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LGI GIG1 THIEU

Matlab (Malrix Laboratory) theo tén goi clia né, 13 mot cong cu phén
mém clia Math Work, han ddu nd dugce phét trién nhim phuc vu chil yéu cho
viée mo 14 cdc nghién cfu k¥ thuat bang todn hoc vdi nhimg phan tlr co ban 1a
ma tran. Trong c4c linh vuc k¥ thuat chuyén nganh nhu dién va di¢n tir, vat Iy
hat nhan. diéu khi€n tr dong, robot cong nghiép, trong cdc nganh xir 1y todn
chuyén dung nhu théng ké - k& todn vk ngay ca trong Yinh virc nghién cfu vé
gien sinh hoc hay khi hdu va thoi 1iét... thuong gap nhimg dit licu roi rac
(discret) ta ¢o theé luu triv dudi dang ma tran. Con d6i vdi hé dit ligu lién tuc
(continuous) nhu 4m thanh, hinh anh, hoac don gian nhu cdc dai luong vat 1y
tuang tu (analog): dién ap, dong dién, tdn s, 4p sullt, hu hegng... phai dugce
hi¢n ddi thanh cac tin hiéu s6 (digital) roi mai tap hgp lai trong céc file dir ligu.
Qua trinh do6 ¢4 thé duge & 1Y bang cde ham todn hoc clia Matlab.,

Mitc phat trién clia Matiab ngay nay da ching to né 12 mét phan mém
¢6 giao dién cuc manh cing nhidu 1gi the trong k¥ thuat 18p trinh d€ gidi quyét
nhitng van dé ral da dang trong nghién ciru khoa hoc k¥ thuat.

Trude hét, cdc cau lénh clha Matlab duge viet rat sdt véi cdc mo ta k¥
thuat khién cho viée 1ap trinh bang ngon ngit nay duge thue hign nhanh hon, dé
hon so véi nhiéu ngon ngit da te¢s nén thong dung nhu Pascal, Fortran... Nhimg
ham sdn ¢6 trong Matlab c6 cau tric thiét 1ap gan giong nhu ngon ngit C, bdi
vay nguoi st dung khong mat nhiéu thi gio hoe hdi khi da ndm duge nhimg vén
dé cu ban clia mot s6 ngon ngl 1ap trinh thong dung.

Tigp theo, Matlab khong chi cho phép dat van dé tinh todn ma con ¢6 thé
xir ly dir liéu, bidu dién dd hga mot cich mém déo, don gidn va chinh x4c trong
khong gian 2D ciing nhu 3D, ké ¢4 khd nang tao hoat cinh cho nhitng mo t4 sinh
dong, boi nhitmg cong cu nhur cde thir vién chun, cic ham sdn ¢6 cho cac ing
dung da dang, cdc @p Inh ngdy cang dwge md rong boi 25 thu vign trg gidp
(Tools bux) va ban than cdc ham (ng dung duge tao 1ap boi ngudi s dung.
Khong cén nhiéu dén kicn thic vé mdy tinh ciing nhu k¥ thuat 1ap trinh c6 tinh
x40 thual, ma chi can dén nhitng hicu bict co ban vé ly thuyél sa, todn ing dung,
phiong phip tinh va kha pang 1ap trinh thong dung, nguoi sir dung da cd thé dling
Matlab nhu mot cong cu hitu hi¢u cho linh vue chuyén nganh cla minh.



Sau hét, viée cai dat Matlab thét 12 d& dang. Ta chi can chi ¥ doi chiit
néu mudn diing thém cdc thar vién trg gitp nhu Simulink, Fuzzy, Toolbox, DSP
(Digital signal Processing) hay muén tich hgp phdn mém nay v4i mot vai ngén
nglt quen thude ciia ngudi sir dung nhu C, C++, Fortran... Matlab ¢6 thé hoat
dong trén hau hét cic he mdy tinh, tr mdy tinh ¢4 nhan (PC) dén cic hé may
tinh I6n (SC); véi cdc version 3.5 trd vé trude, nd chay trong moi trudng
MS-Dos., cde version 4.0, 4.2, 5.1, 5.2 chay trong méi trudng Windows. Con
fai, cdc version Matlab khic can dén moi trdng wong tdc Unix.

bugc cac cong ty phan mém hang ddu trén thé gidi phét rién, ngay nay
Matlab da tra thanh cong cu pho bién, ddc lyc trong cdc moi truding cong (¢ rét
khic nhau, it viéc gidng day. dao tao trong cac nhi trudng dai hoc va trung hoc
chuygn nghiép, dén viée tri€n khai (ng dung trong cdc co s¥ nghién ciu, sin
xudt, dich vu va thuong mai; tf cdc linh vire khoa hoe co ban nhu todn hoe, vat
ly, héa hoe, sinh hoc... dén cic linh vye k¥ thudt cong nghiép, kinh t&, quéc
phong... Nhan thite rd kha nang ng dung manh mé ciia nd, tap thé tic gia gém
cdc nhad chuyén mon clia Trudng cao ding Su pham K¥ thut 1 va Trudng dai
hoc Bdach khoa Hi Noi da diy cong swu tap va bién soan cuén "C(J SO
MATLAB VA UNG DUNG" d€ kip thdi cung cdp cho ban doc mot cong cu
htru higu cla tin hoc img dung, khi¢n ¢b méy tinh cta ban trdy nén thi vi hon,
hi¢u qua hon trong cong viéc hang ngay.

Cudn sach duge soan thao cho muce dich tu dao tao, ¢6 dan ¥ sdng sia,
£0m cdc van dé mang tinh hé thong tr nhitng khai niém co ban d&én k¥ thuft 1ap
trinh. Cdc tdc gia da trinh bay het ste ty my nhitng van dé d6 hoa trong khong
gian 2D va 3D, k& ca cic van dé mdu sic va kiém sodt cic hé méu, vén 13 mot
khia canh dugce phan 16n ban doc quan tam. Pac biét & phan nhimg ham trong
thu viéa trg gidp, nhimg van dé xir Iy tin hiéu s6 ciing nhu viéc tng dung phén
mém Simulink dé md phong va phan tich mot hé thdng hoat dong véi cic dac
tinh tuy€n tinh hay phi tuyén, theo thai gian lién tuc, gidn doan hay hbn hop véi
nhiéu téc do khic nhau, s& cung ¢ap cho ban doc nhitng kién thitc nang cao
trong qua trinh sit dung Matlab. .

V@i niém tin vé sie thuyét phuc ctia ban than phin mém Matlab, ching
101 xin tran trong gidi thi¢u cling ban doc cuon sach ¢ gid i nay.

Ha Nou, He 1999
Pas. Pts. Ta Duy Liém
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LSI NOI PAU

Cac nha khoa hoc, c¢dc k§ su va ky thudt vien luon luén quan tam dén
vi¢e phdt trién, nang cao kha nang tinh todn va xir 1y trén mdy tinh nhimg vin
de chuyén mon rét da dang ciia ho. Nhung d€ vigt dugc mot chuong trinh bing
ngdn ngl 1ap trinh ¢ap cao nham giai quyst nhimg vén d¢ nhu vay, thudng phai
ton nhi€u cong sdc va thivi gian, nhat 13 ben canh nhitng kién rthiic sau sic clia
chuyén nganh khoa hoc k¥ thuat, ngudi lap trinh cdn phai ¢6 hidu bist tudng tan
vé h¢ thong mdy tinh, vé ban than hd mon todn hoe va nhimg xao thuat cla ky
thuat 1ap trinh. boi khi didu d6 12 nan giai d6i véi cde nha chuyén mon k¥ thuat,

bé tao didu kien tmg dung nhanh chéng va hiéu qua cho cdc nha chuyén
mon ngodi nganh tin hoc, cdc chuyen gia phét trién phin mém da thist lap
nhiing cong cy trg gitp cho nhimg muc dich sir dung da dang trén nhiéu linh
vie chuyén mon khic nhau. Matlab ciing chinh 13 mdt trong nhitmg phin mém
nhu vay.

Matlab ¢6 1hé 1am duge nhimg £i? Matlab hoat d0ng ra sao? Ai cé thé
hoe va sirdung Matlab?

Matlab 1a chuong trinh phan mém try gidp cho viée tinh todn va hidn
thi. NG ¢6 thé chay trén hdu hét cic h¢ may tinh, tir mdy tinh ¢4 nhan dén cac hé
super computer. Matlab duge diéu khién bai tap cic I¢nh, tic dong qua ban
phim trén cira 58 didu khién. N& ciing cho phép mot kha nang lap trinh vdi cyd
phip thong dich 1énh - ¢dn goi la script file. Cac Iénh hay bo 1énh cia Matlab
I¢n dén con s6 hang tram va ngay cang duge md rong boi cac phan Tools box
(thur vién triy gidp) hay thong qua cdc ham g dung duge tao 18p bdi ngudi sit
dung.

Cic Iénh clia Matlab rat manh vA hi¢u qud, né cho phép giai cdc loai
hinh todn khéc nhau va dac bigt hitu dung cho cdc b¢ phuong trinh tuyén tinh
hay cdc bii todn ma tran. Cling vai 25 Tool box khic nbau, Matlab cho ban mot
su lya chon hoan chinh va phong phi cdc cong cu trg gidp dic lyc cho nhfmg
linh vyc nghicén cifu chuyén mén khéc nhau.

)i



V6i Matlah, cic van dé cdn gial quyét cua ban s& duge phan tich va xir
ly theo 5 bude nhu saw:

Bude 1: Dat van dé

Bai todn dira ta cdn duge phan tich, biéu dién maot cdch rd rang va cu
thé. Day 12 bude md dau rdt quan trong, 66 quy& dinh toan ho hudng giai quyét
ti€p theo cla bai todn dat ra.

Bude 2: Mo 1a cde gid tri dir ligu vao/ra.

Viéc mo ta cdc thong tin cdn gidl dép c6 lién quan tryc ti€p dén céc
tham s6 duoc sit dung trong tinh todn, bdi vay bude nay can duge tien hanh cén
trong. Trong nhiéu trudng hop, so 4o khéi duge sir dung d€ xdc dinh vi trf cdc
fudng vaofra, tuy nhicn doi khi chiing chi 1a cdc hop den vi khong thé xd¢ dinh
duge ludng ra tai mot diém nao d6 trong céc bude. Mac ddu vay, ta vin chi ra
duge nhimg thong tin d€ tinh todn luong ra.

_ Bude 3: Cic tinh todn bang tay véi céc tap dir ligu ddu vao don gian

Day |2 bude tién dé nhadm tim ki€m nhimg giai phap cu thé, ban khong
nén b qua k& ca dai vai cdc bai todn don gian. NCu trong budc nay ban chua
iy ducc dif licu hay chua tinh duge ddu ra thi ¢6 the chuyén sang budc k& ticp.

_ Budc 4: Chuyén bdi todn sang giai phdp béng Matlab

3 bude ny ban s sir dung cdc ham todn, cling la cdc &nh dé mé ta bai
todn theo MaitLab,

- Budc 5: Kiém tra

pay 1a budc cudi cling frong Gién trinh gidi bai todn. Bai toén duge kiém
tra bing céc dit ligu dAu vio. Matlab thye hi¢n bai todn va cho ban ké& qua &
dau ra.

Trong trudmg hgp khong ¢é ket qua hoae két qua sai thi diéu dé6 cé
nghia la Matlab chura thye hién duge hai todn, ban can kiém tra lai ca tinh toén
hang tay vi thao tac bing Matlab.

¢ minh hoa cy the, ta hay ldy mot vi du:

Dat van dé: Giai bai todn "Tinh khodng cach gilra hai di€ém cho trude
trén mot dudmg thang thuge mat phang xac dinh”

Mo ta: Diém 1: P1=(1,5) Khoang céch giita hai diém

pidm2: P2=(4,7)



Thao tdc tay: Tinh khoang cich gita hai didm bing cong thifc
Pythagorcan '

Giai phép bing Matlab: >>Pl ={1,5]
>>P2 = [4,7)
>>d = sqrt (sum(P2-P1Y*2)
Kiém tra: >>d=
ans
3.6056

MatLab ngay nay da trd nén thong dung va 1a mot cong cu trg gitp hitu
hi¢u cho cdc nha chuyén mén, nhimg sinh vién dang theo hoc trong céc trudng
dai hge va trung hoc chuyén nghiep, cic k¥ su, cén b0. k¥ thuat ... nhdm giai
quyCt cdc van d¢€ rat da dang trong cong viéc thudng ngay cla ho.

bé cung cap cho ban doc them mat cOng cu hir ich nita cha tin hoc dng
dung, ching 101 gidi thi¢u cudn sdch "Co 5§ Matlab v (mg dung”. Tap thé téc
gia xin chén thanh cam on cdc ban b2, déng nghigp da ddng g6p nhiéu ¢ ki€n
b6 fch cho viéc soan théo; cam on cdc cén b0 bién tap cia nha xuit ban Khoa
hoc va Ky thuat da bo nhidu cong sie dé gidp cho cudn séch sém ra mét phuc
vu ban doc. Ching t6i ciing xin cdm on Pgs. Pts. Ta Duy Liém da gianh thi gidy
hi¢u dinh va gidi thi¢u cling ban doc cudn séch nay. Chéc chan l4n xust ban déu
tien khong thé trdnh hét cdc thigu sér, chiing t6i mong dugc su chi gido clia ban
doc va dong nghicp,

CAC TAC GIA



PHAN THU NHAT
CO SO MATLAB

CHUONG 1

CAC KHAI NIEM CO BAN

1.1. HOAT PONG CUA MATLAB

Matlab 3.5 tr& xudng hoat dong trong moi trudng MS-Dos.
Matlab 4.0, 4.2, 5.1, 5.2 ... hoat ddng trong mdi trudng Windows.

Con céc version Matlab khac thi lam viéc v6i moi truong tuong téc
Unix. :

& MATLAB Command Wind

B

hel[; help =
atsnew, info, subscribe @

Commands for more in

» |

Hinh 1.1. Giao dién man hinh khi khoi tao Matlab 4.2.

Viéc khai dong Matlab trén mdi hé th6ng mdi khac. Trong moi trudng
Window hay Macintosh chuong trinh thudng dugc khdi dong théng qua viéc
nhén chu6t trén céc icon hay con goi la céc bidu tugng. Con vdi moi trudng
Unix, Dos thong qua dong 1énh



\ Matlab

Giao dién cta Matlab st dung hai cira s6: clra s6 thit nhit dugce su
dung dé dua cdc lénh va dir liu vao dong thoi d€ in két qua; clra s6 thit hai
trg gitdp cho viéc truy xudt do hoa dung dé thé hién nhiing 1énh hay két qua
dau ra dudi dang d6 hoa.

Viéc ngit chuong trinh dang thue hién hoac cic chuong trinh thyc hién
khong ding theo yéu ciu déu thong qua phim néng Ctrl + C.

Pé thodt ra khoi moi trudng lam viée Matlab, ching ta ¢ thé sir dung
lénh cua Matlab la :

omman g z =
ommands for more information: h

whitebg

load logo

surf(L,R)

title( ' Giao dien Matlab ')
mesh(R)

mesh(L,R)

title{ ' Giao dien HMatlab *)

Hinh 1.2 Hai cira s6 giao dién cia Matlab



1.2. CAC PHIM CHUYEN DUNG VA CAC LENH THONG
DUNG HE THONG

1 hoic Ctrl + p

4 hoae Ctrl +n

Goi lai leénh vita thue hién trude do
Goi lai teénh d3 ddnh vae trude do

—> hoic Ctrl +f Chuyén con trd sang phai | ky tu

« hoac Ctrl +b Chuyén con tré sang trii 1 ky

Ctrl + 1 hoac Ctrl + « Chuyén con tro sang trdi 1t
Ctrl + r hoac Ctrl + = Chuyén con tré sang phai 1 ti
Ctrl + a hay Home

Chuyén con trd vé dau dong

Ctrl + k Xod cho dén cudi dong

Cic 12nh hé thiong
casesen off - B thude tinh phan bigt chit hoa va chir thudmg

casesen on - St dung thude tinh phin biet chi hoa va chitf thudng

cle - Xoi clta s6 dong lénh

clf - Xod ctta 56 do hoa

computer - Lanh in ra mot xdu ki ty cho higt logi may tinh

demo - Lénh cho phép xem cic chuung trinh mau (minh hoa
kha ning cua Matlab )

exit, quit - Thodt khéi Matlab

Ctr-c - Dimg chuung trinh khi né bi roi vao tinh trang 1ap
khong ket thic

help - Lénh cho xem phin frg gidp mat sa cde lenh duge st
dung trong Matlab

input - Nhap dir lidu tit ban phim

load T cic bieh di duge hou trong 1 fite dua vao ving
fam viée.

pause - Ngimg tam thési chuong trinb

save

- Luu giit cic high vao file cd tén [a Matlab.mat



1.3. BIEN VA THAO TAC CUA CAC BIEN
1.3.1. Bién trong Matlab

Tén cdc bign trong Matlab ¢ thé dai 19 ky tr bao gdm cic chit cai
A-Z hay a-z cling cac chit 6 cling nhuy mot vai cic ky tu dac biét khdc
nhimg ludn phai bit dau bang chit cdi. Téen cla cdc ham da dugc dit ciing ¢6
thé dugc sit dung lam tén cda bignh véi digu kién ham nay s& khdng duge si
dyng trong sudt qui trinh ton tai cha bi€n cho dén khi ¢ lenh clear xo0d cic
bi€n trong bo nhd hay clear + tén cla bién.
clear - Xod ¢lta s6 dang sir dung, xod ving nhd danh
cho cdc bién. Trong trudng hop nay tat ca cic bién
dugc dinh nghia trude d6 deu bi xod.
clear name - Chi xad bién ¢6 tén 1a name
clear namel, name2, ... - Chi xod bi€n c6 tén duge liét ké sau lénh clear
(namel, name2 ...)
clear value - Xod bién theo gid tri cho trudc
pack Lénh duge thuc hién nham muc dich sdp xép lai
cdc bign cling nhu ving chifa bién cda bd nhd.
Khi bd nhd cia mdy tinh day, lénh pack cho
phép tao ra thém ving bd nhd cho bign ma
khong phai xod di cic bién di ton tai. Cong vige
durge thuce hién nhu sau:
I. Tat ca cac bién trong bd nhd duge nap lai trén
dia dudi file pack.tmp.
2. Viung bd nhd co s s& duge gial bhéng
3. Cdc bién sé duge nap (load) vao bd nhd tir file
pack.tmp
4. File pack.tmp bi huy bo
pack filcname Sdp x€p lai bd nhd véi file trung gian 6 tén 1a:
filename

Binh thudng Matlab c6 sy phan biét cic bién tao bdi chit cdi thudmg va
chit cdi hoa. Cic Ig¢nh cua Matlab néi chung thutmg sit dung chit cai thudng.
Vige phan biét d6 c6 thé duge bod qua néu chiing ta thuc hién 1énh




Kidm tra su ton tai cha cic bign trong bo nhé thong qua bo 1énh

who
whos

who global

exist( namestr )

Hién thi danh sach céc bi€n da duge dinh nghia

Hién thi céc bieh d3 duge dinh nghia ciing kich thudc cha
ching vi thong bdo ching ¢6 phai 1a s6 phifc khong.
Hién thi cic bign cuc bo

Hién thj cdc bién phu thude vao cich cic bién duge dinh
nghia trong chudi namestr. Hium s& trd Jai gid tri sau:
Né&u namestr 1a tén cia 1 bign

N&u namestr 1a tén cta 1 fileam

N&u namestr 13 tén coa | MEX file

NE&u namestr la tén cia ham dich bai SIMULINK

Néu namestr ¥a tén cia ham duge dinh nghia trude bai
Matlab.

1.3.2. Po 16n cua bién

Do 16n hay chidu dai cua bign vector ciing nhu ma tran ¢o thé duge
xdc dinh thong qua mGt s6 ham ¢d san ctu Matlab.

size ( A)

| mn|=size( A)

size (A, p)

size(x)

lengh(x)
lengh(A)

Cho ra mot vector chita kich thude ma tran A. Phin tu
dau tien cla vector 1 s& hang clia ma trin, phan tx
thit hai 13 sd ¢dt coa ma trdn.

