . ) . 1 :
Vd&i méi chip t6n tai cdc dinh nghia: thoi gian chip, T, (sec], téc do chip, R = —7;— [chip/sec].

c
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Trang thai |
cic 6 ghi
dich
1117
011 ¥
001
100
010
101

B
.E‘.g
ﬁm

.

-1}

IIOJT

¢ | 111 (lap lai)

Mask
Mait chin

N bW =0

Hinh 6.27. Mach tao chubi PN véi m = 3.

Gid tri ban ddu cta céc 6 ghi dich, goi Ia nap ban ddu. C6 tat ca 2™ — 2 gié tri nap ban ddu
(trlr gid tri toan 0). Vi cdc gid tri nap ban ddu khdc nhau, chu ky ctia chudi ¢ s& duoc bét ddu
khdc nhau. Chéng han, véi thi du trén, khi gid tri nap ban ddu 1a 100, thi chui ¢ dugc x4c dinh:

¢’=0010111...=7 "¢
trong d6 T"c - ky hiéu dich vong trdi cta chudi ¢ di ba vj tri. Nhu vay, c6 thé két luan: chuébi ¢
phat sinh tir cdc gid tri nap ban ddu khdc nhau sé la dich vong trdi (dich vong phai) clia nhau.

V6i mbi mach tao chudi m, ¢6 hai céch ldy ra chudi ¢. Cdch thit nhét 14y chudi ¢ ra nhu & trén,
£0i 12 chubi ¢ ra truc tiép. Céch thir hai 14y chudi ¢ ra qua “mat chin”-Mask. Mat chdn duoc
hinh thanh tir cdc phdn tir AND va phan tir cong mod2. V6i méi phén tir AND, c¢6 mot ddu vao

dugc thiét 1ap mic logic hogc 1, hoac 0, dugce goi gid tri ciia mdt chdn. C6 2™ — 2 gid tri clia
mat chdn (trlr gi4 trj toan 0). Trong thong tin di dong sir dung cong ngh¢ CDMA, gid tri mat
chin ctia cdc tram cong cong dugc 80i 12 56'seri di¢n ni (Electronic Serial Number-ERN), gid tri
mat chidn cia cidc mdy c4 nhan dugc goi 1a 56" dinh danh tram di déng (Mobile station Identify
Number MIN). Ung v6i méi gid tri mat chén, xdc dinh duge mot chudi ra ¢’. Chang han, véi gid
tri 011, chudi ra ¢’dugc xdc dinh nhu bang du6i day.

Céc gid tri & cot 3 chia bang duoc xdc dinh béng nhdn logic twong \mg céc gid tri cia cot 2 véi
gid tri cia mit chin - 011.

Keét qua cho chudi ¢’ duge x4c dinh & cot cusi cung cla bang, cdc phén tir chia cot 4 12 két qué
cong mod2 ciia cdc phdn tir ddu ra cdc AND tuong ting & cot 3:

¢’=0010111...=T’¢
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Nhu vay, chudi tin hicu PN cfa cdc cd nhan khic nhau, trong thong tin di dong, 1a dich vong

cua nthau.

Xung nhip Pau ra cdc 0 ghi dich Pau ra cic AND Chubi ¢’
1 111 011 0

2 011 011 0

3 001 001 1

4 100 000 4]

5 010 010 1

6 101 001 1

7 110 010 1

8 111 (lap lai) 011 (lap lai) 0 (lap lai)

Tap cdc chudi ¢, k¥ hiéu S, duge xdc dinh:

¢ =1110010
T-¢ =1100101
T7%¢ =1001011
< =ﬁT*3g =0010111 648
AT e =0101110 '
T3¢ =1011100
T8¢ =0111001
| 0 = 0000000

Thi du 2: Xét truomg hopm =4,n=2" -1 =15.

(x's +1)=(x+l)(x2 +x+]Ix4 +x+IIx4 +x7 +1Xx4 +x3 4+ x? +x+1)
trong ba da thifc bac 4, chi ¢6 2 da thitc dau 1 da thifc nguyén thay. Da thirc bac 4 cudi cung
khong phai & da thirc nguyén thuy, boi vi:

(x5 +1)=(x-i~1)(x4 +x3 +x2 +x+1)
tirc 14 da thifc (xs + 1}'.():4 +xd+xl v x4 1).
Chon da thifc sinh g(x) = (x4 +x + 1). Mach tao chudi ¢ tir da thitc sinh nay, nhu bi€u dién
trén hinb 6.28.
Vi gid tri nap ban ddu: 111; chudi ¢ ra tryc ti€p ¢6 dang:
¢=111100010011010.... (6.49)

Chu k¥ ciia chudi ¢ duge xac dinh: N = 24 _1=15
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Xung | Trang | Pau | Chuédi
nhip | thai ra ¢
% 8y _ cac cac
1 > L C 0 ghi | AND
i "1 -1 dich
| 0 1111 | 1010 |0
s va 1 0111 | 0010 |1
| 2 0011 |0010 |1
3 0001 | 0000 |0
sk 4 1000 | 1000 | 1
Mat chéin c 5 0100 | 0000 |0
5 i

Hinh 6.28. Mach tao chuéi ¢ tir da thic sinh g(x)= (x4 +x° + 1).
Vi gid tri mat chén 1010, chudi ¢’ ra qua mat chén c6 dang:
¢ =011010111100010...=T ¢

Qua trinh hinh thanh chudi ¢, ciing nhu chudi ¢’ duoc giai thich (trich doan ddu) & bang bén
phéi cia hinh 6.28.