Trd gid tri do [dn coa ma tran A vio vector xdc dinh
s hai bignm va n.

Pua ra gid tri 86 hing cta ma trdn A néup =1 vaso
cOt cia A néu p >= 2.

Pua ra vector md ta dj ldn cia vector X. Néu x la
vector himg m phian nr thi gid tri dau cua vector Jam
vh gid tri th hai 12 1. Truiing hop x 13 vector ¢dt n thi
gid tri thit nhat s¢ 1a } va thit hai 13 n.

Trd gid tri chigu dai cha vector X

Tré gid tri chidu dai ¢ha ma trdn A. Gid tri thu duge
<& 4 m néu m>n vi nguge lai s& hin néu n>m.



1.3.3. M6t 56 bién duge dinh nghia trude

ans

esp

realmax

recalmin

1.3.4. 86 phirc

Bién cho trude duge gan cho phép tinh cudi cing cia

_cong viee tinh todn khong bién gin.

Tra ra do chinh xde tinh todn clin mdy xde dinh boi
khoang tir | d&n mot hign diu phdy dong ti€p d6. Bign
esp dudge st dung nhu 1 sai 80 trong mot viu phép
todn. Ngudi sir dung ¢6 thé gdn gid tri mdi cho esp
nhung gid tri ¢ s& khong bi xod di béi ham clear.
Pua ra gid tri cta s§ 10n nhdt ma mdy tinh (chuong
trinh) ¢6 theé tinh todn dugc .

Dua ra gid tri cGa s§ nhd nhit ma mdy tinh (chuong
trinh) ¢é thé tinh toin duye .

a) Cic phép toan doi vdi sd phic:

i2

Phép toin Két qua
i+ ¢2 (a1 + a2) + i{b1 + b2)
Cl- L2 (a) - a2) + i{b - b2)
Cl. L2 (a1 a2- i, b2) + i, a2+ b b2)
¢l (a,.a,-b.b)+i(a.a,-b.by
2 al + bl al + b3
fell m

(DO 16n hay tri tuyét déi cia Ci)
2| at- i

(56 lién hop cha 36 phic)




B) Mot s6 ham

real(x)

imag(x)

conj(x)
abs(x)

angle(x)

¢) Toa 46 biéu

Ta ¢é thé

dac biét cla so phic

Ham cho gid tri phin thye cda sO phiie x. Neéu x=a+ththi
real(x )=

Ham fra lai gid tri phan do cha sd phite x. Néu x=a+ibth
mag(x)=h

Tinh s& 1ien hop cha s phide. Néu x=a+b thi conj(x)=a-ib
Tinh do 180, gia tri tuyet ddi cba so phitc,

Tinh goe cd gid w1 1 atan2(imag(x). real(x)), gia tri goc
nam trong khodng - dén .

dién s0 phitc

biu dién so phitc a+if trén heé truc tog do. Pai v hé truc

toa do décdc  phin thye duge bidu dien trén truc X x=4, phan do duge
bidu dién trén truc y: y=b. Dai vdi he toa do cuc, s6 phite duge bigu dién

bair, 8.

Trong do:

_ 2 2 r Y
r= a] + bz 1\
3 (2.3)
4 »
! b -
8 = tan"! — 2 S
a ‘.
N S e "
uoc lai : '
g ' ' 1 1 . &1 1 1 - X
1 T T 1 T 1 -
a=rcus 0 1 2 3 4
b =rsin 8 he

Trong hé

Hinh 1.3 Bidu didn 6 phik:

toa do cuc: o ldn (magnitude). va pha (phase) caa s0 phic

s& duge tinh todn nhu sau:
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Trong he toa do decic, phan thue (real) v phan do (@Gmaginary) sé
dudc tinh todn nhu sau:

Bicu dien s& phie: =a + iy

1.4. SO LUGC VE PO HOA TRONG MATLAB

1.4.1. Cac lénh thong dung trong do hoa bang Matlab

Mutlab st dung lenh X-Y Plots dé vé do thi, bidu do cho cdc théng tin
mot cich de dang. Trong khong gian 2D, vé do thi tdng quit theo dir ligu
dugc luu trong hai vector x,y. Trong trudng hap cic bigu do hay db thi mong
mudn duge bi€u dién trong khong gian 3D thi don gidn véi Matlab, ching ta
chi can ddi sang ding lénh X-Y-Z Plots dé vé.

plot{x.y) V& da thi theo toa di x-y
plot{x,y,7) Ve da thj theo toa d) x-y-z
title

Dua cac title viwo trong hinh vé

xlabel Pua cic nhin theo chigu x cia do thi
ylabel Bua cic nhin theo chigu y cia do thi
zlabel Dua cic nhiin theo chigu z ctia do thi
grid Ve cie dutmyg giong grid line trén do thi
plol(y) Ve do thi theo y D) qua chi sd theo y

N&u y 1a s6 phic thi do thi ducge v& s& 1a phin thuc va phan
a0 cla y.



>> plot{ real (y), image (y ) )

plot(x.y,5) plot ( x,y,s) vé theo X,y
plot(xy,2,:5) plot (X,Y,Z,S)vétheox,y, zvdi
s lir cde chi 8 s& liét ke & chuung sau
Vidu:
>> plot ( X, y, ‘b+')
VE do thi theo x viy y véi mau cla duding la mau xanh
duong va ky ty tyo nén dutmg 1a diu +
Vi du vé plot 3D trong Matlab
40
1
304
204
10
Q.
1
1
0 0
A1

Matlab rit manh trong vige xir Iy do hoa. Ta se d¢ cap van dé nay ro
hon & chuong sau.
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1.4.1.2. In an trén man hinh dé hoa

Vigc in cdc anh trén man d6 hoa ¢6 the duge t
menu [¢nh hay cdc [&nh cia Matlab.

hye hién thong qua cic

- In man hinh cha clta 8 d6 hoa hion thi ra may in.

- copy man d6 hoa theo khudn dang eps. File thu duge ¢§ thé dua vao
cdc trang vin ban

1.4.3. M6t s6 vi du mo ti d6 hoa

b6 thi ham sin2x, SIn(X"2) va sin(x)*2

\
s ML

14 [
L WP

Hinh 1.5 Haur sin2x, SIn(X )2 vi sin(xA2)
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4 kha nang v hiuu do hoy trong khang gian 2D. Gid su
A2 trong khodng 0 < x < 10. Viéc thao tic

a) Vi du mét
vt him sin2x, cos(x2 va (cosx
d& dang trén tap cic 1énh sau.

> yf = an{a? ¢
o y2 5#‘76\’ "2)

A trén mian hinh do hoa ham y theo vector X

Ham plot (x,y)séchar

hy Ham mo ti duitag cong tham hign trong khong gian 2D va 3D

Puimyg cong tham bién theu t véi t trong khoang tir [0 2*pt ) cho

két qua nhu trén hinh 1.6.

r Him tham bién

Hinh 1.6  Himr tham bién 2D



Vi gid tri cua t trong khang tir { 0 2%pi ] va khoang ciaula[0 1].
Boan chuong trinh sau cho ra hinh vé ham tham bién 3D.

1.5. CAC HAM AM THANH TRONG MATLAB

Matlab cho phép tao &m thanh théng qua cdc vector bdi 1énh sound.

sound (y) - Giri tin hidu cia vector y ra loa. Vector dugc sap
x&p vai bién do 16n nhat

sound {(y,f) - Thuc hién cong viée nhu him sound (y) véi f 1a dai
tin do bdi Hz. Lénh nay khong thuc hién trén céc
hé miy SunSPARE.

saxis - Tra gia tri giéi han cda truc 4m thanh trong vector
hién hanh.

axis( [min max]) - Xét thang cla truc &m thanh. Tang gi4 tri s€ cho 4m
thanh hon. Giam gid tri s& cho &m trdm hon.

saxis (str) - Xét truc 4m thanh theo chudi str.
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Vidu:

V& Matlab trén hé MS -Window cho phép ngudn sir dung thao téc véi
filc am thanh dinh dang wav bing hd [¢nh sau:

wavread { fsir) = [y] = wavread (wavfile)

- Poc dir Nidu am thanh tir file.wav xdc dinh boi chudi fstr viio tham
bi¢n y.

[y, fs]=wavread (...} nhu uen vdifs ia tin s

wavwrite (sv, f, wavliles)

- Ghi dit Lidgu am thanh tir vector sv vdi tan s6 f vao file xac dinh bai
hi¢n wavefile
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CHUONG 2

MA TRAN VA CAC PHEP TOAN MA TRAN

Trong chuong nay, ta s& xem xét cdc bi€n don, cic dai lugng vo
hudng, cac bidn ma tran cing céc phép tinh co ban, cic ham chic nang san
¢6 va cde todn tr duge sif dung trong phian mém Matlab.

2.1. VECTOR - PAI LUGNG VO HUOGNG VA MA TRAN

Khi gidi quyét mot van de ky thuat nao d6, can xem xét cic dit hicu
lien quan t6i vin d& d6. Mot sd dir ligu c6 gid tri don nhu dign tich hinh
vuodng, mot 53 dit lidu lign quan tdi nhidu dai lugng nhu toa do 1 diém trong
khong gian gom 3 gid tri X,y,Z ...

Tit ca nhitng dit lidu nay ¢é dang cdu tric ma tran (matrix). Cic phan
tir ctia ma tran dugc sép xép theo hang va cot. Mot gid tri don ¢6 thé coi la
mot ma tran chi ¢§ duy nhit 1 hang va 1 ¢ot hay con goi la dai lugng vo
huéng (scalar). Ma tran chi ¢6 mdt hang hodc mot cot duogc goi 1a vector. bé
truy nhap téi 1 phan ti cha ma tran ta stt dung chi s3 hiing va c¢ot cta no
(subscripts).

Vidu: Cy4
Kich thudc clia ma tran duge thé hién hai (mxn) ¢ nghia la ¢6 m hang
va n cot.
2.1.1. Cach nhap gia tri cho ma tran hay cac dai lugng vo huong
C6 bén cach vao dit liéu cho cic bién vo hudng hay ma tran.
+ Liét ke tryc ti€p cac phan ti cua ma tran
+ Doc dit ligu tir mot file d ligu

+ St dung todn ti ()
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+ Vio s0 liéa tryc tigp tit ban phim.
* Mot s6 quy dinh cho viée dinh nghia ma tran

Ten ma tran phai duge bit dau bing chir ¢di va ¢d thé chira ti 19 ky
tur 12 86, chif ¢di, hode diu gach dudi dage dat i bén trai ddu bang.

Bén phai ctia ddu bing la cde gid tri cia ma trdn duge viét theo thid tu
hang trong ddu ngode vuong.

Diu chdm phiy () phan cich cic hang. Cdc gid tri trong hang dugc
phan cdch nhau bai ddu phdy (,) hodc déu cich, ching cd thé 1a s6 am hay

duong. Dau thap phan duge thé hien 1 ddu chdm (). Khi ket thic nhap mot

ma trin phdi ¢6 diu (3).
a. Liét ké truc tiép

La cich dinh nghia ma twan mot cich don gifn nhdt. Cic phan tf cua
ma tran duce bt ke trong didu ngodc vuong.

Co thé xudng dong dé phan bigt tiing hang ma tran.

Vi du:

Khi s& phan i trén mot hang ciia a trin qui lon, ta ¢ 'thé ding dau
ba chim (...} d& thé hién sO phin tir cha hang vin cdn. Va tiép tuc viét cac
phan i &5 dong tiep theo.

Vi dy: Vector F co 10 phian ti ta ¢6 the viét nhu sau:




C6 thé dinh nghia mot ma trdn tir mot ma trén khdc nhwr san

Ma tran S ¢6 thé hiéu nhu sau: S =[3.0, 1.5, 3.1];

’

C6 thé truy nhip t6i tung phin t& mot bing cdch s dung chi s ciha
né:

Gid tri cha phan t thid 2 trong ma trn S s& thay déi tir 1.5 thanh -1.0.

Cing ¢d thé md rong ma trin bang cich thém cho né phin t mdi.
Thuc hién lénh sau:

Ma trian S ldc nay s& ¢6 4 phan ta: S =[3.0,-1.0, 3.1,5.5);

Neéu ta thue hién 1énh:

thi ma trin S s& ¢6 8 phan tit, cdc phan ni 8§(5), $(6), S(7) s& ty dong nhin
gid tr11a 0.

b. Poc tir mdt file di liéu da co

Thong qua lénb load cho phép nhip vio dir ligu cua ma tran luu trir
trudc trong dia

¢. Su duag todn tu ()

Dau hai chim (0) duge st dung dé tao vector tif ma trin. Diéu nay tao
digu kién cho thuan lgi trong vige x 1y 80 licu.

- Vi du: Mudn v& bidu do theo hé toa dd x,y cho 1 file dit liéu nao do,
ta & dang ghi cic sb lidu x vio | vector va cde s0 ligu y vao 1 vector khic.

Tai vi tri cBia diu (1) trong ma tran, nd dai dign cho 1t ca cac hang
hodc tdt ca cde cdt.

_ Vi du: Cic lenh sau day s€ dua tat ¢i cic dif ligu ¢ cot tha nhat trong
ma tran datal vao vector x vi toan bd dit licu & ot thit 2 cia ma tran vao
vector y:
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Dau hai cham con ¢6 thé sit dung lam ky hicu tdng quat trong ma tran
mdi. Néu dau hai chim nam & gitta 2 s0 nguyen, thi nd dai dign cho tat ca
cdc sO nguyén ndm gilta 2 s& nguyen d6. Vi du: diu = - 7 1 ky hiu tong
quat ctia vector H ¢o chia cile w0 tir 1 dén 8.

N&u dau hai chiam nam & gitta 3 0, thi né dul dign cho tit ¢ cdc so ¢d
gid tri tir sO thif nhat dén s6 i 3, s6 thiy 2 duge sd dung lam mice tang.

- Vi du: diau =7 liky higu téng quit trong vector hiang co tén TIME
¢6 chifa cie 50t 0. 0 dén 5.0 ¢& mdc tang 1a 0.5:

Mitc ting am duyge the hien trong vi du saw:

Diu * : " con duge stt dung dé chon cic ma tran con tir mOt ma trdn
khac.

- Vi du: Gia stt ¢ ma trdn C duge cho nhu sau:

Diang lenh:

Ta se nhin duge ma trdn sa

C_PARTIAL_1=[0 O C_PARTIAL 2 =[1 -1
10 0 OF
-1 0
0 25
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Neéu ddu = : ™ dinh nghiu cde chi sd khang hop 1é nhu C(5:6,5), thi sé
¢4 hién thi thong bao 164,

Trong Matlab mis trdn rdong (empty matrix) 1y gii tri hap 1€, Ma tran
rong cé thé duge dinh nghia nhu sau:

Mu tran rong khdc véi ma triin ¢hi toan s6 0,

Cudi cing, C) tuong duong vidi mot cot dai ¢ chida ¢ot dau tién cia
mia tridn C, tiep den L oot that hai ciia ma tran C, va ot nhu vay tiép tuc. Day
fa toin ta rdt manh coa Matlab.

d. Vao s6 liéu truc tiép tir ban phim

Ta ¢6 the nhip ma tran 1 bin phim.

Ca phap:

&> Z = input(Nhap gid tri cho ZJ;

Khi thye hien feénh nay, miiy s hién thi xau ky tu ‘Nhap gid trj cho 2
va doi ngudi su dung nhap 86 ligu vao. Ngudi st dung ¢6 thé gd mot bidu
thic nhusau [5.1 6.3 -18.0] d€ xic dinh gid trj cla Z. Néu ngudi st dung
chi gd enter ma khong nhip gid tri nio vio thi ma trin Z s& duge coi 13 ma
tran rong. Neu lénh két thic vai diu () thi gid tri cla Z s& duoe hién thi.
Neéu khonyg cé dau () thi khdng duge hién thi.

2.1.2. Hién thi ma tran

Co nhieu cich dé hien thi ma trin. Cich don gidn nhit gd tén cha ma
rdn roi enter. Tuy nhién, 6 mot s 1énh duge ding dé hidn thi ma tran vai
cice phan to ma trin duge bi¢u dién theo nhigu ki¢u khde nhau.

Dang mic dinh 14 5 chiy s6 ¢4 nghla sau didu thap phan (goi 1y short
format). Mot s6 dang hién thi khic duge ligt ké dudi day:
Jormat long Dang s& chit sa ¢ nghia dii (15 ¢hit 86 ¢6 nghia san
dau thip phan tra len)
Jormat short Con goi 1 defaalt format (¢d 5 ¢hit sd ¢ nghia)

Jormat short e Dang s6 phay dong ngén (dudi 10'7)
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Jormat long e Dung s6 phdy dong ldn (nr 10" wa len. Vi du

6.023¢+23)

Jormat Hidn thi dadu (3m, duong) clia cdc phin ti cda ma trdn.

format compact  Chao phép gism khodng cich gilta cic phin ti trong ma

trin

format loose Huy bo 1enly format compact trd lai ché do hién thi
thong thuomg.

disp Hién thi thong bdo trong ddu ngode don hodc hién thi
noO1 dunyg i Ma tran.
Vi th'
Tu s¢ nhan (hr(_ru: 78 (1(_1 F
Trong do femp 13 t€n cila ma trdn chita 1 gid tri nhiet do
F 1 78.

fprinyf Lénh nay cho phép in tham «& dau ra theo ddng dang

md ta meng mudn: ¢ text va ca gid to s0. Trong l&énh

niy co the cd chia ¢it nhimg dong trong. CG phap cha
neo nhu sau:

>z )?:Jnnr( dinh-dang, matrdny.  :

Trong dinh dang ¢6 thé chifa i text v cic ky higu dang dac bigt (%e,
%t %g, n —duge ght frong cap diu nhdy dony digu khién cich in cic gia
tri cha ma trin. Néu su duny:
- Ghe cic gin tel duge in ra dudi dang 88 phiy dong.
- %t cie gin tr duge in ra dudi dang 80 phiy tinh.
- ng thi gid tri dugc inra o thé co dang s& phdy dong hode tinh
tuy thude vao bin than no. '

-\n Ihi l dfmg tr(ing s€ dum.‘ inra. Vidu

Nglua Iu sv vi tri danh dé in gid tri cla lnc’n temp 1 4 v mot s6 sau
dau phay.

Na s¢ duroe hieén thi nha sau

Nhiet do la: 7T8.0dO F



2.2. CAC MA TRAN PAC BIET

Matlab ¢d sin mot s6 ham luu cic hiing, gid tri dac biét va cic ma tran
dac bigt.
Matlab ¢é mat s& ham dé tao ra cic ma tran dac bigt.

2.2.1. Ma tran ma phuong (magic(n))

Ma phudng biac n 12 ma trdn vudng ¢ap n bao gdom cic sd nguyén tir 1
dén n2. Cdc 86 nguyen duge s8p x&p sao cho tdng cdc phin ti trén mot hang,
mot ¢ot, duiong chéo la bang nhau. Ham cGa ma tran ma phuong téng quét
chi ¢an mot tham s3 13 bac cda no.

Vidu:

dans =
16 2 3 13
5 11 10 8
9 7 6 12
4 14 15 1

2.2.2. Ma tran 0 (zero)

Ham zerosim,n) ta ma trin ¢d kich thudc mxn chita toan s& 0. Néu
tham s& ciia hiim chi ¢6 1 gid tri thy ham 13 ma tran vudng. D& tao ra ma tran
0, ding ham zeros(n), zeros(m,n), zeros(A) vdi A la ma tran bat ky.

Vidu:

ans =

o o o ©

e ©® o o
©c o o o
o o o o
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3.2.3. Ma tran 1 (ones)

Ham ones duve dinh nghia giong nhu ham zeros nhung 58 O dugc thay
bdi 80 1.

Vidu:

ans =
] 1 1 1
| T B |
| AD I N|
(A U

2.2.4. Ma tran duong chéo dac biét (Identity Matrix)

Ma tran dudmg chéo la ma trdn ¢6 cdc phan td ndm trén dutmg chéo
chinh 1 1, con cac phan tir & vi tri khic 1 0.

Vidu:

ans =
1 ¢ 0 0
¢ 1 0 ©
o 0 t 0
0 0 0 |

Chd ¥ 1a khong chi ¢6 ma tran vudng mdi co dutmg chéo chinh ma
khii niém niy con md rong cho ca ma trdn chit nhat.