Xung | Trang
nhip | thai
cic 0

ghi
D~—P- dich
1111
0111
1011
1101
1110
1111

(1ap
lai)

m:,(
g ]

9 1 9, 9; 94

0> 1
1->-1

2
J X

/
0\“
|\L
yo

s WLWN—~=O

Hinh 6.29. Mach tao chudi PN tir da thitc khong nguyén thiy.
Thi du 3: Xét qua trinh tao chudi PN, véi da thic sinh khong phdi da thiic nguyén thiy. Ching

S4xtex+ l). Nhu trén da ching td, day khong phai 1a

da thifc nguyén thiy. Mach tao chudi PN nhu hinh 6.29.

han, chon da thitc sinh g(x) = (x4 +x
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Chu k¥ clia chudi PN ¢6 gid tri N'= 5 < N, = 15,
b). Cdc thude tinh cia chudi PN m

Cac nghién ciu vé thudc tinh cha chudi PN m, da chi ra raing ching ¢6 mudi thude tinh. Chiing
ta chi din ra day hai thudce tinh thudmg duge sir dung nhat:
- Thuéc tink vé s6 chip 1 va s6 chip O trong moét chu ky cia chudi ¢: trong mot chu ky cba chudi

N-1

¢ $0 chip 1 luén luén bing s6 chip O cong thém 1, e ta s chip 1=(

5)

- Thugc tinh vé ham tw ntong quan cua chudi ¢ ham wr twong quan twin hoan chudn héa cla

}+1, con s& chip O

chudi m ¢6 dang ddu dinh.
Ham ty tuong quan tudn hoan chudn héa cla chudi m duge xdc dinh nhu sau:
1 i=1tnN

M-l
R.(i)= l dee,, = i(A -D)= { (6.50)

N4 N /N i#nN

trong d6: i = sd lugng vi tri dich cta hai chudt; n =10, 1, 2, 3,...; A = s& lugng cua tich hai chip
cling ddu, cdn D = $6 lugng ctia tich hai chip khac dau. RS rang, khi so lugng vi tri dich 1 =0,

hodic nguyén lan chu ky N, thi A = N, ¢con D = 0; con khi | # nN, thi A = "k cdn

D= ( N; ! ] + 1. K&t qua tinh todn nay duge giai thich nhd thude tinh s6 chip I va O trong mot

chu k¥ khdc nhau mot.
D6 thi ham tr twong quan cho trudng hop m = 3, N = 7; ciing nhu dién giai cdch xdc dinh R(1),
duge biéu dién trén hinh 6.30.

. 1 ‘
| S L
———p . L o L__ e e ..__'___4__'_1__7 e ™ =m o=
765432001234 567" A=3 o
I/N D=4

Hinh 6.30. HAm tu tuong quan R(i) clia chudi ¢ véim = 3.

Khi x4c dinh A v D, chiing ta dé thuc hién chuyén déi: 0—> 1, cdn 1 > -1
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¢}, Cdce chuéi Gold

Tap cdc chudi Gold duge thiét 1ap tren co s tir cdp chuéi m duoc wa chugng (Preferred Pair)

b cang chu ky N, dé bao ddm ham twong quan chéo tudn hoan gilta hai chudi 14 nhd nhat.
Chiing ta goi hai chudi m 13 u va v, thi ham tuong quan chéo tudn hoan giita hai chudi duoc

dinh nghia:

N—1
R, (n)= Z“:'VIM {6.51)
=0

v0i moi gid tri cGa n nguyén, con chi s6 (i + n) duoc 1ay theo modN.
Céap chudt m duge goi 13 wa chudng, ky hiéu x vi y, néu ham twong quan chéo tudn hoan giira
hai chudi chi nhan ba gid tri sau:
Ry, (n)=—1, —1(m), f(m)—2

m+2]
2

vOi moi gid tri clia n nguyen, con Hm) =1+ 2[ » trong do6 ky hi¢u {.] chi phép tinh l&y phén
nguyén.
Tap cac chudi Gold bao gdm cap chudi m duge ura chudng x, y va céc tdng mod2 cha x véi cdc
dich vong trdi clia y:
SGotd = {5, A g@z, E@T"lz, x&® T'2J_/,..., J_C@T(N_[))_z} (6.52)
Thi dy : Xét trudng hop m = 3, cip chudi m ua chuédng c¢é da thite sinh;

gi(x)=x +x* +1 va gy(x)= x* + x+1. S0 6 mach dien tao tap chudi Gold ducc bidu
dién trén hinh 6.31a). Con ham tuong quan chéo tudn hoan cia hai chudi X va y, duoc biéu dién
trén hinh 6.31b).

Vi gid tri nap ban ddu cdc 6 ghi dich cho ca hai mach 12 001. Tap céc chudi Gold duge x4c
dinh:

x=1001011; x® y=0000101; x®7'y=1010110; x®T 2y =1110001

y=1001110; x@®T?y=0111111; x®7T*y =0100010:

x@7T7 y=0011000; x®T°y=1101100

Vi cap chubi m 1& x va y nhur trén, ham twong quan chéo gitta chiing chi nhan ba gid tri: —1; 3
va -5. D4 thi ham R, () trong hai chu ky duoc biéu dién tren hinh 6.31b).

Céc cap chudi m wra chuong khong ton tai véi m = 4, 8, 12, 16 va phong doédn ring véi moi
m = Omod4,
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. (e
BT
M R, ()
Colod ' . '—" AT Goid 4 S L
LN_;;}_TZ ’{_L X % W__P 3e ' 4 e e .
—.——— —% —_ qX 2
N 1
T ]

‘ ‘4 ‘4 _‘( _4:. : C o - SR

l i _L‘ - gz(x) J S0 L e | S . L

S J6-54-32-101234567
a). Mach tao chubi Gold b). Ham twong quan chéo cta 2 chudi:

R LA EEETEEE"

Hinh 6.31. Mach tao tap chudi Gold v6i m = 3 a), va ham twong quan chéo cia hai chudi
“+4+-+--vi-++---+Db)
V@i m = 5, ¢ip da thidec m ra chudng duge xdc dinh la:
g (0 =x>+x7 +1va go(x)=x" +x* +x% 4 x+1

m+2

trong trudmg hop nay t(m)=1+2[ 2 } =9. R, ,(m=-1, -9, 7.

Chiing ta nhan thdy ring ti s6: f(m)/ N =272 >0 khi m — oo tic 1a c4c chudi Gold
vGi m 16n s& co céc gid tri cha ham tuong quan chéo rat nho.
8.3. He thong trai phé day truc tiép DS/SS

Hé théng trai phd chudi truc 1i€p c6 thé thue hién diéu ch& BPSK, hoac QPSK. Chiing ta han
ché chi xét hé thdng DS/SS - BPSK.

So d6 kh6i he théng tréi phd chudi truc tiép, diéu ché khéa dich pha hai mic DS/SS -BPSK
duge biéu dién trén hinh 6.32. Trong d6, so d8 kh6i he théng phdt duge biéu dién trén hinh
6.32a). He th6ng phat bao gém: bo trai phd DS. O day, tin hiéu nhi phan bing co s& b(t) duge
nhan (ciing ¢6 thé cong mod2) véi tin hieu PN c(t). Két qua clia phép nhan [b(t)xe(t)}, tao ra mot
tin hiéu bang co s& da duge trai phd. Tin hieu nay, sau do duge diéu ché khda dich tdn hai mic,
cling nhd mot phép nhan. K& quia cha phép nhan [b(t)xe(t)) véi dao dong mang
Uy c;os(27d'cr + 9) tao ra tin hi¢u DS/SS - BPSK c¢6 dang:
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s(t) = Uyb(t)e(t)cos(2f,t + 6)

(6.53)
. BO .tréi phg__ | BO feucne
- DS BPSK f
_b(®) ] 4
;:(t) s()=U b(Oc(t)cos(247, ¢ + 6)
{ Bo I@O_- | Bo l_a;;dao l

a). So d6 khéi may phat DS/SS-BPSK

St Tou _j%i;igo
SRR AC ey,
Déng| | B0 Bo Khoi
& tao khoi phuc
bd 2 . |
. i’ chudi |  —» phuc dinh
chudi - . N
| PN song thot ky
PN | . i
i noi mang | | hiéu
4

b). So d6 khéi méy thu DS/SS-BPSK
Hinh 6.32. Hé thong DS/SS - BPSK.

D4 thi ham PSD cta cdc tin higu: b(t), c(t), [b(t)xe(t)], s(t) duge biéu dién trén hinh 6.33. Ciing
trén hinh vé nay, ching ta cling biu dién ham ty tuong quan chuin héa cia tin hien c(t), ky

hieu R, (‘r) Trong d6, ham ty tuong quan chudn héa R, (r) trong chu k¥ dau duge xac dinh:

[ 1
1=l — O<fe<T,
| A
R.(r) = ?V—[c(f) xc(t 7)) =1 (6.54)
_Flv’ﬁ T, <[tf| <(N -1)T,

Khi biéu dién d6 thi cia céc tin hieu b(t), c(t), {b(t) x c(1)), s(1), ching ta gid thiét T = NT,, véi
N =7, trong d6 T- thoi gian bit cla tin hiéu b(t), con T, - thdi gian chip cha tin higu c(1).
He 56 khuéch dat xit 1y PG, trong trudng hgp nay, duoc xdc dinh:
PG = Fss = ETL =
2B 2/T
Véim = 3, chiing ta c6 PG = 7; con véi m = 10, chiing ta ¢6 PG = 1023.

N (6.55)
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"“ ‘II'\ ?\
_ fo | \,\i | , ; | I,r‘fl 3l l\\i. T ]If;'{ |
— L ] e L . ] L ] ’Z'
. 1
a). D6 thi ham R, (7) -y
PSD
/T b
[ e, be®
| /
T
S et L
1 O o1 1
I, B 7 T,
b). D6 thi ham PSD cua tin hiéu b(t), ¢(t) va b{t).c(t)
T PSD
i
| | 1 — | ‘ i | | 1 L : 1 f
fo=ur, O f] S 4T
W 55 = 2 f Tc

¢). D6 thi ham PSD cua tin hi¢u DS/SS-BPSK

Hinh 6.33. D6 thi ciia ham R_(7) a), ciia cdc tin hiéu b(t), c(t), b(t).c(t) b),

va ciia tin hiéu DS/SS-BPSK c¢).