2.2.5. Ma tran duong chéo mo rong eye(m,n)

. La ma tran dutmg chéo hinh ¢hit nhat ¢cd m hang, n ¢ot. Cac phan tir cé
chi s8 hang v ¢dt bang nhau ¢6 gida tri 12 1, tai cde vited khic cdc phan t co
gid tri 1a khong. Khi ham chi ¢ 1 gid tri tham 56 thi ma tran dudng chéo md
rong € trér thinh ma ran dutmg chéo. Ma trin nay duge tao ra b ham
eye(m.a) eye(n) cye (C) {gidng cic dinh nghia trén).
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¢

c 0
0 0
1 0
0 1

oo o O

2.2.6. Ma tran Pascal (pascal(n))

L ma tran chia cde gid tri cua tam giie Pascal.

Vi du:

11
[ 2
13
1 4

11
3 4
6 10
10 20

2.2.7. Cac ma tran dac biét khic

compan
gallery
hadamard
hankel
hilh
invhilb
kron
FONSer
toeplitz
vander

wilkinson

Companion nurix.

Several simall test matrices.

Hadamaurd matrix.

Hankel matrix.

Hilbert matrix.

Inverse Hilbert matrix.

Kronecker tensor product.

Classic symnietric eigenvalue test problem.
Toeplitz matrix.

Vandermonde matrix.

Wilkinson's eigenvalue test matrix.



2.3. CAC PHEP TOAN VO HUONG
2.3.1. Biéu thitc 5o hoc:

Phép toan Biéu thirc s6 hoc Matlab
Céng a+b atb
Tra - a-b a-b
Nhan axh a*b
Chia a/b a/b
Chia phai a:b a:b
Chia trai b:a b:a
Luy thia ab a’™b

dN =

1.2000 2.20

2.3.2. Thit tu uu tién cua cac toan tu

Khi mot 56 todn tir ¢é the két hyp trong mot biu thde s hoc, thi diéu
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quan trong nhat [a phai bigt thit tu vu tién cha cde todn tir trong bicu thite,

Thit tu wru tien Todn tix

1 Ngode don
2 lug thira

3

nhin va chia, tir trdi qua phai

4 cong va trlr, tie trdt qua phai

Vi du:

x3 - 2x2 4 x - 6.3

x2 + 0.05005x - 3.14

Neéu x la mot giid ri vo hudng thi gid tri cda £ sé duge tinh theo cdc
lenh sau:

tor/ denominat

2.3.3. Cac phép toan vector

Phép todn Cong thie Viét dudi dang Matlab
Cong a+hb a+Dh
Trir a —Db a-Db
Nhan mang axh a.¥h
Chia phai mang a/b afb
Chia trdi mang hfa aNb
Lu§ thita mang al A

Cic phép toan trén khong chi dp dung gita ¢ic ma tran ¢6 kich thudc
bing nhau ma con dp dung githa cic dai lugng vo hudng va dai luong ¢6
hudng.

Vi du: B =3*%A; C=A/5;
B=A* C=A/S:
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Véc td B va C 12 vée to ¢ kich thude bing véc to A, Xét hai vée tu
nhu sau:

Tich hai véc ta 1a vée ta C s€ duge vigt nhu sau:

Véc to C sé chia cde phin tir nhu sau:

C=[4 15 30]

Matlab ¢6 hai phép chia:

Chia trii : C=A./B; % Gid tri clia C tha duge s& la: C=[1 1667 1.2]

Chia phil: C=ANB; % Gid tri cta C thu dugc s la: C=[1 06 0.883]
Todn ti mi doi val vée ta:

C =AM, WmC=[4 25 36]

D= AAB; % D=[4 125 7776]

E=30/; %E=[9 243 729]

Lénh niy con ¢ thé viet L E = (3).MA;

Chiy: E=32rA; % Seduge xetf suu.

E =73 AA; % Néu b khoang trong gita s3 3 vi ddu chdm thi ding

Cic vi dy trude xét cho cic vée ta, nhung két qui vin ding cho cic
ma trin hang vi cot. Xét cac lénh sau:

K&t qui thu duge s€ la nhimg ma tran nhur sau:



1 2 3 4 5 L1 1 1 1
D= Z:
12 3 4 5 11 & 1 1

01 2 3 4 02 6 1220
2-3 4 -5 -6

w
1

_ 1 8 27 64 125
SQ=
| -1 27 64 -125
Thong thutmg, cdc dit ligu k¥ thuat duge luu dudi dang ma tran. DE xa

1y chilng mt cdch thudn tién, phian mém Matlab do dé duge xdy dyng gom
nhicu ham ¢d thé xir 1y cde sé ligu dudi dang ma tran.

2.4. CAC PHEP TOAN MA TRAN

2.4.1. Ma tran chuyén vi

Ma tran chuyén vi cta ma tran A la mot ma tran mdi, trong dd ¢6t cda
ma tran mdi la hing cda ma tran gée. Ki hieu la AT,

Vidu:

Al= 1 2
1 3
1 4

Cic phan t& hang cGa ma trin A trd thanh phan tir ¢ot cda ma tran AT,
Trong Matlab ki higu ma tran chuyén vi 12 A’ Cé thé sit dung todn ti ma
trin chuyén vi dé chuyen vecta hang thanh vectd cot va nguge la,
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2.4.2. Tich vo hudng ciua hai ma tran cung co
Ki hiéu todn hoc la:
dot-product = A.B =Z a.b;
Trong Matlab:
dot-product = sum(A.*B);

Neéu ca A va B deu la vecty ¢t hoac hang thi A*B ciing la mat vecta.
Néu A 12 vecto hang va B [ vecta ¢dt thi tich vo hudng duge tinh nhu sau:

dot-product = sum(A"*B) = sum(A.*B');

dans =

27 43 63

2.4.3. Nhan ma tran

C=AB

Trong do: Cij=2 AxBy

S& hing c¢la ma tran A phai bang s6 cot cua ma trgn B. Chia y Ia
AB=BA (¢6 thé ton tai tich AB nhung khong ton tai tich BA). Ki hi¢u phép
nhin ma trin trong Matlab:

Vi du: Véi dit liéu cho trong hai ma trgn A va B. Phép nhan ma trin
duge thuce hién dudi day.




C=
26 44
62 107
* Phép lu¥ thira:

Cu phiip: Ark =CA*A* . _*A) #A k

57 U8
156 213

2.4.4. Cac thao tac ma tran

a) Rotation (phep quay)

Cidc phan tir cia ma trdp A duge quay mot gée 90° theo nguge chigu

kim dong ho.

Vidu:
2 10 0 -1 6
A= 205 -1 ==> B = rot90(A) = 1 5§ 4
T4 6 2 -2 3

Ham rot90 ciing ¢6 tham sé thit hai dé xdc dinh thue hién 58 [an quay

¢ha cic phan t trong ma trdn A,

Vi du:
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Hai dong lénh trén twong duong véi dong lénh sau vdi tham sé lan
quay la 2

b) Bdo ma tran

Trong Matlab c6 hai ham duge sir dung dé ddo mot ma tran tao ra ma
trin mdi;

Hiplr(A) ham ddo cde phin tit cla ma trin ma tran A tir trdi sang phai.

Vi du:

302 1
6 5 4
g 8 7

Hipud(B) ham dao cic phin tir cita ma tran B tir trén xuéng dudi. Ma
tran thu dugce k&t qua nhu sau:

C=
9 8 7
6 5 4
302 1
¢) Reshape

Ham nay cho phép dinh dang lai ma tran v6i s8 hing va s§ ¢ot khdc
véi ma tran gdc. 86 phin ti cha ma trin gdc va ma tran di dinh dang lai
phai bing nhau. Ham ¢6 ba tham s6: tham s dau 13 ma tran gdc, hat tham
s0 con lai 1a 83 hang va s6 ot ciia ma tran mdi.
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2 1 0
A= 205 -
3 4 6

2-231540—16

d) Trich céc phan i tir mot ma trén
Cic ham diag, triu, tril cho phép trich cac phan i tir mot ma tran. CO

2 ham lién quan téi duong ¢héo chinh:

diag(A) Liy cdc phan td treen duong chée chinh va luu vao mot

vectd ¢Ot.

diag(A,k) Chon dudng cheéo tuy thude gid tri K.
k=0 chon dudmg chev chinb.
k>0 chon dutimg ¢héo thirk & tren duting chéo chinh
k<0,chon dutmg chéo thit k & dudi dudmg chéo chinh.

A=diag(V) Neu V 1a vecto ta dugec ma tran yuong A voi vectd la
dudmg chéo chinh.

B=triu(A) Sinh ra ma tran B cung ¢ chita cdc phin tr cia A nam
wrén dudmg chéo chinb vi phia frén duong ¢héo chinh.
Cic vi tri Khic bing 0.

triutA.k) Li ma trin cing ¢& vai A chifa 6 phan tif tir A & ngay
trén va & phia trén dugng chéo thit k, cde vitri khéc bang
0.

tril(A) {3 ma fran cing ¢ v A chida sG phin it A nim dudi
dudmyg chéo chinh. Cac vi tri khic bang O.

tril(Ak) La ma tran cing ¢ voi A chifa G phan ti i A O ngay
trén va & phia dudi duomg chéo thit k, cdc vi tri khde
bang 0.
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Vi du: Vai dir liéu 1a ma trin A da cho sau

Cidc ham trich phén tlf cGa ma trin duge vigt va thé hien két qua trén
man hinh thé hién :

1 2 3 4
5 6 7 8
0O 10 11 12
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B = % Cidc pliiin t con lai duge cho =0




CHUONG 3

LAP TRINH TRONG MATLAB

3.1. CAC PHAN TU CU BAN CUA LAP TRINH

3.1.1. GiGi han clia céc gia tri tinh toan trong Matlab

D6i véi phan 16n cic may tinh, khoang gid tri cho phép tu 10°% dén
10°%. Gia st ¢6 nhimg Iénh sau:

Tuy gi4 tri clla X va y ndm trong khoang cho phép, nhung gia tri cua z
12 2.5¢400 lai nim ngoai khoang gid tri cho phep. LASi nay duge goi 1a tran
8 mii trén (exponent overflow). Gid tri clia két qua qud ldn déi vai vimng
nhé clia mdy tinh. Trong Matlab, ket qua nay dugc bidu dién 1a .

Gia tri cla z s& 12 2.5e-400.

Trong Matlab két qua nay dugc biéu dién 12 0. Chia cho 0 12 mdt toan
t& khong hop le. Néu mot gid tri c6 han dugc chia cho 0, két qua nhan dugc
<& 1 oc. Matlab s& in ra mot 15 canh bio va st dung gia tri oc dé ti€p tuc tinh
“ndn cac phép tinh sau do.
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3.1.2. Cac ky tu dac biét

[ 1]

()

P

%

\n

Dang ma tran. Diing d& quy udc cho viec bidu dién hay vao s6
ligu cho céc bi€n vector hay ma tran. Cdc phan tlt trong bién dé
dugce cdch nhau bai dau space hay ddu *,” néu trén cing hang hoac
cot. Cic ¢dt hay hang s& phan cach nhau boi ddu *;” hay Enter.

vi duy:

s>a=[123;456;789)

ans =

1 23

456

789

Dang chi s8. Danh cho cdc bi€n cua ham hay cic chi s& cdc phan
tit trong ma tran khi ¢an duge nhap hay bidu dien.

Phan tich giita cdc chi s8 va cde phan tf cia ma tran

Phan tich cdc ma tran, cac lénh, cdc hang cia ma tran

Dau nhic cho 1gnh sau

Thé hién sy ti€p tue cha lénh & dong sau

Phan chd gidi dong lénh duge ghi sau ddu nay dong dé hiéu rd
nghia 1 dong 1énh chi khong tham gia vio chuong trinh

Cdch ghi tong quat ma trin

Ddu hieu tao dong mdi

3.1.3. Cac gia tri dac biét

pi
1,1
Inf

NaN
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Gid tri ctia 7t tir dong duge dua vio bigh ndy (314156 ..)
Cic bidn ndty ¢6 gid tri 4o J-1

Bign nay dai dign cho gid tri o« cia Matlab, thé hién két qua chia
¢ho 0. Mot 1 canh bdo s& hién ra, n€u ban muén hién thi két qua
chia cho 0, gid tri hién thi 1a o

Gid tri vo dinh, biéu thac khong xac dinh: 0 chia 0.



clock Ham cho bigt gid tri cda thoi gian hign tai bao gdbm nim, thing,
ngay, gid, phat, gidy.

date Ham cho biét gia tri hién tai ctia ngay duge cho bdi | xau ky t.
Vi du:
ans =
10-Jun-97
eps Ham xdc dinh do chfnh xdc cha $0 thuc trong qui trinh tinh todn
ans Bi¢h ndy duge ding dé chia gid tri tinh todn cla bicu thic nhung

khong ghi vio ten bién.
3.1.4. Bién string

Bi&n string trong Matlab duge s dung nhu cdc bign so thong thudng
khic cha Matlab. Bigu dé ¢d nghia bién duge nhap, thao tic va juu trir trong
cde vector vl méi phan 1 clia vector [a 1 ky tu. Cac ky t duoe luu tri
trong vector dudi dang ma ASCIT cla chinh nd, tuy nhien khi hi¢n thi trén
man hinh dong k¥ tr s& duge xuat hién chit khong phai md cua ching.

Viée xdc dinh vi trf cla mdi phan tif cha bign string thong qua chi s6
cla né trong vector. Ma tran cia cic ky tu hay string ciing ¢ thé dugc sir
dung nhung mdi phan ti trong do phai bang nhau.

Vidu:

ans =

Truomg DPai hoc bich khoa Ha ndi

Matlab cho phép thao tic trén cic ky tu theo vi du dudi day.
a) Ddo nguoc chudi ky tr

Function d = dao_tu ( name )

for i = length (name) -1 1 1

newname { £ ) = name( length(name) + 1 - i );
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end

d = newname;

end

b) Ding I phin cia chudi Strx}}g

F

(“Trrong 0/ 18 . 5 name.(1:24 )}

ans =
Trucomg tot la : Truong Pai hoc bach khoa

¢) Két hop cdc string khdc nhau tao ra 1 string moi

T6i - text?2 = "ybul
>> toxt
2> lext, L R o
ans =

Tai yéu Truong Pat hoc bich khoa

d) Cidc lénh vor bién string

abs (str ) Tra lai gid tri 12 1 vector véi cde phan ti cua vector la
cdc mi ASCI cia cée ky tu trong chudi str.

setstr ( x ) Chuyén vector x vai cic phan i Ja cdc s8 nguyen
trong khoang O -> 255 thanh chubi str theo md ASCIL

num?2str ( f )

Chuyén déi dai lugng vo huéng f thanh chudi string
cho viée biéu dién cdc s6 ¢6 ddu phiy dong. Lénh nay
thudmg di cling vdi disp, x label hay cic Ieénh truy xudt
dau ra khac. Gia tri midc dinh la 4 chit s6.

num2str ( £,k ) Chuyén ddi dai lugng vo hudng f thanh chudi string

cho viée bidu dién cdc s6 ¢6 ddu phdy dong vdi k chit
s0.
int2str (n ) Chuyén ddi s¢ nguyén n thanh chudi string cho viéc
bigu dién s& nguyén do.

rats (x, strlen) Chuyén déi s6 ¢6 ddu phdy dong x thanh chudi string
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phan thifc x4p xi cho viéc bidu dién s&. strlen 1a bign
md ta chigu dai cua chudi vdi gid tri mac dinh 13 13
chir s6.
hex2num (hstr)  Chuyén déi 56 theo hé hexa thanh chudi string bi€u
dién cdc s6 theo hé decimal bae gom ca ddu phdy

ddng.

hex2dec (hstr)  Chuyén déi s6 theo hé hexa thanh chubi string bidu
dién cde $6 nguyén theo hé decimal.

dec2hex (n) Chuyén doi s6 theo h¢ decimal thanh chudi string bidu

dién cdc $6 heé hexadecimal.

3.2. CAC HAM TOAN HOC TRONG MALAB -

Matlab cting st dung cdc him logarit, cdc ham luyng gidc, cic ham
mil, cic ham dai s6 ... d& tinh todn.

Cac ham nay ding doi vai cde tham 6 ta cdce dai lugng vo hudng va
ca ma trin. Néu ham duge ding ddi véi cdc tham s& 13 ma tran thi ham s&
cho ket qua la mot ma tran ¢6 cung kich thude va méi phin ti cha ma tran
nay cd gid tri trong dng véi cic phin td cia ma tran di cho.

Tham bién va tham tri cia ham duge dat trong ddu ngodc don di cing
vOi tén ham. Ham ¢6 thé khong ¢6 hodc ¢6 nhigu tham s& phu thuoe vao
dinh nghia cua né. Néu ham ¢4 nhigu tham s& thi gid tri cha cdc tham s& s&
duge truyén dén theo didng tha ty cla né. Mot s& ham doi hoi truyen tham sd
theo nhimng don vi quy dinh.

Vi du nhu ciac ham lugng giac thi don vi cha cic tham s phai la
radian. Trong Matlab, mét s6 ham s dung tham s& dé truyén gid tri dau ra.
Vi du ddi vai ham zeros ¢é thé sir dung mot hodc hai tham s8, tham s& th
hai dé chita gid tri diu ra.

Cac ham nay khong duge dat & beén phat ddu bing va biéu thitc vi né la
gid tri chit khong phdi 12 bign. Mot ham ¢6 thé 1 tham s clia mot ham khéc.
Khi mdt ham duge st dung lam tham s, nd phai duge dat ddng vi tri. Theo
mdc dinh tén him duoc viét bing chid thudng trir khi ban s dung lénh case
oft.



3.2.1. Ham toan hoc co ban

abs(x) Ham tinh gid tri tuyét doi cta X

sqri(x) Hiam tinh can bac hai cta x

round(x) Lam tron x vé so nguyén gan nhat

fix(x) Lam tron s0 x vé 0

floor(x) Lam trom vé phia -oc

cell(x) Lam tron ve phia o

sign(x) Ham cho gid tri Ii -1 néu x nhé hon 0, gid tri bang O néu x
bang 0, ¢b gid tri 2 | n€u x 1on hon 0

rem(Xx,y) Ham trd lai s& du clha phép chia x cho'y

exp(x) Ham tinh gid tri cda ¢

log(x) Ham tinh gid tri In(x)

log 10(x) Ham tinh gid tri log, ,(X)

3.2.2. Ham lugng giac co ban

Quy ddi radian ra do va ngude lai duge tinh todn theo ca¢ lénh sau:

jans = angle. degrees™{ pit180); =
Tinh sin cia goc x, khi x ¢é don vi do la radian
Tinh cos clia goc x, khi x ¢ don vidola radian

Tinh tan cha goc X, khi x ¢d don vi do 1a radian

asin(x}) Tinh arcsin cta x, khi x niim trong khoing [-1,1}, ham tra
lai goc co gid i radian trong khoang -7/2 dén 7/2

acos(x) Tinh arceos ciia x, khi X nam rong khoang [-1,1], ham tra
fai goc 6 gid tri radian trong khoing 0 dén &

atan(x) Tinh arctang ctia x trong khoang -1f2 dén /2

atan2(x,y) Tinh arctang cla y/x trong.Khoang -7 dén m, tuy thudc vao

diu cha x vay
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b = 2% 2 2%F T % Tao lap vector x vdi cac gia trj it

Vi du:

x:
-6.2832 -4.2832 -2.2832 -0.2832 1.7168 3.7168 5.7168

ans =

0.0000 0.9093 -0.7568 -0.2794 0.9894 -0.5440 -0.5366

s =

-1.4130 -1.3414 -1.1580 -0.2760 1.0434 13080 1.3976

3.2.3. Cac ham hyperbolic

sinh(x) Ham tinh hyperbolic sin cia x

cosh(x) Him tinh hyperbolic cosine cia x

asinh(x) Ham tinh nghich diéo cha hyperbolic sin cia x
acosh(x) Ham tinh nghich ddo cia hyperbolic cos cia x
atanh(x) “Ham tinh nghich ddo cha hyperbolic tangent x

Vi du:

dals =

-267.7449 -36.2286 -4.8530 -0.2870 2.6936 20.5544 151.96

ans =
Columns | through 4

-0.1605 + 1.57081 -0.2379 + 1.5708i -0.4697 + 1.57081 -0.2911

Columns 5 through 7

0.6662 + 1.5708t 0.275K + 1.57081 0.1767 + 1.57081

45



3.3. CAC DANG FILE SU DUNG TRONG MATLAB
3.3.1. Script file (M-files)

Cac chuong trinh, thi we bao gom cic dong 1énh theo mot thi tg nao
dé do ngudi sit dung vi€t ra duge luu trit trong cac files & phan md rong la
# m. File dang nay con duge goi 13 script file. File duge luu dudi dang ky tu
ASCI v ¢6 thé sir dung cic chuong trinh soan thao noi chung dé tao no.

Ta ¢6 thé chay file ndy gidng nhu céc 1enh, thi tuc cla Matlab. Tixc Ja
6 thé g6 ten file khong ¢an ¢b phan md rgng, sau do enter. Khi sit dung, noi
dung ctiia M-file khong ducse hién thi 1én man hinh.

Cu tric ngon ngi, todn i hay cic bo lenh cda *.m file, ching to1 gid
thi¢u k¥ hon & phan sau. Dudi day 1a mét 6 lénb he thdng twong tac vai *.m
files thuomg gap.

echo Leénh cho phép xem cilc lenh ¢6 trong *nrfiles khi ching
duoc thyc hién
type Lénh cho xem ndi dung file, ngam dinh file & dang M-file.
what Lénh nay cho biét tat ca cic files M-file va MAT-file ¢6
rrongvung lam vige hién hanh hay khong.
Sau day la vi du don gian nhit dua dong lénh HELLO ra man hinh
ciing v&i mot 0 yéu clu. File tao thanh duge luu trit dudi ten HELLO.m
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Sau cic ky tu % 1a chi diin cho hoat dong caa file.n. N& khong tham
gia vao hoat dong cua chuong tinh v cing khong hién thi [én man hinh trix
khi ta ding 1énh belp + tén file.

>> help helfo

Chuong trink heffo.m, Vi du vé phin I8p trinh trorig

Xin'chao' ban ! Héy lam quenvoi t6i .
3.3.2. Ham va tao ham trong Matlab

Ciic ham do ngudi s dung vigt ciing duge luu trong M-file. Ching

dugce st dung gidng nhu cic ham cda Matlab. Cic file ham phai duge viét
theo mot quy dinh ¢chit che.

* Cdc quy tac viét ham M-files
FUNCTION:

1. Ham phai duye hit diu hiing tir function, sau do Tan lugt 1a tham so
diu ra, diu bang, tén him. Tham s6 diau vio duge viét theo tham s6 dau vao
va duge bao trong ngodc don. Dong nay dinh nghia tham s6 dau vao va
tham 86 dau ra; phin bigt sy khie nhau gida tile ham va cic file seript.

2. Mot sa dong diu tién nén vidt chi thich cho ham. Khi st dung lénh
help var en ham, chd thich caa hiim sé duge hién thi.

3. Cic thong tin trd Jai ctia ham duyge luu vao tham sé (ma tran) dau ra.
Vi vay ludn kiém tra chide chdn rang trong ham ¢ chia ciu I¢nh in dinh gid
tri cua tham sO diu ra.

4. Cic bign (ma tran) ciing tén ¢ thé duge st dung béi ¢ ham va
chuung trinh ¢in dén nd. Khong ¢ sy ldn xon nao xdy ra vi cic ham va cic
chuong trinh deu duge thue hién mot cich tich biét. Cdc gid tri tinh todn
trong ham, tham so diu ra khéng chio tic dong ca chuong trinh.

5. N&u mat him cho nhigu hon mot gid tri dau ra phai viét tat ca cic
gid t tra kai cia ham thinh mot vee to trong dong khai bito ham.

Vi du:

function [ dist, vel, accel ] = motion(x}

% C4 ba gid tri phai-duoc tinh todn trong ham
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6. Mot ham c6 nhieu tham s& dau vao can phai liét ke chiing khi khal
bao ham,.

Vi du:

7. Céc bién dac biet pargin va nargout xic dinh 56 tham s dau vao, s8
tham s& dau ra duge sir dung trong ham. Céc tham sG nay chi 12 bién cuc bo.

Vi du mat hiun M-file € dude vidt nhu sau:

3.3.3. Files dir liéu

Cic ma tran biéu dién thong tin duge fuu trit trong cde files di hidu.
Matlab phan bigt hai loai file dif ligu khée nhau Mat-files va ASCII files.

Mat-files Tun cdc dif liéu & dang s6 nhj phan, con cdc ASCII file luu
cac dif lieu dudi dang cdc ki tu ASCIL Mat-file thich hop cho dif liéu duge
tao ra hodc duge su dyng bai chuong trinh Matlab. ASCII files duge st dung
khi cdc dif lign duge chia sé (export - mport) v cde chuong trinh khice céc
chuang trinh cta Matlab.

Lénh nay s€ luu cic ma tran X,y vao file ¢o tén la <ten file>, ngam
dinh cic files ndy ¢d phan md rong 13 *.mat. DE goi cdc ma tran nay, ta
dung lénh:

....::..E..:..::.::. )'> load <féf'lf[}‘e'}" ;;_:;:.. ) | .::_5_::._. B e e L S :;: .

ASCI files ¢6 thé dugc tuo bai cde chuong trinh soan thao ndi chung
hay cdc chuong trinh soan thao biing ngon ngit mdy. N6 cling cd thé duagc
tao ra bOi chuong trinh Matlab bing cdch sir dung céu lénh sau day:
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""" “>>5aye <tén file>.dat <tén ma trdn>/ascii; ..

Lic nay mdi mot hang clia ma tran duge lua & mot dong cda file di
ligu. Phan mé rong *.mat khong duge tu dong thém vio file ASCIL Tuy
nhién, phin md rong *.dat ma ta thém vao s& dé dang phan biét 2 loai Mat-
files va ASCII files.

B¢ goi ma tran loai ndy ta ding lénh sau:

| 3>oad <tén file>.dat:

Lénh nay s€ ty dong dat tén cho ma trin tring vdi tén file.

Vi du:

Viée 1ay dit li¢u ra dat duge qua bién t thong qua lénh load. Céc tham
3 ¢iin dén i lidu sé [y qua bién t.

5. >>load  dlt e
T
SRy S, 2)
e plot (X, y.); grid on;

3.4. CAC BIEU THUC QUAN HE VA LOGIC
3.4.1. Cac phép toan quan hé

Todn tor quan hé Y nghia
< Nhio hon
<= Nho hon hodce bang
> Lén hon
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>= Ldn hon hodc hing
== Bing
~= Khong bing

Phép so sdnh hai ma tran 12 phép so sdnh timg phan ti cia hai ma tran
cd cung kich thude, két qua sinh ra mdt ma trin cing ¢d ¢ cdc phin td nhan
gid tri 1 néu phép so sanh i ddng, nguae ai phian i nhin gid tri 0. Két qua
cia phép todn quan heé duge goi 1a bang sy that (ma tran 0-1).

3.4.2. Cac phép toan logic

Todn 1@ logic Ky higu
and &

or |

not ~

Bigu thic logic cho phép so sinh cde bang sy that giong nhu céc todn
tir quan hé. Bicu thic logic luon [a hgp 18 néu 2 bing su that ¢6 kich thude
bang nhau. Trong bicu thie logic todn tir not co the duge dit & phia trude.
Mot biéu thite logic ¢ thé chita nhigu todn tir,

Vl'du e ~(b==clb==55)

Thit ty cdc todn t trong bidu thie logic tis cao dén thap la not, and, or.
Tuy nhién, cling ¢ thé dang ngode don dé thay déi thir g nay.

Bang cdc phép logic
A B ~A A|B A&B
false false true false false
false true true true false
true false false true false
true true false true true

Trong Matlab tit ca cde gid tri khdc 0 déu duge coi 1a ding (true), con
gid tri biang O dugce col 1a sal (false). Chinh vi vay, phii hét sic than trong
khi digu khién chuong trinh bang cic bicu thie quan hé va logic.
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3.4.3. Cac ham quan hé va logic

any(x)
all(x)

find(x)

exist('A")

isnan(x)

finite(x)

isempty(x)

isstr(x)

stremp(y1,y2)

Ham «ho gid tri 1 1 néu mot phan tir cua x khice 0, nguoce
fai cho gid tn O

Ham cho gid tri 13 1 néu tat cd cdc phan tf cba ma tran x
khac 0, nguge lai cho gid tri la O

Ham tra lai vector chita chi s0 cla cic phin ti khic 0 cda
x. Néu x ' mot ma tran thi chi 8 duge chon tr x(2) va la
mat vertor ¢Ot fao nén bai cde cot cua x.

Hiam tra lai gid tri [ néu A 12 bién, 1a 2 néu A hodc Am la
file, 12 0 néu A khong ton tai trong vang 1am viéc. Tén bign

phii duge dat trong didu nhdy don.

Gid tri trd v& I ma tran oges néu cic phan tif cla ma tran X

1 NaN, nguae lal trd vé ma trdn zeros.

Gid tri trd vé 12 ma tran ones néu cde phan tr cua ma trdn X
Ia gia tei hitu han, tri v& ma tedn zeros khi ching 1a vo han
hodac NaM.

Gid tri tra v& | nu ma tran x 1a rdng, vir 0 n€u nguoc lai.
Gid tri tra vé 13 1 0éu x 1a mot xau, O néu nguge lai.

So sdnh hai xau yl,y2. Gid tri ra vé 12 1 n€u hai xau giong
hét nhau vi bing 0 néu nguge fai. So sdnh & day bao gom:
phan bigt chit hoa vi chit thutng, cac ky tu dau dong va cac
ddu cich ¢o trong xau.

3.5. CAU TRUC CAU LENH DIEU KIEN
3.5.1. Lénh if don

Ca phip: if <bidu thie logic>

nhdém lenh;

end

Né&u bidu thic logic [ ding, nhém lenh sé& duge thye hign. Néu bi¢u
thite logic 1a sai thi chuong trinh <& nhay tdi 1eénh end.



Trong trudng hop 2 la dai lugng vo hudng, néu a < 50, thi count tang
thém 1 vad a duge cong vao suny, trai lai cau lénh thd 2 khong duge thuc
hién. Trong trudmg hop 2 1a mot ma trén thi count ting thém 1 va nd chi
duge cong vio sum Khi moi phan tir cia nd nho hon 50,

3.5.2. Lénh if I6ng nhau
Cua phap:

if <biéu thic logic 1>
nhom lénh A;

if <biéu thic logic 2>
nhém lénh B;

end

nhom lénh C;

end

nhém lénh D;

Néu biéu thitc dieu kién | ding, chuong trinh s& thuc hién cdc nhém
1énh A va C; n€u biéu thifc diéu kién 2 ding, nhém lénh B s& dugce thue hién
trudc nhom lénh C. Néu biéu thie dieu kién 1 sai, chwang trinh thuc hién

ngay nhom lénh D.

3.5.3. Lénh else
Ci phdp:

52

1if <biéu thic logic 1>
nhdm 1énh A;

else

nhém lenh B;

end



Cho phép thue hién nhém Iénh A néu biéu thic logic 1a ding, ngugc
lai thuc hién nhém lénh B.

3.5.4. Lénh elseif
Khi ta ¢6 mot cdu tric [ong nhigu cau [@nh if-else, rit khé xdc dinh
nhom 1énh nao s€ duge thye hién khi bicu thic logic ding (hogc sai). Trong
trudng hop nay, ngudi ta su dung meénh de elseif 1am chuong trinh trd nén
trong sdng va dé hiéu hon.
Ca phip: if <biu thic logic 1>
nhom 1&nh A;
elseif <hi€u thie logic 2>
nhém lénh B;
elseif <bidu thirc logic 3>
nhoém lénh C;
end
Cidc menh de efseif ¢ theé dung nhizu hon nita. Néu biéu thitc 1 ding
thi thyc hién céu lénh A, né€u biéu thirc 1 sai va bi€u thitc 2 ding thi chi ¢
nhém I¢nh B dugc thue hign. N&u biéu thic 1, 2 sai va 3 ding thi chi c¢6
nhoém C duge thuc hién. Néu ¢6 tir hai bi€u thic logic trd 1én ding thi biéu
thic logic ding dau tién xdc dinh nhém 1énh s& duoc thyuc hién. Néu khong
¢6 bi€u thie digu kién nao ding thi khong ¢6 lénh nao trong cau tric /7 -
elseif duoc thi hanh.

Co thé két hgp 2 meénh de else va elseif
Ci phap: if <biéu thidc logic 1>

nhom l1énh A;

elseif <bidu thic logic 2>
nhom lénh B;

elseif <biéu thite logic 3>
nhom lénh C;

else

nhoém lénh D;

end

LA
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Neéu ¢a ba biu thec logic déu suai thi nhom 1énh D dugce thi hanh. Poj
lde, cdu trac if-elserfF con duge goi [ ¢l tric case bai vi cé mat SO trudng
hop duge kidm tra. Mai truemg hop duoe kigm tra bo maot bidu thie logic
tuong ting.

Vi du sau day minh hoa cie ¢iu tric ménh d¢ cau disy ki¢én. Chuong
trinh duge ghi trong file hello2.m

7 Mat
s ngéu n/uen s;nb"ra“:ba harm

.»6 Chtfcrng frm}: heffoz mé e‘a Céu a‘ruc cau o?eu kfen tron

rand
dfsp ( Xin chéo ’Ré}‘ hén hanb duoc am quen
x fx (30* rand)
d;sp ( Tuéf cia 17 trong khodng tir 0-30° )

gu = mpuf( tha Vao fuo,f oua. ban o
!f gu <x

dfsp{- 'Ban fm Hon t61:); .

efseffgu > x

d/sp ( Ban !an han 2'(5! )

d/sp { ?"ucir bah: béng !uéf AGF Y '

3.5.5. Cid phip cau diéu kién va break
Cid phap: if <biéu thie logic >, break |, end

Tt khod break vai cau lenh if cho phep thodt ra khéi vong lap néu
<hiéu thic logic> trong ciu dieu kién 1a ding, nguge lai s& thue hién nhom
lenh tiep theo trong vong tap do.

Vidu:

N]mp mot 8 duong, néu s6 d6 < 0 thodt khoj chuemg trinh. Néu s dé
chia het cho 2 hién két qua. Néu sa da khcmg chia hét cho 2 nhap s6 méi.
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while 1

= mpu{( Cho vao f sd ducmg thoat kh; n < QJ
' :fnf =0 . break, end
while n> 1

Cifrem(n, 2)==0

disp(-’ Sd’ durang cho vdo chia hét cho 2 nj-
break;

- else

_f f':;if:ga'fs;:( Sd duong cho véo khéng chia hét cho 2 1 Xin nhé' SGKI ic )5&5::
end . '

end

3.6. CAU TRUC VONG LAP
3.6.1, Vong lap for
Cu phip: for ¢hi s& = hiéu thite
nhom lénh A;
-end

Biéu thife ld mot ma tran (ciing ¢4 thé i mot vecta hay mot dai tuong
vO hudng), nhom fenh A duge thi hanh lap di [ap lai s6 [an bang s6 cot coa
ma tran bidu thite. Mai [an Iap, chi s¢ s& nhan gid ti ctia mot phin td cia ma
trin.

Chu y: Néu trudmg hop ta khong biet kich thude clia vecto, ta st dung
ham Jengrh dé xidc dinh s0 [an ta mudn lap.

* Qui tic sur dung vong Iap for:
+ Chi sd cla vong lap phai li bien,

+ N&u ma tran bidu thic [a ma trdn rdng thi vong 1ap for sé khong thuc
hign. Chuong trinh hd qua vang lap.

+ Néu ma trin bi¢u thic 1a mot dai lugng vo hudng. Vong lap dugc



thuc hien mot [an va chi s6 nhin gid tri cua dai lugng vo hudng.

+ Né&u bidu thitc ma tran 13 mot vectd hing, sau méai [an 1ap chi sS lai
1y gia tri tip theo cia vectd.

+ N&u biéu thidc ma tran 12 ma tran, sav moi [an lap chi s6 s& 14y gid tr1
clia Ot tidp theo cia ma trdn.

+ Khi két thic vong 1ap, bién chi s8 nhan gid tri cudi cing.

N&u gid tri 1d mot s0 am thi khong thye hién vong lap.

N&u mudn thodt khoi vong lap truée khi vong lap thire hién xong dé
do 161 ¢6 trong vong lap, su dung lénh break .
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3.6.2. Vong lap While

Ci phidp: while < biéu thic>
nhom 1énh A;
end
Né&u bidu thie ding thi thuc hién nhom keénh A. Khi thue hién xong thi
lai ki€m tra digu kién. N&u dieu kién vin con ding thi nhom lenh A lai duge
thue hién. Khi digu kign sai, vong lap ket thdc. Trong nhém lénh A nén co
céc bién trong bidu thiic, hoac cdc gid tri cia bigu thic khong thay déi. Néu
bidu thic ludn ludn ding (hodc ¢é gid tri ludn khdc khong), vong lap sé bi
quin. D& thodt khoi vong lap quin, ta st dung Ctrl+C.
Vidu:
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it phép véo ti b

Cisir,

end
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CHUONG 4

DO HOA HAI CHIEU TRONG MATLAB

4.1. CAC PHEP BIEN OI PO HOA

Nghich dao ma tran va dinh thic gidi thiéu trong phﬁn nay dugc hinh
dung nhu cac phn.,p bi&n ddi tao nén cic pht,p chuyén vi cha céc thuc thé
hinh hoc hay céc vector trong ctra s8 d6 hoa ciia Matlabh.

N@i dung clia cdc phép bi€n déi mo td cdc phuong phép duge sir dung

trong hau hét cdc linh vuc ky thuat khdc nhau nhu dé hoa mdy tinh hay
robotic.

Ngodi ra d€ ¢6 thé khai thdc tiém ning vé& dé hoa cia Matlab céc ham
tuong tdc trén clra s& d6 hoa clia Matlab ciing duge lidgt ké mot cach chi tigt
nham dem dé&n cho ban mot thy vien cdc ham, hidu tng cha cdc ham nhu
phuong phap tidp ¢in cdc ham d4.

4.1.1. Quay h¢ truc toa dé trén mat phing

%
=yl

x1

k 4

oL = x

Hinh 4.1. Quay ké truc trén mdt phing.



Trén hinh 4.1, he toa do cla didm P duge bidu didn boi cdc duong lién
nét X, y v diém P trén h¢ truc da quay duge bidu dién hdi cde dudng didt nél
X, VA y,. X, vil y,, quay mot gée o nguge chiéu kim dong hé so vai hai true x,
y. Quan hé gita hai cap hé truc toa do duge hidu dién bdi cOng thite sau:

X, = X .COSL + Y. sinQ (4.1)
¥, = - X SiNQ + ¥ cosa (4.2)
X X i
_ . 1 COSCL SN
voi P = va Pl = ; A=)
Y, - S1NCL COSAL

ta cé thé vidt (4.1) va (4.2) dudi dang sau:
P, = AP (4.3)
Quan hé nghich dao cla hai cap toa do duge thé hi¢n nhu sau:
X = X, . COSOL + ¥, . SInQ (4.4)
YV =-X, . 500+ Y, . COSQ 4.5)

Didu d6 ¢6 nghia ma trin bidu difn phép quay mot e o tirhé toa dé
X, ¥, d€n hé toa do x, y la:

cost —sit
sine  cost

Lic dé (4.4) va (4.5) duye vict thinb

P=B.P, . (4.6)

4.1.2. Nghich dao ma tran
Vay quan hé gifta A va B duge hidu ra sao?

Tir phuomg trinh (4.5), (4.6) a thy rang v& 1 diém P bt k¥, sau hai
phép chuyén ta déu thu duge chinh nd:

P=BAP

néu loal bd bidn P ta ¢d theé viét nhy sau:
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B.A=

sl ¢o
—sinco

Mot 14n nifa ta thdy ring AB chinh bang ma tran don vi va c6 thé phat
biéu ma tran B 13 ma tran nghich dio cta A va biéu diénla A™.