Trén hinh 6.32b), biéu dién so 36 khoi mdy thu DS/SS - BPSK. O° day cin giai quyét cdc van
dé co ban sau:

- Déng bo chudi PN dén véi chudi PN ndi, gém hai pha chinh:
+ Bit déng bo;
+ Bdm déng bd
- Bo khoi phuc séng mang, d€ thyc hién giai diéu ch€ lien két.
- Bo khoi phuc dinh thoi ky hiéu (xdc dinh thoi diém bit ddu clia ky hi¢u-t), cling bo ngudng,
dé quyét dinh bit 1 hoac 0.
* Hi¢u ndng cua cdc hé théng DS/SS
- Céc hé théng DS/SS chiu tdc dong clia tap 4m trdng, nhung c6 thé loai bo cdc nhidu dai hep.
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- Céc h¢ thong DS/SS c6 thé chéng duge nhidu da dudng, nhumg chiu anh hudng clia nhiéu giao
thoa. D¢ gidm nho nhidu giao thoa cin thigt ke cic tin hi¢u PN ¢ twong quan chéo nho.

- Céc h¢ thong DS/SS chiu 4nh huéng manh cia hi¢u tng gdn xa, d€ giam nhé hieu (ing nay cin
thi€t k& b 1 didu khién cong sudt.

- Tinh chat kho thu trom, vi tin higu do trai phé thudng chim trong nén nhiéu.

8.4. H¢ thong trai phé nhay tan FH/SS

Y tudng cha cic he thong FH/SS 1a nhdy hay chuyén déi tin s6 séng mang theo t1dp hop cdc
mdu tdn 56 duge xdc dinh bdi chuéi PN. Téc d6 nhay tdn s6 c6 thé nhanh hay cham, ty theo
quan he T/T, > 1| hay T/T, < 1.

Trén hinh 6.34 biéu dién so d6 khéi mdy phat FH/SS. Tin hiéu nhi phan b(t) tru6c hét duoge
diéu ché FSK (hoac BPSK). Ta chi xem xét didu ché FSK. Trong khoang thdi gian bit, tin hieu
X(t) nhan mot trong hai tdn s6 £ hoic f+Af, tity theo bit 0 hogc bit 1 cila b(t) ddu vao, uic 1a:

cos(27f'r) b(1)=0
x(t}= (6.56)
cosz(f+ark] by =1

Tin hiéu ndy duge (rdn tdn (thong qua phép nhan) véi tin higu y(0) tir bo tdng hop tdn s6. Cit
trong mdi khodng thoi gian cda budc nhay T,, tdn s6 cia tin hi¢u y(t) lai nhan mot trong céc gid
tri tir 1ap 2* tdn s6 do b6 téng hop tdn s6 tao ra, tiic 1a:

¥(&) =Uqcos[2n(fy +i,,0f ¥ +6,,]
‘. (-t . . Pl el va o
trong dé: {,, € \0,2,...,2 1a s6 nguyén chin, m- chi bu6e nhay thir m.
BO trdn tao ra tin hi¢u ¢6 t4n s6 12 t6ng va hiéu cia hai tdn s& cia tin hiéu x(t} v6i tin hiéu y(t).

Ching han, bo loc dai thong bang rong duoc thiét k& dé chon ra tin hiéu ¢6 tdn s6 13 t8ng hai tdn
sO (ic nay tam bd qua bo nhan tan), tic 1a:

s(1) =2U, cos[2:r( fo+i A +b, Af ¥ + 6',,,] (6.57)
trong d6: b, € {0,1}. Nhur vay, céc tdn s6 phét ndm trong tap:
{fo,fo A, fo + 28], fo + (2" ~l)6f} (6.58)

trong do: Af duge chon bing 1/T,, dé cdc tin hi¢u s(t) trong cdc budc nhay 1an can nhau I truc

glao vdi nhau,
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B6 diéu ché ‘ Botriiph6 FH | Bo BPF
b t - t ° . t ‘
—Q- FSK hodc [— bl »(X}——— nhan | lbang ~S£l3 g
BPSK | f y | tan rong | Tin hiéu FH/SS
Tin hiéu FSK Boténg | | o) gs;(h"ac
hoac BPSK hop tdns6 | |
' AT ¥Y ‘
L I [:k';hi]) _________ o |
e < i g |
| Bo chuyén déi | |
| ndi ti€p/song |
song ’5

Hinh 6.34. So d6 khéi may phat FH/SS.
'Bo nhan tin (tiy chon) s& nhan tan s6, cling nhur pha ddu clia tin hi¢u s(t) len  14n.

f B

Hinh 6.35. Biéu dé tan s6 cho mot hé thong FH/SS- FSK.