]
0 j (4.7)

cogr—sina
SiIneE ¢o
tuong ty ta cd:

P, = ABP,

Dinh nghia ma tran nghich dao dugc phét bidu nhy sau:

Cho mot ma tran vudng A, ma trin nghich dao A" cia A 1 ma trén
sao cho khi nhan phai hay trdi v4i A déu cho ta k&t qua 1a ma tran don vi L.

A.AT=AT A=

Nghich ddo ma trdn 2 x 2 ¢6 thé d& dang tim duge theo cdch sau. Vi
du a 13 cdc phén tif cia ma ran nghich dao tir A, viéc nhan A . B cho két qua

nhu sau:
a, a, |[b, b 10
[ 1 12} { 1 12:l _ ] (@.8)
a5 ay | | by by 01
Tit phuong trinh (4.8) cho két qua sau:
a
djd,y — a8y,
—-a,. .
b, = 12 4.10)
A Ay T Ay ay;
—a
b,, = 21 (4.11)
Ay a8,
Q
b,, = H (4.12)

A Ay — Ay@),
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Tir day ching ta d& ding thu duge ma tran nghich déao B tir A. Trong
Matlah, him nghich dao duge vidt san trong thu vién va duoe goi ra thdng
qua [¢nh ny. Vi IEnh inv (A} cho ra ma tran nghich dao cia AL

Vidu:
- Quay hé truc 10a do di mdt gde 307 58 duge vidt nhu sau:
>> alpha = 30 _ -
>> A=fcos(pi*alphas180) sin(plalphas180) — - L
-sin(pi*alpha/180) - cos(pialphas/180)] -~ e cF
L A=0866 . 05800 L S '
- 0.500 - 0.866 o . o RS .;.___:_;;: T

- Ma trén nghich dao B tao thanh tor A

>> B = inv(A) L iEE e
‘B=0866 -0.500° | T R
0500 0.866

- Nhan 2 ma trin A va B, k& qua thu duge nhu sau

> A" B
ans = 1.6000 0.000
0.000 1.000

- Quay true qua dicmx =3 |y

7
>>P, = A3, 7]
P1=

6.09871

4.5622

- Nghich dido lai ma tran hoan ra lai toa dd cho diém

>> P=B8*P,
P=
3



4.1.3 Goc Euler

Gée Buler 13 tham s8 quy udce d& mo 14 viée quay trong he khong, gian
3 chidu hay he toa do trye gide. Nhimg tham G trén ¢6 ral nhiu Gng dung
trong linh vyc cd khi. €6 mot vt cach dinh nghia khdc nhau vé gbc Buler
duge bict dén vhu Meilroviteh {19709, Guggenheimer (1977) va Czichos
(19RY).

(3 bai todn ndy, toa 4o cua diém P duoe xdc dinh bat h¢ Ipldtrix,y, 7

vi ching ta phai xdc dinh didm (uong ang X, ¥y, % sau khi quay h¢ tog d0 di

1 pée. Vide xde dinh chidu quay am/duong ctia he truc toa do thong qua quy
tac ban tay phal.

Tren hinh 4.2 vdi cong thie duge hoe trong, phin dd hoa, Khi ta quay

he tog dd xung quanh truc 2 mt ey, didm x*, y*, 2* tao thanh s& dugc
mo 14 theo cony thic saus

x* cosy siny O] |x
|y * = — X*=|—simy cosy O |y|=A.X (4.13)
z*| 0 0 l|| z||

Tidp theo quay h¢ trye quanh true X vii mot goe 0. HE gid tr1 toa do
mdi cta didm d quay duge vict dudi cong thie:

R ‘\1 6 0]
=X =10 cosd sind| |y¥ =B.X* (&.14)
||Z**|| \O-Sinﬁ cosd ||z*

Bude 3 quay hé true quanh true 2 mat g6e §. Gid i toa do cudl cung
thu duege s& 1

'lx,]l \coap sing O] [x \ *4

'|y1|=P1:-Sirwcoap d ||y*‘J =CX* (4.15)
||Zl’ 0 0 l| |z**|

K& gua 3 tidn rinh quay:

P =ABCX=DX (4.16)
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Phép bith ddi Czichos (1989) duge bi¢u dién dudi cong thikc sau: Gia
sir CB = cos (8), S8 = sin(8)... ta ¢d ma trin quay

\Cd)Cw - S$CBS C¢Crys + S¢COS S¢$S6

R = |- SPCy — CHCBSy - S6Sy + CHCOC CSo| (4.17)
‘ SOSy —86Cy Co
Vi du:

Khi cho didm P véi che gid tri toa do [2. 5. 3] cho cic gde quay [a 30°,
45", 20". Viéc biéu dién bang Matlab duge viét nhir saw:

ne0)

R =

0.6929 0.6793 0.2418
-0.6284  0.4044  0.6645
0.3536 -0.6124 0.7071
Xl =
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5.50777
2.7587
-0.2334
e Xsiw(RYTX
X =

2.0000
5.0000
3.0000

Trong ham Elrotate tao ra céc bién trong A, B, C tuy nhién khi kiém
tra bang

) i t;q::?**' A e Ve T ) e

hay dung l¢nh

Céc bién A, B, C cung khong xuat hién vi A, B, C la cdc tham bién
trong ciia him Elrotate va chi c6 tic dung trong ham.

4.2. PHEP BIEN POI AFFINE TRONG KHONG GIAN 2D

Che d6i tugng d6 hoa duge mo ta trong chuong niy cé mot y nghia hét
sitc quan trong trong dng dung clia céc Tinh vue k¥ thuat hign dai nhur d6 hoa
mdy tinh hay robotics. MOt nhém cdc lénh duge st dung thudng xuyén gq1
I4 Affine transformation. Ching bao gom: translation, rotation, scaling... &
day ta hiy xem xét viéc thuc hi¢n chiing trong Matlab.

4.2.1 Toa do thuan nhat

Trong thyc t€ dé bidu dién cdc phép bicn déi Affine ngudi ta thudng sir
dung phép bign doi ma trén. Thudmg do hoa may tinh va ky thuat robotics
ddi hoi mot xich ghép ndi lién tuc (concatenation) cla vai phép bién doi.
bidu dé duge thuc hidn bdi mdt loat cde phép nhan ma tran. Viéc nhan céc
ma trin chuyén déi duoc thye hién cing vl vige sit dung he toa d¢ thuan
nhal.

pé gidi thiu hé toa dd thuan nhat ta gid s co 1 di€m P trong hé toa
d6 BE cdc vai 2 gid tri toa do X, y-

Vide bidu didn P dudi dang hé 103 40 thudn nhat s& duge viet nhu sau:
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Ix
, ‘\' x = x, /W
= }-’I
! y = /W
2\V| 3 ¥y

Uu vict clia vige bi¢u didn theo he toa do thuan nhat la ching cho phép
bicu didn cie diém & xa vo cung.

Vice bicu didn cac didm ndy chi thong qua W =0 vdi x,, y, 1a mot s6
hitu han bt k. Ban doc ¢6 thé tham khio cde tai ligu v& d6 hog mdy tinh va
cde bl todn chiéu phoi caoh, & day ta chi nGi v& phuong phdp tao ra céc
phép bicn ddi rong khong gian 2D.

Vi h, 4.2 cie didm tao nén hinh vuong duoe cho béi cac pid n

‘—0_5' ‘—0_5 ‘0,5\ ']0_5
P, - o‘, P,=l 1 P=l1] P,=0
R R

Nhu di thay, o day gid tri toa do thir 3, W duye cho bang 1. D6 13
mat gidi phip cia k¥ thudt do hoa v trong Matlab viet nhu sau:

>» P, = [.0.5; 0; 1], P,={08 1. 1}

>> Py= (0.5, 1; 1} P.=[0.5; 0; 1}

(Chi y vang ma trgn P chifa hai vecior Py dung cho vige dong hinh
vudmg)

Vice tao ra hinh vuong rén man di hoa thong (ua bién square

>>square= [P, .. P, .. Py Pe Pil;
. > pfot(square( 1 ) square(2,.}} '

4 -1 5 _r);

s> axis(-4-4 -1 8]); >» title (hinhvudng voiH 16 trucf:
b vang wol te truc [ -4 4 -1 5]
1 . ] . . . . -
E:T 4
3 i
06 :
2‘.
0.4 |
" !
o ' '
U.
_%.5 e . E} 05 L _1_‘;__ B ,é ._..__...0. . .____:;2____ ‘|1
Hinh 4.2 . Hinh vudng chudn b. Hinh vudng sau khi thay doi ti ¢ truc tog dé
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4.2.2 Phép chuyén dich tinh tién

Ham chuyén vi tinh tién véi cdc khoang dx va dy song song trén 2 tryc -
X vay.

funct:onT Trans!ate( dx , dy)
T[?deG?dy,OOT} L
% ma trén dich chuyén trong hé toa.do dﬁng nhat

1 0 dx
Y% = |0 1 dy
0 0 1

Vi¢e dich chuyén hinh vuong 1 Khoang don vi theo x v 2 khodng don
vi theo y duge the hi¢n ping cdc dong I¢nh:

»> P = translate (1, 2}~ square
>>plat {P(1,:)L,P(2.:))
>>axis ([-4 4 -1 3])
>> title (* Hinh vudng thay déi vi tri theo dx va dy )

. ,_Hinh vuang di_chltheo dx=1, dy=2 _
- |
4 l‘
3 B J 1
2 = |
1 [
\ | ﬁ
-1 ; J
4 -2 a 2 4




4.2.3 Phép quay

Ham quay quanh gdc toa do vdi mdt gée ¢ hit ky nguge chiéu kim
déng hé duge viét,

0
0
1
Hinh vudng quay theo goc 45°
4
3t
21
"I L
ot
-1 .
-3 2 1 0 1 2 3

Hinh 4.4 Hink vuéng quay mot goc 45 theo géc tog do

Hinh 4.4 thu dugce thong qua dong Iénh Matlab nhu sau, véi géc quay
g = 45",
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’7 Quay theo géc 60° dich chuyén trén doan dx=1, dy=2
5 . : . —
4t
3 o

|
Jry
. 1 N

Hinh 4.5 T6 hop cita hai phép bién ddi
Hinh 4.5 thu duoe 1 cdch d& dang trén co s& ket hop cla 2 phuong
phip chuyén déi.
%% P rotale- (30*Pi/180) translate(1,2)"square.
......... Py

4.2.4 Phép ti lé (Scaling)

Ham dudi day cho phép bidn hinh theo mot ty 1& nhét dinh. Vi¢c bitn
ddi ty 1¢ duge thue hién qua phép nhén ma tran S véi Sx, Sy 1a hai hé sd bién
déi.

S x 0 0
%s = |0 Sy 0
0 0 1

function S = scale:(Sx; Sy)
S=[SX 0.0; 0°Sy"0; 00 1] -

Vi du vide bidn doi hinh vudng 2 ldn theo x va 3 ¥in theo y duge thye
hién nho cic 1énh sau.
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Hinh vudng bi&n d3di ] 1a

A il
Py , | i

-4 -2 #] 2

Hinh 4.6 Phép bién ddi & 1é

Hinh 4.6 cho thiy su bidn déi ¢lla hinh vudng qua ham scale. Viéc
thay d6i dé thue hi¢n qua géc 1og do.

Phép chuyén vi, phép quay hay scale déu 6 thé ket hop 1an v6i nhau
mot cdch d& dang. Vige chuyén déi thii ty cia cde phép bigh déi s& dem dén
cdic hinh anh khic nhau.

>> P = Scalef2,2)*roate(30"Pi/180)ranslate( t.1)*sqirare

>> plot (P(1,:), P(2,:}), axis (3 37

5[ .- — - 5|' - - I —
| 1
4 4 !
!
E ' 3 :
!
2 Z
1 1 .
I |
] i L] N
! :
1 - - 1 I — — J— N —



>>plot (P(1,:), P(2,:)) axis{{-3.3=F 8]
>> title (‘Hinh vubng quay’) L

plot ( x,¥)

plot
plot

plot

plot ( x,A)

plot ( Ax)

plot { A,B)

4.3. CAC HAM CHUAN PE BIEU DIEN PO HOA 2 CHIEU

Nhu di gidi thicu qua vdi ban doc & phian trén, Matlab 14 cong cu rit
manh cho vice XU 1y v 1hé hién dS hoa. Ham Plot trong Matlab thudng dute
str dung lién we cho vide v& va tao Lap cae dang doé thi 2 chiéu. Dang don
gian nhat de¢ the bicn di licu 1a Plot shung kid¢u dudmg hay mau cha dutmg
duge xde dioh trén bico str cua ham. Bang dudi day s¢ cho phép ching ta
nam diy du moi thong tin v& ham.

4.3.1 Cac bo lénh vé
a. Lénh PLOT

{y)
(2)

(A)

plot ( ..., str)

plot{ xI,

strl,

x2,

vl,
v2,

VE theo vector y va X (y true tung cua hg, x trye hoanh).
6 thi thu duge s& 1 1ap cua cac diém {xi,yi). '
V& ra 1ap cde diém (xi,yi) vdi oy 13 cde diém trén true
tung va xi la cac diém trén truce hoanh.

V& theo ap cde s do (real( 2 ), image( 7 ) ). True hoanh
L tip cde 8O (hie v true tung 12 1ap cice s6 ao.

VT ra theo cde et et A vdi chi s6 tuong dng xac dinh
bt chuong triinh.

V& ra theo cic ¢dt cua A vai chi sO tuong tng xéc dinh
b vector x.

VEx theo Ao NEu A 1d ma trdnr m hang n ¢dt, vector x ¢o
th¢ theo chi 36 tuong dng trién m hoac 1 néu chidu dai
cta x = m hay bing n. Vector x ¢6 the 14 ma tran hang
hay c0t.

VE cic cOt cha A theo cde edt coa B. NCu A va B1a 2 ma
tran ¢d cung do [ou mxo thi ta s¢ thu duve m do thi n
diém .

V& ham ¢ cde bicén s6 xde dinh nh tén vid cde chi so
vé mdu sac va kicu dudig theo bi¢n str

V& him veclor y1, y2, .., yo theo vector X1, x2, ..., xn {
y truc tung cta he, x true hodnh ). Bd thi thu duge € lay



Cédc gid tri ca bién str trong him Plot vé méu sic hay ki€u déng cha
dudng duge 1iét ke theo bang dudi day.

Kiéu dudng Kiéu dudmg Mau sic Miu sic
diém - dudmg licn nét Y ving C xanh 14 ma
* sa0 -- dutmg din nét G xanh 1a cay W trang
X c¢hit cdi x -. dutmg cham M do tum R do
gach
O chocdio : duimg chim B xanh lam K den

+ ddu cong

Kidu dutmg thang ¢ thé 1218 hap cta hai hay nhiéu y&u 10. Vidy 'y- -
13 ky hi¢u cho dudng vang, lién nét hay ' b+ 11 dudmng xanh cic déu cong. B
rong ctia dudmg hay kich thude cde ky higu ¢6 thé thay doi tuy y. Cdc truc
toa doO s& tu dong thay doi phi hop voi don vi clia d6 thi ndu khong ¢d su tic
dong nao khic cia ngudi st dung.
Vidu:
a. Vao dit licu cho cde bién 50 X,y
“ismx=[42 071 37]
o> y=[154 01 9 20]
“ >ziplot( Xy} w); hold on

—

20

13

10

-4-éo'zizésJ

Hinh 4.9 D6 thi ham y va yi2 theo x



b. D6 thi ham sin(x) v x/2 + 1/2

PPASSINEIN; 05+ 0.5, L w e

* Truc clia d6 thi xoay khi ta giao hodn vitri clla A va X

X E 050 1027 L Lo TR e
>>A = [Sifi(pi*x); 0.5+ 0.5*x] '
>>plot (A,x}:

151

0 05 1 o 15 2 a1 05 0 - 05 1 15

Hinh 4.10 D6 thi ciia ma trdn A trén truc x va x trén A

¢) Ham y = sin(x). cos(x) véi cde didm 12 cdc vong rdn nhd
>> x'= - pi0; 0.05: pi: ” :
- > A= sin(x)rcos{x)y . . B
>> plot{ x,A );.. .
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[linh 4.11 Ham y = sin(x) - cos(x]

d) Ham plot véi tham sd phic.

2

|
|

-

1.5
Q.

i
|
/

|
2

1

(4]

-0

-1

Hinh 4.12 S6 phite: duve biéu dién dudi dang xodn 6c
»>» R = linespace (0,2); % fao vector ©
>> it = linespace (0,107pi);

% tao vector chia.gbe
>> [x,y] = plot2cart(tt.n), :




¢) Tao mot [ile *.m thuc hi¢o chudi I8nh sau

a = input { Khodhg xéc dinh trén a =" );
b = input { Khodng xac dinh dudib =" );

y=[1 -
e, =[fe, =[] e;=[ Jed=[] Y% X0& €4 - 6,
fori=1:n IR
xx=a+{b-aj}*{i-1)/(n-1)

(i) = xx;

e.(i) = exp( ~(xx*2) ):

(i) = xx*2 * exp ( -(xx*2} };
&) = xx*exp ( -(xx*2} );
€41} = exp (-xx};
end

Seript fite trén sau khi thue higén vdi tham sé:
Sa diém n = 50
Khoang xdc dinh tréna =0

Khoang xéc¢ dinh dudi b =5

0.8

0.6}

0.4;

0.2

Hinh 4.13 D4 thi ciia cdc ham el, 02, e3, ed
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Céc 1énh trén tuong duong v&i chudi céc 1énh dudi day. Tuy nhién vdi
cdc bo 1énh dudi cho phép ching ta d& dang trong khi doc cling nhu vao di
ligu.

2 02T exp (XA 2
o= X Texp(X'Y; e

Hinh 4.14. Vé dé thi cang vdi khodng sai s6
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Errorbar (x, y, ¢,str) vz vector y theo x ciing vdi cdc thanh sai s6 ¢6

do dai ei trén dudi yi.

Errorbar (x, y, £, u) V& d6 thi vector y theo x vai |, va u 13 doan sai
sO cla yi tuong dng vdi phan dudi va teen.

Vidu: Tao dd thi ¢6 khoang sai s6 12 15%
= finspace {0, 10, 50);.. .
= exp {sin (x)); :

-

Hinh 4.15 D4 thi cang khodng sai lich 15%

b. V& hoat hinh (comet)

Lénh comet plot cho phép ngudi sir dung v& theo timg diém trén man
hinh gay hi¢u ung hoat hoa khi v&. Dudi day 13 mot s6 trong bo 1énh comet.

Comet (x, ¥) V¢ vector y trén truc x. N&€u tham s6 vao khong ¢6
hay thi€u thi chuong trinh ty dinh ra chi s6

Comet (x, v, ) Ve theo him comet vai phédn kéo dai ¢ khi khong khai
bdo ¢hi s6 £ thi chuong trinh tu 18y gid tn = 0.1
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¢. Ham do hoa
tplot (fkuJimstr)  Diang d€ vE mot ham todn hoc bat ky ducge khai bao
bon mang ky (. Mang ky g ¢6 hd Ii cdc ham
chufin hay dige dinh nghia boi neuti st dyng trong
file M fkum.