Treén hinh 6.35. biéu dién biéu dé tin s6 cho mot hé théng FH/SS nhay tin nhanh vé6i T/T, = 5.
B3i vi, bo téng hop tdn s6 khong c6 kha ndng duy tri lién két pha clia dao dong khi n6 nhay tir
tdn s6 ndy sang tin s6 kia, cho nén h¢ thong FH/SS thuong sir dung ky thuat gidi diéu ché khong

lién két.
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Chuong 6: Cic tin hiéu diéu ché

B¢ rong bang tan cia tin hicu FH/SS 1a:
Weo =25 AF
He s6 khuéch dai xir Iy cha he théng FH/SS ia:
25AF  2FT
PG = Y _

_ (6.59)
2/T 2T,
Né&u 16n tai bo nhan tdn B 1an, thi he s¢ khuéch dai xir 1§ ctia hé théng FH/SS la:
2fT
PG = p (6.39a)
27,
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CAU HOI VA BAI TAP

Cdul: V& so dd khéi téng qudt chia he théng truyén tin. Néu chiic ning chinh timg khéi?

Cdu 2: Néu va phan tich cac yéu cdu chinh cba he thong truyén tin?

a). Phan loai cic hé thdng nén s& ligu?

- Thuat todn nén anh den trang JPEG c6 may budc?

- Thuat toan nén tin hiéu ti€ng noi ¢6 thé phan chia thanh mdy loai, két qua dai 16¢ d6 bit R cia
timg loai ?

b). Nguyén 1y chung xay dyng ma chéng nhiéu? Hiy 1ay thi du don-gidn nhat dé giai thich cdc
nguyén 1y chung nay?

- Phan loai ma chong nhiéu?

¢). Téc¢ do truyén thong tin R trén kénh phu thude vao cdc véu td nao?

Cédu 3: Hay néu va gidi thich céc dai lugng:

- Luong thong tin rieng I(x;}, lugng thong tin trung binh H(X), lugng théng tin twong hé I(X,Y),
Entropy ¢6 diéu kien H(Y/X), H(X/Y)?

- P du thira clia ngudn tin gy, d6 du thira cia tdp ma g ?

- Kha nang thong qua C, dai thong B cla kénh truyén phu thugc vao nhing yéu t6 nao?

Cdu 4: Cho tap tin ¢6 1000 tin, bao gdm 4 loai tin a, , a, , a, , a, , v4i xdc suft tuong vng 1/2,
1/4,1/8 . 1/8.

- Tinh s6 lugng mbi loai tin?

- Néu dem mad hod bing mi ¢6 do dii déu. Hiy xédc dinh chiu dai tir md ?. Viét ra cdc tir ma ?
Tinh d6 du thira clia tap ma déu gg,?

- Lap céc tir ma theo Shannon-Fano ? X4c dinh #7, gog clla bo ma?

- Xéc dinh s6 ky hiéu ma thiét kiém duge khi ma hod déu va ma Sh-F?

Cdu 5: K& tén mot vai phép ma hod ngudn ma em biét ? Cho tap tin X ¢4 8 tin, vdi x4c sudt xudt
hién céc tin p(x,) = 1/8; 1/8; 1/4; 1/16; 1/16; 1/16; 1/16; 1/4.

- Hay x4c dinh céc lugng thong tin riéng, lugng théng tin trung binh, dé du thifa cia tip tin?

- Hay 14p c4c tir md theo Shannon-Fano; theo Huffman?

-Xacdinh #, 1. g7

- Biéu dién cay cho tap m3

Cdu_6: M3 khoi tuyén tinh 1 gi? Thudt todn mi hod ? Thuat todn gidi ma sira sai? Cho mi khéi
tuyén tinh M(7, 4), ¢6 ma tran sinh:
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- Biét cdc bit thong tin 1=1010, tim tir ma V tuong img?

- V& mach dién m3 hod?

- Thu duge tirma P=1111010. Giai ma tiy ma nay?

- V& mach dién gidi ma?

Cdu 7: Ma Cyclic 12 gi ? Thuat todn m3 hod ? Thuit todn gidi ma phét hién sai ? Cic thuat todn
giai md sira sai ? Ma Cyclic duge (ing dung & dau ?

Cdu 8: Ma Cyclic C(7, 4), biét da thic sinh g(x)= x*+ x*+ |:

- V& mach dién mi hod?

- Biét céc bit thong tin I= 1010, tim tirma V twong ting?

- Thu duge tir ma P= 1001101, gidi ma tir ma nay bang thuat todn chia dich vong, hoac phuong
phdp phan tich phan du (Meggit)?

Cdu 9: M Cyclic (7, 3), c6 da thitc sinh g(x) = (x +1)(x> + x? +1)
- Xdc dinh da thifc kiém tra h(x)?

- Bi€t cdc bit thong tin ddu vao 1= 110, tim tir ma V tuong ttng?

- V& mach dién mi ho4?

- Thu duge tirma P = 1011011, giai ma t¥ ma nay?

- V& mach dién gidi ho4 theo phuong ph4p chia, dich vong?

Céu 10: M Cyclic C(7, 3), ¢6 da thic sinh g(x) = (x +1)(x> + x +1)
- Xdc dinh da thic kiém tra h(x)?

- Biét c4c bit thong tin ddu vao [ = 110, tim tit ma V tuong tng?

- V& mach dién ma ho4?

- Thu dugc tr ma P = 1011110, giai ma tir ma nay?

- V& mach dién giai hod theo phuong phap Meggit?