Veetor lim = {Xmin Xmax]| dung d¢ gi¢i han
khoing xdc dinh cta dd hoa. N& ¢é thé bao gdm 4
thanh phin trong do thanh phan tha 3 va 4 la
Khoang xdc dinh trén rge y. Néu hi¢n st khong
khai bdo trong him thi chueng trinh sC ty lay cidc
gid ] mic diph vé kidu dutmg hay mdu cho phan
dé hoa.

tplot

V& do thi nhu trén vdi sai 56 lién quan nho hon gid

{ tku, limn, str, tol) (ri tol
[ TTT{!
1l
i
|
\ '|||
|
|

Vidu:
[
\ |I
I

i} |

Dime him plot v& phuong tinh sin x°

>> fplot{ sin(x*2} [0, 10 ]}

Hinh 4.16 Phuong irinh sin X qua ham fploi()

4.3.2 Cic hé toa do trong mat phang

Ham plot cho phép nguti st dung v& vai o do pé ciae. Tuy nhién mot
<& hai toan trong Ky thudt lai yéu ciu cde he toa do khic. BE ddp rng nhu
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chu d6 Matlab cung ¢dp mot loat cde hiim cho phép tao dung d6 hoa trén céc
loal hé toa dé.

polar ( thet,r) - V& urén hé toa dO cuc. Céc phdn tir cha vector theta la
¢dce bign do bang radian va cdc phan tir clia vector r la
khodng cach dén diém goc.

semilogx (X, ¥y) - Cho phép v¢ trén h¢ toa do cla truc loga, thang do’
log10 duge sit dung cho truc x. Bidu d6 ciing twong
duong véi viée ching ta viél plot (log1{}{x,y) nhung sé&
khong ¢6 161 vdi ¢a trong trudng hop log 10(0).

semilogy (x,y) - V& trén he toa dd cia truc loga. Thang do togl0 dugc
s dung cho tue y. Didu dé tuong duong plot -
(x.log10(y) va cling s& khong bdo 161 khi vit 1og10(0).

loglog ( x,y ) - Ham cho phép v& trén he toa d9 loga 2 truc clia hé toa
do déu dua trén thang do logl0. Didu d6 twong duong
vdi vige plot(log10(x), log1(y)) vi ciing khang bio 161
néu ta st dung log (),

Vidu: a)

>>.x = lingspace (0,7); ' % tao gia tri x

% tac y theo )
"% v6 ham.&

1200 . 10‘_
i
1000 ¢ E
10°
800 |
600 | 1 10} !
400
10’
200 }
0 10°
0 5 10 0 5 10

Hinh 4.17 D¢ hoa irén hé truc Dé-cdc thang do logl0
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b) V& ham sau trén hé toa d¢ cyc theo cong thic:

s
R = ¢ -2¢cos4 + | sin L
12

Hinh 418 D6 Aoa trin h¢ tog dé cox

R0



4.3.3 Mat phang dé hoa cho s6 phic

quiver {x,y)

guiver
{(x,y,dx,dy)

quiver

(X, ¥,0.,8)

quiver
(X, ¥ oo ystr)
feather (z)

feather (x,y)
feather ( z, str)

compass ( z)

compass ( x, y }

compass (z, str)

V& mii (&n cho mdi cap cha he toa da cho bai Xij va
yij cling bi&n s6 va do 16n 1A dxi va dyi.

V& 1 miii tén véi toa 40 xi yi cing bigh s6 va do 16n
1a tap dxij va dyij.

V& mili &n nhu trén nhung he s ty 1& duge cho héi
gid tri s.

Néu s khong duge khai bdo thi gid (i mac dinh[a 1

VE 1 mili tn v6i ki€u mlu dudng duge x4c dinh
thong qua bién str

V& mii t&n chi ra phdn thyc vd a0 clia cdc phin tir
hay ma trin clia cdc s8 do z.

Tuong ty vdi feather(x+y*i)
V& mii tén véi viée sir dung ki€u dudng thing str

V& miii @n khdi tao tir géc chi ra phén thuc va 4o ciia
cdc phan tir trong ma trn s6 4o z

Tuong duong ham compass (x + y*i)

V& mili tén st dung kidu dudng va miu sic duoc dinh
nghia bdi str

rose(v) V& bidu d6 ddi vai biéu dé trdn cho phép thé hién tdn
sudt cha ddi s6 trong vector v.
rose (u ) Tuong ty nhung véi khoang x4c dinh u
rose (x ) V& bidu d6 d6i s6 véi x 1A vector cha cic khoang x4c
dinh.
Vidu: Ma tran z duge xé4c dinh nhu sau:
1+1 2-i 3-5i
%zZ=|-4+3] 5-5i i
-1-i 3-3i -1
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. ham comnass
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-5

ham feather

10
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4.3.4 Lénh kiém soat

figure { gef )

clf
clg

cle

home
hold on
hold off
shold
ishold
subplot
subplot

(m,n,p)

subplot

Vi du:

Hién thi cla s6 graphlcs hién hanh. L¢nh figure cnng cé
thé dung dé kich hoat cira s6 graphic hay tao ra mot cla
s6 d6 hoa mdi.

Lénh dang dé xoa cira s6 d6 hoa hién thai. Viéc xod vin
thuc hién k& ca khi ching ta dd ding 1énh hold on

Lénh xo04 wwong ty nhu elf va c¢6 thé khong ton tai & cac
version mdéi clia Matlab.

Lénh x0d man hinh 1énh

Chuyén con trd d&n vi trf 'home' 12 vi tri & trén bén trai
man hinh,

Giit lai (4t cd man hinh di v&. Cdc 1¢nh sau s& thém vao
man hinh d6 hoa chi khong xod man hinh ci di.
LA trang thai mac dinh cha man hinh d6 hoa khi & trang

thai nay cac thuc thé d6 hoa mdi s& thdy thé cac thyc thé
cU (rén man hinh.

Chuyén trang thdi tir on sang off va ngugc lai

Tra gia tri mot vAi trang théi hold 1a on, trudng hgp con
lai [a off

Lénh qubplol dugc sit dung dé v& nhiéu d6 thi len cung

moOt man hinh d6 hoa. subplot khong dung dé v& ma chi
ding dé x4c dinh hay chia viing mau dé hoa.

Chia man hinh d6 hoa lam m hang, n ¢§t va p 1a phin cla
s¢ hien thoi. Cic clra s8 con clia man hinh d6 hoa dugc
danh s6 theo him tir trai sang phai, tif trén xubng dudi.
Pira miu d6 hoa vé ché d6 mac dinh 14 man hinh don.
biéu d6 tuong duong subplot(1,1,1)

a) Tao ma tran véi cdc s6 ngu nhién. Poan chuong trinh duge ghi vao
file *.m bat ky

K2



b) Tao ham s¢ sau: '

subp!ot(?.’ 2 u} pf‘ot (x{ 1, 999),)'22)

title('sai s6 lién quan')

84

ham f{x} = -x&in

10

-10

0
dao ham x&p xi

10

-10
-10

10

10

-10

dac ham

-10

10

x10

0

" sai 88 fign quan

Hinh 4.20 Ham -xsin(x) vé cdc ham lién guan

10




Ham subplot ¢6 thé st dung cho d6 hoa ba chidu va subplot ¢6 thé
thay déi kich thudc

Vi du:

Ham Mandelbrot va vi¢e hién thi bang ba phuong phép khic nhau véi
cde gid tri dac trung phu hop.

7, =0

.+|“Z +cC

NEu 7; la sai s0 thi ¢ khong phai 1a tap cla Mandelbrot. 56 iap lai tai
mdi diém ¢ cba mal phang phifc duge ghi vio ma tran Madelbrot cung véi
vige glal Vu.tor

85



86



Hinh 4.21 ham Madelbrot hién thi 3 cdch

"% In theo ludi b. Theo contour . In theo phé mdu

10
4.3.5 Thao tac va kiém soat man hinh do hoa

" Axes, scaling va zooming.
Céc truc Khi v& thudmg duéé ty dong bién ddi ty 1¢ kich thue sao cho
thich hop véi viéc thé hién céc diém trén man hinh cho phép c¢6 khung nhin
{6t nhat. C4c gid tri thu duge qua cac ham min va max.
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Vi du:

[ min(x), min(y), max(x),min(y). min(x), max(y), max(x}, max(v} ] .

Tuy nhidn trong mot 36 trudmg hgp muc dich hién thi cta ngudi
sit dung khic so vdi vige tu dong dan xEp cha Matlab. Chinh vi vay Inh
axis s& cho phép ta thay ddi ty I¢ cha truc hay zoom uén cdg s& st dung
mouse.

a. Axis:

axis - Tra lai gid tri Khodng gidi han cda 1enh in hign thoi vao
1 mang. V@i khong gian 2D ta ¢é [xmin xmax ymin
ymax| vd [xmin xmax ymin ymax zmin zmax] cho
khong gian 3D.

axis (V)

- Xét ty 18 theo vector U vdi Xxmin U |, Xmax = U ,, ymin
= 0, ymax = U, vdi khdng gian 3D zmin, U vd zmax
=v 0

axis (axis) - Khod ty 1@ giit khong cho Matlab ty dong thay ddi ty 18
khi thém cic thye thd méi vho man hinh d6 hoa.

axis (str) - Bua ra cie k1 qua khic nhau phy thude vao chudi str

"auto’ - Cho phép Matlab t dong thay déi 1y 12

‘equal’ - Bua ra true 1oa 4o ¢d ty 18 X,y wang duomg

i’ - Quay true y v hudng dudi cho chidu duong, treén cho
chi¢u am

.y’ - X ¢t lai trye y vdi hudng ban dau (nguese van i)

"image’ - Thay doi kich thude cda man hinh d6 hoa sao cho cée
didm ¢6 kich thude trén chidu dai va b rong nhu nhau

"square’ - Thay d6i man hinh dd hoa dé tao ra cira s6 vuong

‘normal’ - Thay doi man hinh dd hoa cho ra kich thude ban ddu

‘off* - Ddu ciic true ghi kich thude, khong cho hién thi

‘on’

- Hidn thi céc true bi diu

L1



b. Grid

grid on - Bat judi v& trén man hinh dé hoa
grid off - Tat ludi
grid

- Chuyén trang thdi cla lu6i tir on sang off hay nguqe lai
C. Zoom
Zoom on - Cho phép ngudi sir dung phéng to dé hoa 2 chidu bang
cdch kich phim ben trdi chudt I2n irén man hinh. Con
kich phim bhén phii chudt sir dung d€ thu nhé, né ciing
cho phép lua chon viing bing "click vh drag” (kéo tha).
Ty 13 s€ thay ddi dé vang lya chon phit hgp véi man
hinh dd hoa.

zoom off - Loai bo Iénh zoom

zoom out - Thay doi cho ddy man hinh
zoom - Chuyén trang théi gitta on va off
Vidu:

a) Vi du cho vi¢e bidu didn dutmg tron
> =0:0.2:2°pi+ 0.2;
P xEsinty
S %2 y'ﬁigg;g-f,os_g(f);".'.-::i. _

>> plot (x,y,1,-1); grid on

b) Thay d6i d€ tao ra dudmg trdn ding hinh dang

-+ ix>axis ('square’); R
o ,>>gﬁd-on;-_:,; ST

¢) BO 1énh sau cho ra man (hinh 4.22¢)
-L»staxis (normal’); '

i} »gridonts .

o> axis ([-2°2-3 3])
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Hinh 4.22 D¢ hoa Zoom-on
a) Trade lLiic cdr chudn b) Sau khi cdn chudn square c) Sau khi ird lai trang théi normal

4.3.6 Vin ban trong man hinh do hoa

Phan ndy dé cap d&n cic 1énh tao text 1&n man hinh d6 hoa. Téap céc
l1&nh nhu title, zlabel cho phép viét cdc chit chudn. Con véi text cho phép viét
chir 1én moi noi thudc man hinh d6 hoa. Cédce 1enh vidt chit déu 4p dung trén

cd s& 1énh subplot

title ( txt )

gilta man 46 hoa

90
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xlabel ( txt) Viét mang ky ty txt nhu nhu nhau can gitta tryc x

ylabel (txt) Viét mang ky tr txt nhu nhu nhau cin giita tryc y

zlabel ( txt ) Viét mang ky tu txt nhu nhu nhau can gida tryc z

text( x, y , txt) Viél chudi txt 1én man d6 hoa tai vi tri x, y. Gia tri

toa do x,ycé cung ty [& v6i 1énh plot. Néux va y 1a 2
vector thi gid tri txt duge viel tai vi trf (xi, yi). Néu
1x1 12 vector thi cdc gid tri txt duge viét ra tai vi tri xi,
yi
text(x,y,txt,'sc’) Vigt ra chudi ky W ixt tai vi tri x, y trong hé toa 46
vl hal diém gidi han1a 0,0 va 1, 1

gtext (txt ) Vidt ra chudi ky tu 1xt tai vi tri duge xdc dinh boi

ddu + hay con trd duge didu khién bai chudt.
legend (st1,862,...)  Pua ra man hinh cde chudi ky (g stl, st2... trong
hinh hdp box ma vi ui cta hox ¢6 thé duge diéu
khién bdi chudt

legend (11, stl, 12, Dung nhu 18nh legend(st], st2, ..} v6i 11 va 12 1a
st2...) kidu ciia dudng thing

legen off Loai bo chite nang legend khoi min hinh d6 hoa

Lénh chuyén ddi tir s6 sang chudi ¢6 thé duge dung trong vige in bao
£Om sprinf, num2str, int2str.

Vidu:

tr dao.
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-2 -1 0 1 2 3 4

Hinh 4.23 Chuyin dong Adn logn véi budc koat déng n = 200

4.3.7. Poc dir liéu tir man hinh do hoa

Lénh ginput duge sit dyng dé 14y dit lidu tir man hinh dé hoa. Lénh
nay s& ding dé thay th€ con trd trén cira s6. Con trd s& duge dich chuyén
théng qua con chudt hay ban phim bdi ngudi sit dung. Khi dn chudt hay
phim enter thi gid tri toa d¢ s& dugc chuyén vao Matlab. Néu gid tri toa d¢
diém khong x4c dinh thi Matlab s& gii lai cho dén khi ¢é 14n dii 1iéu khéc.
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*[ x, ¥ | = ginput

boc toa d6 diém tir man hinh dé hoa va trao k&t qua cho 2 vector x, y.
Vi trf cia didm dum xdc dinh bdi mousce hay ban phim.

*I x, ¥y | =ginput (n)
Boc n toa do diém it man hinh 44 hoa
*" x,¥,t]=ginput (...)

Tra gid tri toa d¢ cho x va y; t 1d méng k¥ ty tuong Gng véi 1 1 phim
trdi chudt, 2 1a phim phai, 3 1a phLm gitta. N&u ban phim duge st dung thi t
s¢ nhan gia (ri cho bii mid ASCH ciia phim.

* x, ¥ | = ginput( ..., 's")
BPoc g1d tr1 toa 4§ vdi gidi han cia man d8 hea trong khoang tir O dén 1.
*Waitforbuttonpress

Dimg Matlab cho d&n khi tdc dong Ién chudt hay ban phim. Néu 4n
chudt thi 1&nh s& tra gid tri O ndu ban phim s& (rd gid tri 1.

Vi du cho sau diy s& minh hoa cho viéc ding ginput va

wailtforbutlonpress trong lap trinh Matlab dé tao nén nhidu tuong tic don
gian trén man dé hoa.

Vi duy:
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atoroprese;

0.8

0.6¢

Hinh 4.24 Twong tdc man hinh dé hoa bdng chudt va ban phim



CHUONG 5

PG HOA TRONG KHONG GIAN BA CHIEU

5.1. CAC HAM TAO LAP BIEN DANG (CONTOUR)

Lénh contour trong khong gian 20 va 3D déu duge v& bdi ham hai
bién z = f(x,y) tuong Ung véi 2 ham contour va contour3. Hai 1énh trén chi
¢6 the sir dung trén ludi 1 gidc.

Cdc ham tao 1ap contour gom cd:

contour { 7))

confour (z,n )
contour { Z,v }

contour(X,y,z)

contour( X, ¥,Z,Nn)
contour { X, y,72,v )
contour ( ..," str ')

contour ( ...)

- V& contour véi cic gid tri trong ma tran z. Cic
phin tlr duge dich va bidu dién trén mat phang X,
y. Néu z 12 ma trdn m x n thi ty 1& trén cédc truc
tuong Gng s€ 1a n, m.

- V& contour cho n ¢ip do. N&u n khong xic
dinh thi ham s& 18y gid tri mac dinh n= 10.

- V& contour v8i cip d¢ duge xdc dinh boi mot
vector v

- V& contour v&i gid tn thuge ma tran z. Cac
thude ty 1& duge xde dinh 1rén 2 tryc fuong ing
cho bdi vector x va y.

- V& trén n cip do véi x, y 1 vector fi 1€ trén cie
tryc.

- V& contour ¢6 ¢ap dd xédc dinh bdi vector L va
ty 1& trén céc truc duge xdc dinh hiti x valy

- V& contour véi vide sit dung kifu va mau sac
cua dudmg ducre xdc dinh b hicn str.

- Tinh to4n cho viéc thu dif li¢u vao ma trén ¢
boi vite sit dung contour va clabel ma khong ve
dudmg, ¢ 1 ma trin hai dong chia dit lidu ve.
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contour3(x,y,z,n )

clabel (¢)

clabel (¢, V)

clabel (¢,'manual ' )

Vi du

96

. V& dudmg contour n mic do trong khong gian
3 chidu, khong thé hien cic dudmg chifu xufng
mit phéng x.y viéc tra gid tri vio ma irdn contour
cho bdi 1enh clabel.

- Cho chi s¢ mirc dd cua contour ¢. Vi tri duge
xdc dinh ngéu nhicn. Ma tran ¢ 12 ma trdn contour
duge cho ra hoi {enh contour hodc contours.

- Ted lgi gid tri chi s0 mic do duge xdc dinh
trong ma tran v .

- Cho phép ngubi sit dung dua ra chi & xdc dinh
mitc do tai di€m con 1o téc dong 1en. Ngudi sU
dung ¢ thé dich chuydn con trd bing chudt hay
ban phim. Vige vio gid tri ¢o thd thong qua phim
chuot hay s6 trén ban phim. Ti¢n trinh k&t thic khi
in phim enter.

a) Gia sit ma trin z duge mo {3 nhu mat clia ham 2 bién. Qua gia tri
clia 7 ta thu duge d6 thi contour hinh 5.1 bing chudi 1enh dudi day.

1

45r
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5 10 \15 20 25 30 35 40 '454l

Hinh 5.1 D6 thi contour cho béividi a



>> subplot(2,1,1) .-
>>[X, Y] =:méshgrid(-3:1/8:3);

s> y2:30 4, T . LT

>> goniotir (z, v1, 'k '); % vé dudng ddc v6iz'duong

>> hold on; ' e e R
> contour (Zv2, k). % vé.duong déc soloid v8iz:am

* >> hold off; S

>> subplot (2,1, 1), ' |

>> ¢z contour {Z ), .

>> ¢label (¢ ); ' % tao nhén cho.dudng contour ...

»> grid on _ . _

b) Vdi vi du b 1a sit dung zsmall. Chueng trinh chi thé hién 2 mie do
nhu viy zsmall ldy 2 gid tri 1 va 2.

>>y=12;

>> zsmall = z;

>> ¢ = confour { zsmalf v );

>> clabel(c};

>> size (c);

. 7N

. (G
o o SR
I A
20 \B// \&x_”//;}
. st

5 10 15 20 25 30 35 40 45

Hinh 5.2 P& thi contour 2 mitc do cho boi vidu b
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5.2. LUGI - GRID

Bé v duge cde contour rude hét khi xac dinh lud L,ua ving, nol ta s€
v& dudmg contour. Ving ndy duge xdc dinh boi 2 vector X va y vl chidu dai

n vd m wong dng voi cde gid i x vay tren luéi, Gia st khoang cdch cta cc
phan 1 trén X v y 13 khong hiing nhau, [udt duge tyo ra hn Jénh:

»> [u v.]=meshgrd (x,y)

Trong d4, gid tri toa d9 diém cia Yo dude lea il vao 2 ma tran u, v.
- u ¢cha vector x vdi m dong.

- v chia vector y v n el

Hinh 5.3cho thay anb cta ludi fu, v]

ﬁ

B & & = & & & & o)

] 1 )
3.Xb & & + 3 & & i
p—=e P & 3 & & £ oL

25(;_ Pt Fau! Faxt Fa, Faid Fa Tarl

2¢ & it £ i i & G D
l 5 5 € £ & & $ &

U U VD S D S S S

1 1.5 2 25 3 35 4 4.5 5

inh 5.3 Ludi 4 x 3 Ligong fng voix va y

Vide tao ludi try hay luéi cau ciing duge thue hign tuong
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L.énh tao ludi
>> fu, v]=meshgrid (x,y)

dua ra ma trin dinh dang ludi theo toa do x,y it 2 vector tueng, Gng X, .
Voctor ¢d chicu dai n chida toa dd x v vector y ¢ chiéu dai m chia toa do
y. Ma trin u, v 1ao thinh ¢4 d¢ idn tuoug Gng m x n. Ma tran biéu dién bao
trim mién chi nhat. Cap toa do twomg dng (u, vy yvoii=1, ... mj=1, ..,
n. Gid i z, = {(u,, v;) tuong duong vai 1énh 2 ={( u,v)

>>fuvwj=meshgrid (x,y,z)
Tao ma tran fudi 2 chidu (i ham 3 bicn
>, ¥, z)= oylinder (1, n )

Toa do tao thinh duge xdy dung bdi mat caa hinh tru hodc nén. Bin
kinh cha hinh tru duce bidu dién bai vector rtuomg dng vdi n dudng tron tao
nén hinh. Néu n khong duge khai bdo thi ham s€ liy gid tr1 mac dinh n = 20.
NE€u ca r va n déu khong duge khai bdo thi gid tri mac dinh coa hamr = 1 va
n = 20.