Cdu 11: Phan tich da thtte (x' +1) thanh c4c da thic nguyen t6, duge:

P 4D = (DO +x+ D +x D 5t + D) 41 4 1 +x+1)
- Céc phuong 4n chon da thic sinh g(x) va xdc dink ma C(15.k) twong \ng, ciing cdc tham s&
clia b ma: khodng cdch Hamming cuc tiéu d,, s& 18i phat hi¢én duge e, s6 18 slta duge t 2 Trinh
bay két qua theo bang sau:
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Chon da thic Ma C(15.k) Khoang cdch S6 161 S6 161
sinh g, (x) turong 'mg ctre tiéu- d, phét hién- e sira- t

Cdu 12: Ma RS (7, 5, 2), biét cdc chudi bit thong tin c6 dang:
1=010_011_101_011_111
- Xac dinh tirmd V wong (mg?
- Thu dwoc chudi ma: P = 111_011_101_100_110_101_111, hay gidi ma P dé tim chudi ma,
chudi bit thong tin da phat hay P, I?
Cdu 13: Ma RS (7, 3, 4), biét cac chudi bit thong tin ¢ dang:
1=010_011_101
- Xac dinh tir ma V tuong ing?
- Thu duge chudi mi: P = 010_110_111_101_000_010_101, hay giai md P dé tim chudi ma,
chudi bit thong tin da phat hay P, T?
Cdu I14: Ma xodn X(2, 1, 2), mach dién ma hod nhu bai hoc:
- Bit cdc bit thong tin 1 = 110101..., tim tr ma V twong ting bing phuong phép da thic két n6i,
hoac phuong phéap so d6 trang thai ?
- Thu duge tap ky hieu mi P =11-01-11-00-01-..., hiy giai ma bang thuat todn Viterbi tim tap ky
hieu ma ding P va tap bit thong tin diing I?
- M3 xodn duoe ing dung & dau ?
Cdu I5: Ma xoin X(2, 1, 3), ¢6 so 46 ma hod nhu hinh dudi:

Y

al //,;1’:’6
N

Biét céc bit thong tin ddu vao I = 11010...

- X4c dinh t4p d4u mi ddu ra theo phuong phép da thic két ndi?

- Xdc dinh trang thdi clia céc 6 ghi dich tuong Ung, n€u trang thai ban ddu A=1107
Cdu_16: Thuat tosn RSA, bi&t khod cong khai KU = {5, 161}, van ban ma C = 66. Hay:
- X4c dinh khod riéng KR? '

- Tim van ban 15 M?
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Cdu 17: Xét QTNN dimg X(1), c6 HMDSX 1 chiéu dang:
fix)=ae |x| v a>0
- Xdc dinh hé s6 a, v& d6 thi ham f(x)?
- Xéc dinh ham F(x) v vé& d8 thi ctia n6?
- Xéc dinh k¥ vong E[X(t)], phuong sai D{X(1)]?
- Xdc dinh xdc sudt 9 X(t) 14y gid tri trong khoang (0, 1)?
Cdu 18: Phan tich cic chudi xung s(t) c6 d6 thi nht hinh v&, thanh chudi Fourier. Clu ¥: chudi

xung a) ¢6 bién do 1a A von, chu ky T msec;
chubi xung b) ¢6 bien do 1a A/2 von, chu k¥ T msec;
chudi xung c) ¢é bién do 12 +A/2 von, chu k¥ T msec.
V6i céc gid tri cu thé: A = 1,5 von; T = 0,5 msec

~8(t)

-3T/2 120 T2 3172
b) 18(t)
c)

/% A

Cdu 19: Cho tin hiéu s(t) 1 chudi xung vuong tudn hoan (nhu thi du trong chueng 5). Cho bién

d6 xung A=1von, d6 rOng xung 7 = | musec, chu ky chudi xung T = 6pusec. Hay:
- Vi€t chudi Fourier clia tin higu s(t)?
- Xéc dinh it nhat 7 gid tri cia bién do (C,), tdn s6 (fi) tuong dmg cia cdc thanh phan tdn phé
clia chudi (bit ddu tir C,)?
- V& da thi phd bién do - 1dn s6?
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Cdu 20: Tin hiéu audio c6 phé tan s6 F = 16 + 20.000 Hz, dwoc s6 hod bing thuat todn PCM.
Hay:
a) Xdc dinh tdn s8, chu k¥ chudi xung mau thod méin dinh 1y &y miu. Ldy 3 thi du vé tdn s6
chudi xung méu thod min diéu kién niy va cé du trit chéng trim pho?
b} X4c dinh tdn s¢& Nyquist
¢} Cho rang LPF cla mach mi hoa/giai mi 1a 1y tudng, hay xdc dinh tdn s6 cit F, cha ching?
d) Cho rang qud trinh lugng tir hod 14 déng déu, qua trinh ma hod mdi xung mau dugc tir ma dai
16 bit. Hay xdc dinh s& mic lugng 1t hod N, t6c do bit ddu ra R phit hop véithidu 1 & mué a)?
Cdu 2I: Dem diéu ché s6 diy s6 liéu I = 11001..., ¢6 van téc bit 10,5 Kb/sec theo sa dé:
- ASK khod ON- OFF;
- FSK vdi 2 muc tdn s&:
- vit BPSK.
- V& dé thi thdi gian cilia c4c tin hiéu diéu ché€ ndy (tuy chon gia thi€t v€ cic tin s8 séng mang
£
- V& d6 thi phé ciia cdc tin hiéu diéu ché trén?
- X4c dinh cdc bé rong pho tin hiéu di€u ch& (W)?
- Né&u dem diéu ché diy s6 liéu trén theo so d6 4QAM, xdc dinh bé rong phd cia tin hiéu?
Cdu 22 : Tin hi¢u di€u ché bién do, bi€t:
- Dao dong mang u (1) = 10 cos(2aft +6);
-Tin hiéu diéu ché s(t} = 3 cos(2nF 1) + 2 cos(2al,t) + 5 cos(27F ),

. Lap biéu thifc tin hi¢u diéu ché bien do?