>> gylinder {r, u}
V& hinh tru theo cde dit ligu dau vio rva u.
>> [x,y,z] = sphere(n)

Tra cde gid 1ri toa d¢ khong gian ciia hinh cau vio ma trdn X, y, z vdin
la s60 manh bing nhau cOa hinh theo cich thé hién hinh theo ty 12
(n+1) x (n+1)

- »> sphere(n) : o S
In hinh ciu ra man hinh thay vao vide 1ed gid tri vao cde ma trén.

Vidu

Can dinh nghia tudi U,V 1rén 1 don vi mit vudng vdi 5 didm trén trye
x v 4 diém trén truc y.

* DAu tien 1a phai dinh nghia 2 vector x va y.

>> x = linspace (0, 1, 5 );

>>y=lingpace {0, 1, 4);

>>[u,vj=meshgrid (x,y)

* Tiep theo

- tinh todn gid trt ham 7 = [(x,y) trén mién ving da dinh nghia ludi.
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-Z =f(uv)

a) Gia sir can v& dudmg contour cla 3 ham sau:

2, = [{(X.y) = sinx . siny X, y € [0, n)
Z=fxy)=x-x'+y +1 xyel-5 5]

73 = [(x,y) = sinx ((x* + y )"/ + y)'® x,y € [-10, 10]

Boan chuong trinh sau tao ludi va cde gid tn cta ham. Sau d6 v6i ham

plot s& dua k&t qua ra man hinh do hoa.

ham sin(x) * sinfy) ham sin(s /s

1 2 3 4
ham x - x"3 + y"2 + + 1

100

Hinh 5.4 ffinh vé cho boividu a
Phian chuong trinh ngudn cha vi dy a
>» X=0:0.2:3pi;
»> Y= 0:0.25: 5pi;
>> [X,Y]= meshgrid (x,y);
>> 7, = sin (X).* sin(Y),
»> x=-5:0.25:+45



. iGN L

%> subplot(2,2,3); contour3(x.y,Zs);
>> u-”e (rha-m X - xﬂs + y“? + + 1:);'

>> subplot-{2,2,4); contour3 (X.y,Zs);
>> title (ham 3D sin(n)/r);

b) B¢ 1am sdng 16 hinh dnh cta him, ¢é hé v& contour nhu 1a vé
gradients. Gid tri gradient dugc tinh bdi 1enh gradient va ¢6 thé duyc dua ra
man hinh bai Iénh quiver.

25 x.y] = meshgrid ( -pir2 : 0.1: pif2, piz0.2:pi);
>> z = abs (sin( Y )" cos(X}); F— B
> [DX, DY]= gradient (z,0.1,02)
> contour (2); . L
L >>h0‘d on;’ “
“»> quiver ( DX, DY );
»» hold Off;
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Hinh 5.5 Mé ta cho vidu b

Hinh 5.5 cho bdi doan ma chuong trinh vict & trén.

5.3. PO HOA BA CHIEU

Matlab s& tu dan x&p canh nhin va géc nhin vdi bo 1¢nh plot3 va ban
chat plot3 tuong duong véi plot, chi khic plot3 yeu cdu thém vector tha 3
hay ma tran doi s6. Kiém tra mau cia dudng c6 thé thay d6i thong qua bién
string.

5.3.1 Lénh vé do hoa 3D thong thuong

plot3(x,y,2) - V& d6 hoa thong qua diém xdc dinh bai (xi, yi,
7i). Céc vector X, y, z phai ¢6 do dai bang nhau.
plot3( X, Y,Z) - V& dd hoa véi céc cot cia ma trin X, Y, Z cdc ma

tran phai ¢6 do 16n nhu nhau, déng thdi chiéu dai cia
cdc cOt trong ma tran phai bang nhau.

plot3(x,y,z,str) - V& d6 hoa tuong ty I&nh trén véi mau va kidu
dudmg duge xac dinh bdi bién str.
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plot3 {x,, ¥.. 7, - V& db hoa tal (X, ¥, 2,) v@i mau va ki¢u dudmg

SUTy, X1y ¥ay 73y xdc dinh bdi sir. vd nemg (oSt cho X, ya, 2,... Néu
str,,...) str, vd str- kKhonyg duge dinh nghia Matlab s€ tr chon

mau va Kidu cho dutmg,

Vidu

Chuong tinh mo phong chuyén dong hdn loan n bude trong khong
gian 3D,

n = input { 's6 bude chuyén dong');
X= cumsum ( rand n)-05);

 z=cumsum (rand(1n)-05)
plot3 ..(_X,j/.',:Z .)" ' P S LI - e
“text (x(n), y(n ), z{n ), 'két thuc'); a

1] >
P

0 ../ \7<

a4

Hinh 5.6 M0 td chuyén dong hén loan trong khaong gian 3D
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5.3.2 Cac lénh vé hoat hinh 3D

comet 3 (x)

comet3(x,v,7)

comet3(x,v,2,p)

- Tuong 1y phu Ignh comet trong khong gian 2D,
Comet3 cho ra hinh dnh chuyén dong hoat hinh mo
phong lai qua trinh v&

- V& md phong qud trinh v& ca him z = {{x.y).

- Cho ra ti&n trinh v& mo phdng twong tw nhu trén
véi do kéo dai tish theo p. Chidu dai cta p duge cho
trude nhu vector y. N&u p khong duge xac dinh thi
ham s& 1dy gid trl mac diph la tp cla cde gid tr 0.1

Chir trong clra s6 khong gian 3D duge thé hién tuong (¢ nhu cac bd
I¢nh trong khong gian 2D nhu title, text, xlabel, ylabel va zlabel.

5.4. MAT LUGI TRONG KHONG GIAN 3D

Matlab cho phép tao ra cde mit [udi trén man hinh do hoa cua bam 7 =
f(x.y) theo tlng budc sau diy.

- Xay dyng ludi gnd

- Tinh gid ui 2z = (u,v} vd3i U va V 1a 2 ma trin diém toa dd cia cdc gid
{rl trén trye X vid y tuong g,

- V& mat tudi bang 1¢nh dé hoy cho phép trong Matlab. Chi ¥ rang
ludi grid khong cdn thict cho loai Tudi td gide. Trong cde truong hop khéc
toa do ludi phai duge cho vao khi got hiam.

5.4.1 Bo lénh tao luai

mesh (7))

mesh{z,¢)

mesh( v, v, z, ¢}

104

- In cdc gid i trong ma tran £ ohy 1a cic do cao
trén mat ludn grid hinh chit nhit. N6i cac diem do
vdi cde diém xung quanh tao nén mat ludi (mesh)

- V& ciic gid 1 cta z 8o trén mét ludi grid chix
nhat vai mau sac cua diém duge xde dinh bi tap céc
hid¢n trong ma trdn c.

- VE ham mit ludi wén dif ligu 12 cée phén tr trong
ma tran 7 Cic diém laun cdn trong ludi duge ndi vdi
nhau b cie dutmg thing. DO hoa duge vE trong
khong gian 3D vdi gée chidu phai canh, trong dé
phin (0 zij 1 chidu cao trén ludi grid(Uiy, Vij)).



- Bim nhin duge 18y tr dong dé cd gde nhin phdi canh rdéng nhit. Vi
trf diém nhin ¢é thé duge thay doi thong qua ham view.

U: ma trin toa dé theo x

Vi ma trin toa dd theo y

Z.: ma trin toa do theo 7

Zi)=f(Uy, Vi)

C: ma trin mau cho méi diém.

N&u ma tran C khong xdce dinh thi C = Z duge sit dung. Néu U va V la
hai vector ¢6 chidu dai m va n tueng Gng thi 2 1a ma trdn ¢d kich thude m x n

vi mat ludi duoe xde dinh b 3 diém (uij, Vi, Zij).

meshe (...) - Dung d¢ v& budc ludi cho cdc bé mat ludi tuong
ty nhu I¢nh mesh nhung dong that v thém dudng
contour & dudi hé mat lum

meshz (...) - Dang dé v& mat ludi teong e nhu 1énh mesh
nhung ¢ thém led grid trén mdt X,y

waterfall(...) - Tuong tu nb [énh mesh nhung fu6i grid chi duge
vé theo 1 hudng.

hidden on - Matlab khong v& cdc dudmg khuat sau mat lud
tao bai 1Enh mesh

hidden off - Matlab s€ v& cdc dudmg khudl sau mat ludi

hidden - Chuyén trang thai hidden 1t on sang off hodce

npuce lul

5.4.2 Quay ma tran do hoa 3D
Vide quay cde ma tran do hoa ¢o thé thao téc thong qua 1&nh rotY0.
rot90(A) - Trd lai gid (0 cta ma trdn anh A qua phép quay

90" theo chidu kim dong hd, [gnh thudng dugc su
dung v 1enh mesh

rot90(A k) - Tra lai gid 1 ma win A quay theo chiéu Kim
dong ho 1 goc k *90
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Dusi day 13 moét s6 vi dy minh hoa cho cc 1¢nh d6 hoa ndi tréa.

a) Trong Matlab ¢§ sdn mot 58 ma tran anh chif ¢ tén Matlabmatrix.

Vi 1§ do ma tran qué to ta chi quan sdt trén et sd nhimg gi tao thanh to nd.

»> clf

>>-5ubplot(2,2,1); mesh( Matlabmatrix ); R

>> title('ges nhin ch uan’;

“>> title(viewed tir diém [1 4 2]); o

>> subplot(2,2,3); mesh {(Matlabmatrix);

i>> subplot(2,2.4); spy. {Matlabmatrix);

anh.

nhu

>> view{{-1 -2 -7}

>> title('céu tric cia ma tran dnh Matlabmatrix’);

Vi 1enh spy( ) cho phép mé th mot cach 1d rang nhit v& ma tran diém

h) Diung Matlab dé mo 14 cdc mal hinh hoc sau:
7, = f(x,y) =sinx. siny x,y € [0, 7]

. =fLy) =+x=x"+y +1x,y € -3, 3]

7: =1(xy) = sqin(\,lx2 +y? }m" ye|-8,8]

Viée dinh nghia X, y va £, 25, Z; duwge mo ta véi cde khodng xéc dinh
sau: -

. ”...:”>>_ X = O . 0‘2 '3*pf,’ .

106

»> z,= sinX} . *sin(Y);



_ >->:t1ﬂe('tgam .smx. siny’);

Ham sinx . siny

\\ |
'.“v}\\\

Wil
fff” :.‘--,;

Hinh 5.7 Mé ta ham sin x * sin y

P> x= 03 025:3 ' .
...... > y X : s G Pk
__>> [x Y] meshgnd (X Y):

-""'>..?.zz XAXAZ+ Y224 1,
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Hamx -x3+y2+ 1

Hinh 5.8 Mo td ham z=X - X.73 +y."2 +1

>>subplot (2,2,.3);

. >>waterfall(z2);

Hi¢u mg waterfall cho phép hién thi cdc dudng mo ta chiéu cao cua
cua timg dinh trén ludi.

Hinh 5.9 Mo td hiéu iing waterfall
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. >>x=-8:05:8 e

X, Y] = meshgrid (X, y );

»»Z3=sin(r)/ir :
> subplot ( 2, 2, 4 ); meslice (z3 i
 >> title { ' D6 hoa ham sin(x)/x ');

Ham sin(x)/x

;lo.:‘g\\\, .

Ny " \\" 7
-] y .\ ‘,"’;" !f{
VN
.'y;;:;.;::-;‘;;i::.:;j%&;ﬁ.. _-

Hinh 5.10 Pé thi ludi ciia ham sin( x ) | x

¢) Xay dung cdc ma tran LU v QR thong qua 2 ham fu va gr tU ma
tran A. Mi chuong trinh sau day s€ cho két ra qua thu duge 1&n man hinh do
hoa nhu trén hinh 5.11.

 Wrensl(A) .
A=input (Vao s6ligu cho A ')

. dfsp (!Matrén Ada- t6n t_aj' );
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disp(’ Press any key to continueg ' );

'pause

alf: : . |

- Spr’Of ( 2 2, 1) _ | e L
“mesh{ L) titte(*MatranL '), T n
subplot (2,2,2) I e
mesh { ), title ( 'Ma trén U); | | '
subplot(2,2,3);
mesh { Q) title{ 'Ma tran Q' )
subp.\'or (2.2,4);
mesh (R), title (‘Matrdan R');.

Ma tran L Ma tran U
1 50
0 ¢
0 30
5 10 5 10
5 5
0 0 oo
Ma tran Q Ma tran R
1 50
0 0
: g
10 g 10 5 10
5 5
0 Q 00

Hinh 5.11 Ma td ede ma trgn LU va QR

Khi tao ra cdc bé mat ludi ¢6 do béng hay dnh sdng tuong tac 1én he

mat thi cdc ham hay do lach dugc sir dung s€ khdc vd mang thém thong tin
vé cac dang dir ligu do.
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Co thém thong tin v& cic loai, dang dnh sdng hay cdc giai thudt tao
héng b& mat, ban dyc ¢6 thé tim hiéu trong gido tinh d6 hog hodc gido trinh
CAD. '

5.5. O HOA BE MAT

surf{ X, Y,7,C) - Tao mat ba chidu 1&n min hinh dé hoa xéc
dinh bhdi cde toa do xij, yij, 21j. N&u x va y la
cde vector ¢ dO dai m, v thi 2 13 ma tran
tuong ing m x n vk bé mit duge dinh nghia
bai X1, yj va zj.
- N& X, Y khong duye dinh nghia Matlab
s& st dung ludi grid hinh chit nhat dén gid tr
cia ludi duge xde dinh bdi gid tri cdc phan
trong ma trin C.

- N&u C khong duge xde dinh thi gid 1
mac dinh caa C=7.

surfe ( XY, Z, C) - Him thue hién cdc chuc nang tuong 1y
nhu surf(...} trir chige ning v& cic dudmg
contour ¢ba mat ién mat phang dudi b& mat
ludrn.

surfl ( X,Y ,7Z ,Is) - Tuung tu nhy ham surf (...} nhung can ¢6
thém dnh sdng theo hudng Is = | v,h | hoac Is
= [ X, y,7 |. rong dé cdc bidn s6 tuong ty nhu
alenh view. :

surfe ( X, Y, Z,1s,1r) - Ham thuc hién cdc chite ning nhu teén,
tuy nhién nguci s dung <6 thé cho theém céc
thong tin lién quan nhy dnh sdng xung quanh,
dd phin xa khuych tdn, phan xa dai va do
philn chidu.

-t =1 ambient, diffuse, specular, spread |

surfnorm ( X, Y, 7)) - Ham tao bé mat Judi wi cde chi 50 chie
nang khic & mice d9 binh thutmg hay mac
dinh.

- | Nx, Ny, Nz}

S



surfmorm ( X, Y, 7 )

difuse(Nx,Ny,Nz,Is)

specular{Nx,Ny,Nz,IsN)

peolor ( )

pcolor( X,Y,7.)

file (x, ¥, ¢)

- Bua gid tri don vi vdo bé mit tao cdc ma
tran X,Y,Z nhung khong v& ham 1&n man 46
hoa nxij, nyij, nzij la vector don vi xdc dinh
bai xij, yij, z1). Gid tri dom vi ¢6 do dai 1.

- Tra iai do phan xa coa mat khuyéch tin
cung vOi cdc thanh phan don vi cho bai: Nx,
Ny, Nz st dung luat Lambert, 1s 1a vi tri cha
ngudn sing xdc dinh bai vecotr 3 thanh phén.

- Tra lai d¢0 phan xa b& mat cho cdc thanh
phin don vi Nx, Ny, Nz sir dung ngudn sdng
Is vix gGe nhin v.

- V& moOt mang miu nhim tao vdi mdi 6 1a
1 mau xdc dinh hai cde phan W trong ma tran
7.

- Giong 1&nh surfl(Z,Y,7) v& goc nhin
view(2}.

- V&1 da gide vdi cde gée xie dinh bdi toa
do trong vector ¢ vai ¢ 1a vector ¢6 cling chidu
dal v@i x vi y. Néu x va y 1a ma trén thi da
gide duge vE bdi mbi cot.

Sau day 14 mot vai vi du minh hoa.

a) V& hinh phuong trinh sinr/r vai do thi dudmg nmide o dudi.
>>x=-8:05:8y=x L
i > X Y] = meshgrid (X, v );

»» R=.sqrt { X.A2+Y. 2} + eps;
s> 7= sind RL/R; -

>> sufe{ X,Y,Z);

c=>title (‘Ham sin ' )y . -
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Ham sin(x)/x tren view( [1 0 0]

Iinh 5.12 M6 td mat lwdi sin (r )/ r. Vdi dai mau C phu thuéc vao Z

b) Vi gia tri X,Y,Z xdc dinh nhu & phan a) véi Ienh
>> surfnorm( X,Y,£)

>>grid on

[X Y ]= meshgrid (-3:1/8:3 );

Z = peaks( X,Y ).*sin ( X ),

[ Nx Ny Nt ] = surfnorm ( Z ),

S=[-3-32] % vi tri nguén sang
k;=[0,1,0,0] . % miutc d6 phan xa
k,=[0,01,1] % murc do &nh sang xung quanh
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Hinh 5.14 Mt ludi véi cdc do phan xa cho boi nguon sdng S

surfl ( X, Y, Z, S ); shading interp;
surfl (X,Y, Z, S, ky); shading interp;
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Hinh 5.15 Mait ludi 3 chiéu véi cdac mo hinh dnh sdang khdac nhau.
surfl ( X,Y, 7. S, k,); shading interp;
D = diffuse ( Nx, Ny, Nz, S );
surf (X, Y. Z, D ); shading interp;
colormap ( gray )

5.6. PIEM NHIN VA PHEP PHOI CANH

Vide quan sdl do hoa s& d& dang va gan vdi thuc t& hon néu duge nhin
tir cdc gée khdc nhau. Lenh view dung dé thay ddi géc nhin trén man hinh
d6 hoa. N6 cho phép kha nang xdc dinh dong thoi ca diém nhin 1an géc,
phuong do nhin va do cao. Phép chidu phdi canh cdn ¢6 thé thay d6i thong
qua I&nh viewtx.

View
>> view (v, h)
- X¢ét gée nhin cho man dd hoa. Thanh v la goc phuong vi vdi chiéu

duong trén mat phing x, y duoc tinh theo chiéu kim dong ho. Chiéu cao trén
mat phang duge xdc dinh véi thang do h.

>>[v h] =view
- Trd lai g6e trén mat phiang X,y vao v va chiéu cao trén mat phang vao h.
>> View (1)

- bat diém nhin vao vi tri xdc dink boir=[x,y. 7|



>> view (n )
- Xét gée nhin phy thude theo gid tri cta n.
n = 2. Géc nhin chudn hai chiéu. Hay top-down nhin tir trén xudng.

n = 3. Géc nhin chuén 3D cho bdi ma tran 4 x 4 dé chuyén doi dit li¢u
khi v& cdc thuc thé dé hoa.

>> View (T)

- Sir dung gée nhin xdc dinh b&i ma tran 4 x 4T Khi v& d6 hoa.
Vicwix(v,h,s;r)

- Tré lai gi4 tri ma trn 4 x 4 x4c dinh diém nhin va hudng nhin.