. Tinh céc chi s6 diéu ch& ?

. V& d6 thj phé bién d6 - tdn s& (Cho ring: {, >> (F, > F,> F\))?

. Xdc dinh bé rong phd tin hiéu (N&éu F, = 2F,= 3F, = 13,4 kHz)?
Céu 23: Tin hieu diéu tdn FM, biét chi s6 diéu ch€ m = 3,5; t4n s6 cia tin hi¢u dem diéu ché
F =3,1kHz. Hay:
- X4c dinh do di tdn cuc dai 4, ?
- V& a6 thi phd clia tin hi¢u FM (sir dung 66 thi cha cdc ham Bessel loai I) va x4c dinh bé rong
ph6 clia n6?
Cdu 24: Cic vu diém chinh cla diéu ché OFDM?
- Néu mot vii tng dung ciia diéu ché OFDM va thir giai thich vi sao diéu ch€ OFDM dugc sir
dung & d6?

Cdu 25: Cho da thiic nguyén thiy g(x) = x> +x+1

- V& mach dién tao chudi m, cing mit chén ciia n6?

- Xdc dinh chudi ¢ v4i nap ban ddu 1017
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- X4c dinh céc gid tri mat chan, néu chudic’ = 774 c?

Cdu 26: Cho da thitc nguyeén thily g(x) =x* + x+1

- V& mach dién tao chudi m, cling mat chén cha ng?

- Xdc dinh chudi ¢ v6i nap ban diu 10017

- Xdc dinh cdc gid tri mit chin, néu chudi ¢’ = 74 c?

Cdu 27: V& mach dién tao tap chudi Gold véi cap da thic bac 5?

- V6i nap ban d4u clia ca hai mach 1a 11100, hay xdc dinh tap chudi Gold?

- VE&d6 thi ham R, () clia cap chudi x, y?

Cdu 28: Xéc dinh tap chudi Gold véi m = 3 khi gid tri nap ban dau 101?
-V& dé thi ham R, (1) clia céip chudi x, y?
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PHU LUC 1: CHUONG TRINH VA KET QUA TiNH DFT [cos(cn)]

Program DFT [cos{on)];

Uses Cirt;

const

pi = 3.141592653589793238;

K =32

var

n: interger;

a, b ireal;

T1,T2, T3, T4, M1, M2, Re, Im : real;

Begin

Clrser;

a:=(3*p)/(K-1);

b:=(2*piyK;

Forn:=0to (K-1)do
Begin
T1: = ((0.5 + 0.5*cos(b*n))*(1- cos (a-(b*n})))-((Q.5*sin(b*n))*(sin(a-(b*n))));
T2: = (0.5 + 0.5*sin{b*n))*(1- cos (a-(b*n))))+((0.5+0.5*cos(b*n))*(sin(a~(b*n)}));
T3: = ((0.5 + 0.5%cos(b*n))*(1 - cos (a-(b*n))))-((0.5*sin(b*n))*(sin(a+(b*n))));
T2: = ((0.5 + 0.5*sin(b*n)}*(1- cos (a+(b*n))N+((0.5+0.5*%cos(b*n))*(sin(a+(b*n))));
M1 =((1-cos(a-(b*n)))*(1-cos(a-(b*n))))+((sin(a-(b*n)))*sin(sin(a-(b*n))));
M2: =((1-cos{a+(b*n)))*(1-cos(a+(b*n))))+((sin{a+(b*n)))*sin(sin(a+(b*n))));

Re:=(T1/MD+(T3/M2);

Im:=(T2/M1)-(T4/M2);

Writeln(n,”:’,’Re[X(*,n,"}]="Re:6:3,”*,’ Im[X’.n,")]=",Im:6:3);

end;

readln;

End.
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2:

D OO~ O n Bt

10:

[2:
13:
14:
15:
16:

17:

18:
19:
20:
21:
22:

23

30:
31

KET QUA DFT [cos(an)]

0: Re[X{(0)=1.000
[: Re[X(1)=-0.106
Re[X(2)=2.855
: Re[X(3)=1.594
: Re[X(4)=1.282
: Re[X(5)=1.090
: Re[X(6)=0.933
: Re[X(7)=0.791
: Re[X(8)=0.657
: Re[X(9)=0.530
Re[X(10)=0.412
: Re[X(11)=0.305
Re[X12)=0.210
Re[X(13)=0.131
Re[X(14)=0.069
Re[X(15)=0.025
Re[X(16)=0.000
Re[X(17)=-0.005
Re[X(18)=0.008
Re[X(19=0.038
Re[X(20)=0.083
Re[X(21)=0.140
Re[X(22)=0. 205

: Re[X(23)=0. 275
24:
25:
26:
27
28:
29

Re[X(24)=0.343
Re[X(25)=0.404
Re[X(26)=0.449
Re[X(27)=0.466
Re[X(28)=0.425
Re[X(29)=0.238
Re(X(30)=-0.931
: Re[X(31)=2.086

Im[X(0)]=0.000
Im[X(1)]=7.251
Im[X(2)]=-12165
Im[X(3)]=-4.147
Im[X(4)]=-2.443
Im[X(5)]=-1.623
Im{X(6)]=-1.118
Im[X(7)]=-0.772
Im[X(8)]=-0.524
Im[X(9)]=-0.343
Im[X(10)]=-0.213
Im[X(11)]=-0.122
Im[X(12)]=-0.062
Im{X(13)]=-0.026
Im([X(14)]=-0.008
Im{X(15)}=-0.001
Im[X(16)]=-0.000
Im[X(17)]=0.001
Im([X(18)]=0.008
Im[X(19)]=0.026
Im[X(20)]=0.062
Im[X(21)]=0.122
Im{X(22)}=0.213
Im[X(23)]=0.343
Im[X(24)]=0.524
Im[X(25)]=0.772
Im[X(26)]=1.118
Im[X(27)]=1.623
Im{X(28)]=2.443
Im[X(29)]=4.147
Im[X(30)]=12.165
Im[X(31)]=-7.251
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PHU LUC 2: CHUONG TRINH TiNH DCT { x(i)]

Program DCT [x(i)];
Uses Crt;
const
pi = 3.141592653589793238;
n=_§;
var
i, v: interger;
X, Y, TG, B : array[0..n-1] of real;
Cu : real;
Begin
Writeln (‘Nhap x(i) °);
fori:=0to0(n-1)do
begin
write(‘x[*.1,] ="% {Nhap céac gid tri chia x(i}}
readin (x[i]};
end;
foru:=0to(n-1) do
begin
Clrscr;
if (u< > 0) then Cu: =lelse Cu: =1/sqrt(2) ;
TGul: =0
fori:=0to(n-1)do
begin
B[i]: = cos(((2*i +1)*u*pi)/(2*n));
TGlu): = TG[u] + (x[i] * B[, j1)
end;
Y[ul: = (TG[u] *sqrt(2/n)*Cu;
end;
writeln (‘Ket qua:’);
foru:=0tw0(n-1)do
writeln(‘y[*,u,’] =",y[u]:6:3,"});
readln;
End.
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PHU LUC 3: CHUONG TRINH VA KET QUA TINH DCT [ xd, j)]

Program DCT [x(i, j);

Uses Crt;

const

pi = 3.141592653589793238;

n=2§;
var

i, .1, v ! interger;
X, TG, B : array[0..n-1,0..n-1] of real;
Y : array(0..n-1,0..n-1) of interger;
Cu, Cv: real;
Begin
Writeln (*Nhap x(, j) :*);
fori: =010 (n-1)do
forj: =0t (n-1)do
begin
write(‘x[*.1,”,",§,"] ="); {Nhap cudng do sdng céc pixels}
readln {x[i, j});

b

end;
foru:=0to(n-1)do
for v:=0to(n-1)do
begin
Clrscr;,
if (u< > 0) then Cu: = 1 else Cu: = 1/sqrt(2) ;
if (v > 0) then Cv: = 1 else Cv: = 1/sqrt(2) ;
ylu, vli=0:
fori:=0to(n-1)do
forj:=0to(n-1)do
begin
Bli, jl: = cos(((2*i +1)*u*pi)/(2*n))* cos(((2*j +1)*v+pi}/(2*n));
ylu, vI: = y[u, vl + (x[i, j] - 128)* B[i, I;
end;
yiu, vl = y[u, v] *(2/n)*Cu*Cv;
end;
writeln (‘Ket qua:’);
foru:=0to(n-1)do
forv:=0to(n-1)do
writeln('y[*,u,",".v,"] =" \y[u, v1:6:3,")");
readln;
End.
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y[0,0]=-415
y[0,1]=-30
¥(0,2 ]1=-61
y[0,31=27
y[0,4] =56
y[0,51=-20
y[0,6]=-2
y[0,7) = O
y[1.0]1=4
y[1,1] =-22
y[1,2 ] =-61
y(1,3] =10
y[1.4]1=13
yl1,51=-"7
y[1,6]=-9
y[1,7]1=5

KET QUA DCT (xd, j)]

y[2,0]=-47
y[2,11=7
y[2,21=77
y[2.3]=-25
y[2.4]1=29
y[2.5]1=10
y[2,61=5
y[2,7]=56
v[3,0] =49
y[3,11=12
y[3.2]=34
y[3.31=-15
y[3.4]1=-10
y[3,5]1=6
y[3.61=2
y[3,7]1=2

y[40]=12
y[4,1]1=-7
y{4,2]1=-13
y[4.3] =4
yl4.4]1=-2
y[4.5]=2
y[4.6]=-3
y[(4,7]1=3
y[5.0]1=-8
y[5,1] =3
y[5,2] =2
y[5.3]=-6
y[5.4] =-2
y{5,5]=1
y[5.61=4
y{3.71=2

y[6,0 =-1
y[6,11 =0
y[6.2] =0
y[6,3] =-2
y[6,4] =-1
y[6,5] =-3
y[6.6] =4
y16.7] =-1
y[7.0] =0
y[7.11 =0
y[7,2] =1
y[7.3]1 =4
y[7.4] =1
(7,5} =0
y[7,6] =1
y[7,7} =2
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