Vidu

Mo hinh mat sin (x)/r véi gée nhin tir canh sang
P2 z=sIn(X)IE s
>> surf(z ); i
5> title (' Ham sin(x)/x tren tren view [1 0 0]);
 >>gridon -
>>view([1 00]);

Ham sin(x)/x tren view( [1 0 0]

0.8

0.6

0.4

0.2

Hinh 5.16 Mt sin(x)/r véi diém nhin tic canh sang
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b} Vi 1enh view cho phép nhin 3 chitu v6i hinh anh 2 chiéu
V{ du hinh qua béng véi gde nhin

>>view(f1 1 1))

Hinh qua bdng phiang vdi gdc nhin trong khong_ gian 3D.

Lénh surf va mesh ¢ thé due st dung dé vé cac ham trong ca hé ludi
grid khong dCu.

Vidu

Khi nghién citu nhitng s6 Mach trong linh vyc hing khong, viée tinh
todn va tao ra ludi grid don gidn chi bang mdy dong 1éph text va hinh v& sO
duoc tao bdi Matlab. Ludi grid s¢ duge ¢t vio hal ma tran X, Y, béi ma
tran Mach chifa cée gid td S, Mach.

>>surf ( Xi; Y., Mach ), e

>>.view (2 ); '

~>> axis( [-0.5 1.5 <1 1]); '
< »» shading interp,

£é nhin thay prid ta st dung Jenh mesh vGi cde ma tran ¢6 dinh. Tuy
nhién mudn hién thi duge ladi, can tim duge dit lidu ctia ma tran X1 va Y1.

»> mesh{ X, Y, ones { size ( X;)) )y, e
- v‘ew (2 ), L D e
. »> axis ([0.5 1.5 -1 1])

5.7, SLICE TRONG KHONG GIAN 3D

b nghién cdu nhimg do hoa 3 hi¢n Matlab dung 1énh slice. Lénh nay
dé v& ¢t 14t trong khong gian 3D vdl méu tai mbi didm uwen bé mat ludi
tuemg ung vl cde gld tn clia ham tai diém dé.

>> shice { V. xs, ys, ZX, nX )

V& phan 16p clia ham ba bidh xdc dinh bdi ma tran V. Ma tran V 1a tap
clia nx 1dp ludi tinh trén ba ma trdn tao bdi 1énh meshgrid cong ba tham bién
vector Xs, ys va zs s¢ xde dinh nhing 1t ve.



Vidu
Cho ham F(x,y,z) = X* + Y’ + Z° trong mot hinh khéi ¢6 214 tri
[-T 1]x[-T 1T ]x[-1 1]
bau tien dinh nghia ludi grid tron; khong gian 3D thong qua ham

meshgrid va tinh cdce gid tri cta ham F(x,y.. ' thong qua cic diém trén ludi
grid dé.

> o 2 =meshgnd (<1 - 48, A8, 12041
2RV = X224+ YA2+Z72:

S6 trén duge tinh tai 217 diém va ta phai chon nhimg manh nao song
song v4i truc toa do can v&. Vector [1 3 2] cho biét nhimg manh 1, 3 va 2, 1
s¢ duoe vé ra..

biéu dé duge thue hién qua Iénh :

seslice{V [« 1}, 11 1LE1:1:1.21)

y N

204

15 ]
G
1

104 1
=5
nes

5 L

e

BHBERER
PAAR LA M

Hinh 5.17 Cdc manh duoc xdc dinh boi mdt phiang X =11,
Y =11, 7 = 11 cang véi cdc mau luwong irng
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5.8 MAU SAC VA KIEM SOAT CAC HE MAU

Trong linh vue do hoa, vice kiém soat 4nh sdng vi mau sac la nhing
chic nang khong the thicu duge d¢ cho ra nhitg hinh anh that sac nét.
Trong Matlab, ngudi sur dung duoc cung cdp mot s6 ham dé¢ kiém sodat mau
sac, anh sdng, do bong v.v... cua nhiing hinh danh duoc tao ra.

Vi du:

Lénh shading cho phép dat ciu hinh ctia vice in ra bé mat Tudi. BE mat
¢6 thé duge vé& ra ¢6 hoac khong ¢o ludi cong vai thang mau ndi suy.
5.8.1 Cac thuoc tinh bé mat

Kiéu shading, type : Duing d& vé ht mat cung mot s0 thudce tinh sau

- Faceted dung dé v& ludi trén bé mat va day la kiéu mac dinh cua hé¢

thong

- Interp st dung nhitng mau noi suy trén h& mat

_ Plat tat ci cde bé mat duge v& vai cing mot mau c¢dc dinh cua bé
mat.
Vidu

Ham sin (R) /R vdi hicu tng bong shading mterp

Ham sin(x)/x tren shading interp

Hinh 5.18 Phdn bé mdu trén bé mat luoi voi hieu iing hang

119



x=-10:0.5:10;
y=x

X y]= meshgn‘d. (%yh

r=sqrt (XA2+YA2)

z3=sin(r ).l/ r

- graymon,
surf( 23 );
shading interp;
title {"H. . msin(x)/xtren shading-interp’);
gridon - ' '

5.8.2 Gioi thiéu cic hé mau trong man hinh dé hoa

M® hinh mau i ky thuat bidu didn miu sic cla mat the mau trén mot
h& t0oa d6 mau ba chicu bao gém tap cdc miu thanh phén ¢é thd trong, thay
duyce trong he théng toa dd mau thude mét gam miw dic trung,

Vi du nhu md hinh mauv RGB (Red, Green, Blue): 13 mot don vi 1ap
¢de méu thanh phin sap x&p theo hinh lap phuong cia hé ruc toa do Hé cac
dung bicu dién mdét mau hit k.

Muc dich cha md hinb miu 13 cho phép biéu didn va chuyén déi theo
quy wde mdt s loal miu i gam méiu nay sang cdc gam mau khic.

Mau can ban trong loai gam mau cho céc man hinh CRT (Cathode ray
tube) duge xdc dinh bdi cdc miau 26¢ RGB. Ta ¢6 thé nhin thdy trong mang
mau ndy mdi gam miau (3 tdp hop nhd hon cha 13t ca cde mau ¢6 thé nhin
thdy duge, vi vy mdt mo hinh mau khong thé st dung d¢ dinh ré 141 ¢a
nhing gi <6 thé nhin thay.

Ba md hinh mdu dinh hudng phan cimng la:

- RGRB duge siedung vii cde man hinh CRT.

— YIQ duoe su dung trong hé thdng ti vi miu bing tin rong

—  CMY (xanh tim, do tuoi, vang) sit dung cho mot s6 thict bi in
mau.

Khong mot mo hinh miu ndo trong cdc mo hinh mau k& teén o6 the sir
dung trong thyc t&, hai vi chiing khong ¢6 mai quan hé true tiép véi céc y
ni¢M mau clia rue gide clia con ngudsi bao gdm:
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—  Hue - sac mau.
— Sturation - 49 bio hod.
— - Lighness - do sdng.

Bai vay mdi mo hinh miu Khic nhau duce phat tridn chi sir dung cho
mot ticu chi nhat dinh.

Dudi day ta hily cing im hidu ha mo hinh mau HSV, HLS va HVC,
trong d6 m&i mo hinh mau cho ta mdt phuong 1ién phyc vy cho mdt muc
dich tidp can khic nhau khi th hicn mau sie. Sy ton (ai cha céc md hinh
miu néu trén cing ddng thi dan dén nbu ciiu vé sy bign doi tir mot mo hinh
méu sang mo hinh RGB dya theo sy bicn déi trong khodng khong gian méiu
(X,Y.7) do Uy ban Qudc 1& v& chicu sang CIE (Commission Intcrnationale
de I’ éclairage) quy dinh. Quy tac hicn doi nay rit quan trong béi vi CIE Ja
mot tiéu chuiin duge dp dung rong khip the gidi doi voi @t ca cde mo hinh
mau.

5.8.3 Mo hinh mau RGB ( Red - Green - Blue )

Mau do, xanh 14 ciy, xanh da (roii (RGB) duge st dung rong rin trén
man Fnh CRT vh céde loal man hinh do hoa Raster mau dua vao hé tod do
D& cde. Nhimg mau trén mo Kok RGRB duoe xay dung teén cd s thém vao
nhimg miu goe, dicu d6 o ncn sy déng g6p ritng cla tung mau gdc dé
mang lai k&t qua.

Tap hop mau hanh phan sap x&p theo khoi 1ap phuang don vi duge chi
ra trong hinh 5.19. Puimg chéo chinh ciia khdi lap phuong vl sy can hang

v s6 luong ting mau gdéc tuang ang, di r mde do den 12¢0, 0,0 ) cho dén
wang (1, 1, 1) .

Blue=(0,0,1)  cvan= (01D

magenta(1,0,1

white= (1,1,1)

black=(0,0,0) __________________________ R Green=(0.10)

Red =(1,0,0) vellow=(1,1.0)

Minh 5.19 Mo hinh khong gian mdu RGB
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Gam miu duge the hi¢n trong h¢ mau RGB duoe x4c dinh béng nhiing
dac tinh cua hién tugng phit quang cta cde chat phot pho trong man hinh
CRT. Hai man CRT vt 2 loai chit phot pho khdc nhau s& cho ra cdc gam
mau khac nhau. Sy bicn d6i mau duoc dinh 1o trong gam mau ctia mot CRT
50 vét gam miu cha mot CRT khéc. Chang 1a ¢6 thé thay d6i gam mau cua
mot CRT nay sang mot CRT khic thong qua cde ma tran chuyén déi Mh va
M2 tir khong gian mau RGB cha timg man hinh (6 khong gian mau (X,Y,2).
Cong thic hi¢n doi

X Xr Xg Xbh R
Y = Yr Yg Yh G
4 7y /g Zh B

Vai Xr, Xg. Xb la cde trong s6 tiang dng v cde mau trong h¢ RGB
cda man hinh, tvong wr véi X, Y. 7. Vi¢e xde dinh M 1a h¢ s6 chon mau
thong qua ma 1ran 3x3 cla cde trong s6 trén. Chiing ta vidt lai cong thifc nhu
sau;

~
o]

Vdi M1 va M2 1a nhitng ma tran he 56, sy bién déi qua lai gilfa gam
miu cta hai man hinh theo CIE duge mo 14 bang M, * M,. bidu d6 cé
nghia vige hién doi dd thong qua RGB cia man hinh mot 1§ RGB clia man
hinh hai. N&u mau Ci td gam midu cia man hinh MmOt nhung né khong 14
gam mau cua min hinh bai, miu weeng dng C2 = Mo M1.C1 sE & bén ngoal
Khéi 1ap phuong don vi va vi vily s& khong thé hidn thi duue. Vice chuyén
doi tuy don gidn nhung khong phii 1a gidi phdp thod min cho moi g1 tri.
Vin dé niy 6 thd gidi quydt bing cich thay th cdc gid 1ri cha R, G hoac B
khi cée gid tri nay nhoé hon 0 bang 0 vi Iém hon 1 hing 1.

Cdc d sac mau cho mdi ma hinh phdt pho GRB luon <6 sin nhu 1
cde thong 86 k§ thuat cha cong nghe CRT. N2 khong, cdc thiét bi so mau
cing ¢ the duge s dung d€ do trye G8p cdc gid tri toa dd mau, hay mot
thi€t bi do quang phé ciing ¢6 thé duoc sur dung dé do P(L) va sau d6 ching

¢§ 1hé duge bidn ddi thanh tog Ao mau hing cc phuomg trinh (5-1), (5-2) va
{5-3).
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Lo 100 1)
[P (2) yrd

X Y Z
X= Y= = {5-2)
(X+Y+Z) (X+Y+2Z) (X+Y+2Z)
X:;YQY—_-Y‘Z:I___".__-\.-Y (5-3)

3 ¥

Biéu thi cic toa dd thong qua (Xr, Yr) cho mau do, (Xg, Yy) cho mau
xanh va (Xp.Yb) cho mau xanh da (o v xde dinh €, nhu sau

Cr=Xr+Yr+7r
Ta ¢6 1thé tinh cho miu do goe theo:
Xr =Xr/(Xr+Yr+7r) = Xr/Cr, Xr=xr*Cr
Yr = Yr/(Xr+Ye+7x) =Yr/Cr, Yr = yr*Cr
/r=(1-xr-yr)=Z0/(Xr+Yr+7r) = 7.JC. 7y = *Cr

Vi cach xde dinh tuang e cho Cg v Cb phuong tiinh ¢6 thé duge viét nhu
sau

X xr(Cr xgCg xb(’b R
Y| = yrir ve(Cg ybCb Gl (5-4)
[/ (1-xr - yn)Cr  (1-xg -yg) Cg (1-xb - yb)Cb B

Cie 4n 56 Cr, Cg vi Cb ¢6 the duge tim bing mot trong hai cdch. Cich
thit nhat, nhitng thé sdng Yr, Yg v Yb cha mau dd mdu xanh da trin sang
nhét ¢é thd duage do vdi mot quang k& chat lugng cao. Nhig thude do thé
sang ndy ¢ thé dugc k&t hop vdi cde dal lugng yr. yb vir ye di bict dé tinh
cde gid

Cr =Yr/ye,.Cg =Ygfye . Ch =Yh/yn

Nhimg gid (ri ndy sau d6 duge thay the vio phuong trinh (5-4) va ma
ran chuyén d6i M duge didn ta trong quan he cda cde dai lueng da bidt (xr,
yr), (Xg, ye), (Xb, yb), Yr, Y. Yh

Ta cing ¢é the loai nhing hi¢n khong bidt i phuvmg trinh (5-4) ncu
bict duge hode do duge ciie gid tri Xw, Yw vi Zw cia mau trang duge tao ra
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khi R=G=R=1. Trong trudmg hyp ndy phuong trinh {5-4) ¢6 thé duogc vidt lai
nhu sau:

Xw X, X, Xy, R
Yw| = ¥, ¥, ¥ Ca
Iw (1-x, - ¥,.) {1-x, -v,) (1-x, - ¥) !

Ldi gial cho Cr,Ce,Ch la cdc gid tri cn tim véi nhtmg ya tri di bict
duce thay vio phuong trinh (5-4). Mt khdc ciie gid tn clla mau tring xdc
dinh b xw ,yw,ze. trong d6 Yw s&duoe im ra vl phueng te inh trén:

Xw=xwYw/yw. Zw=zwYw/yw.

5.8.4 Mo hinh mau CMY (Cyan, Magenta, Yellow - xanh tim, do
tuol, vang)

Ba mau CMY i cic mau b tuang tng cho cde miu do, xanh 14 cay,
xanh da 1o v ching duge st dung nbu nhitng bo loe d¢ loai trir ¢iic mau
ndy tr dnh sdng trang. Vi viy MCY cin dude goi 1a cde mau bit loai trir cla
cde mau poe RGHB.

Tap hop miu thinh phin bicu din twong b 1oy do pé-cdc cho md
binh miu CMY ciing gidng nhu cho mo hinh mau RGB ngoat o miu lmni_
(anh sdng trang ) duge thay thd mau den (khéng ¢ anh sang) ¢ tai ngudn

sang. Cde miu thuomg duge 1ao thanh hing vich logl bd hoge duge b tirdnh
sdng trang hon L duge thém vao nhimg miu tOi.

Nhimg kién thic vé CMY la quan trong, khi xem xC&t cde thiét by in
miu trén giay. Ching han nhu in tinb di¢n hay mdy in phun. Khi b& mat giay
duve bao phi bai [dp mue mau xanh tim, s¢ khong ¢d tia mau dd phan chiéu
tir b¢ mat dé. Miu xanh tim dd loai b plmn mau do phan xikhi cd tia sing
tring. mi ban chdt 1 t6ng cha 3 miu do, mav xanh i cay, xuanh da (rov.

Vi the ta ¢6 thé coi mau xanh tim {cyan) 1 mau tring trir di mau do va
d6 cing [ miu xanh da rdi cong mau xanh la cly. Tuong ty nhu vay ta ¢6
miu do i (magenta) hap thy mau xanh 14 uty (green) vi the nd tuong
duang vdi miu do cong miu xanh da i, VA cudi cimg mau vang (yellow)
hap thu miu xanh da (rdi, 0o s¢ hang mau do cong vdi mau xanh 14 cay.

Khi b& mat cha thye the durve bao phit b xanh tim va vang, ching s¢
hap thu hét cde phan mau do va xanh duong cha bd mat. Khi dé chi ton tai
duy nhat miu xanh 14 cAy bi phan xa (r sy chidu sdng ciia dnh sdng trang.
Trong (rutmg hop khi bé mit duce bao phit bdi ¢id 3 mau xanh tim, vang va
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do thdm, hién tuong hap thu xdy ra rén ¢d 3 mau do, xanh 4 cay va xanh da
trosi, do d6 13 mau den s& 1d madu cta bd mat. Nhitng mai lién he nay ¢6 thé
duge midu ta bdi phuong trinh sau:

C 1 R
M =1 - [G
Y 1 B

Vée 1o don vi cdt RGB midu ti cho man trang va CMY midu @ cho
mau den .

Su bién d6i tir RGB thinh CMY la:

R 1 C
Gl =1 - M
B 1 Y

Cong thitc bicn déi don gian ndy ¢6 the duge xu dung cho vige bin
ddi tdm mau tgo thanh tir 8 hgp cia 3 mau do, xanh 14 cdy, xanh da trn
thinh tdm mau 1& hop cia mau xanh tim, do thim va miu ving. Sy bidn doi
nay dudge ting dung rat hi¢u qui trong cong nghé in phun va in Xerox.

inh 5.20 Cde man ba (cyan, magenta, yellow) va sy pha trin giita chung



Mo hinh CMYK

Mot mo hinh mau khic, CMYK la md hinh st dung thém miu den
(viel tat [a K) nhu mau thit tu, duge sir dung trong qué trinh in bon mau trén
mt s thiél bi in an.

Vi cdc chi sd k§ thuat CMY quy dinh, miu den duge st dung dé thay

th cho cdce vi ted ¢d thanh phan ngang bang theo C,MY. Méi quan h¢ <au
duge vidt theo codng thife:

K =min(C,M, Y);

C=0C-K;
M:M-K;
Y=Y-K.

5.8.5 Mo hinh mau YIQ

M hinh mau YIQ la md hinh mau duge tug dung trong truyén hinh
mau bang 1an rong tai My, va do dé né cd mdi quan he chat che véi man
hinh dé hoa mau raster. YIQ 1a su thay doi cia RGB cho kha nang truyén
phdt vi tinh twong thich véi G vi den trang the hé rude. Tin hicu truyén s
dung trong he¢ thong NTSC ( National Television System Committee).

Thanh phan Y cla YIQ khong phai 1A miu ving nhung 13 thé sdng va
duge xdc dinh gidng nhy mau goc Y cua CIE. Chi thanh phin Y cua mdt tin
higu (i vi miu duge thé hién (rén nhimg ti vi den tring. Mau dude mi hod
trong hai thinh phin con lai 1a I vi Q. M6 hinh YIQ s dung he toa do
Bicic ba chiu vai 1ap cic thinh phan nhin thiy duge bicu dién nhu mot
khoi da di¢n 16i rong khai [ap phuong RGB.

Su bi¢n déi RGB thanh YIQ duve xdc dinh theo cong thie sau:

Y 0,299  (.587 0,114 R
Ij =1 0,596 -0.275 -0,321 G
Q 0.212 -0.532 0,311 B

Nhimmg dai lugng trong hang diu ticn phan dnh mic quan trong cioa
mau xanh [ ¢y vd mau do cling nhu mic khong quan trong cia mau sdng
xanh da tdi. Nghich ddo cia ma tran bién déi RGB thanh YI1Q duge si
dung cho su bi¢n doi YIQ thainh RGB.
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Phuong trinh trén dugc viét vdi gid thiét chi s6 mau RGB dya trén cd
<& tidu chudn Phosphor RGB NTSC véi cdc gi4 tri (toa dO) theo CIE 1a

Red Green Blue
x 0.67 0.21 (.14
y 033 0.71 0.08

Va cho nhimg diém tring phit séng Cla: xw =0.31, yw = 0.316 va
Yw =100.0.

Céc chi dinh cy thé trong mo hinh mau YIQ, tao tidn dé cho viéc phat
tri€n rong rdi sy truyén phdt vO tuy€n bang tan rong.

Hai mau khéc nhau dugc hién thi ciing nhau trén man hinh mau s&
khac nhau, nhung khi dugc bign ddi thanh YIQ vh duge hién thi trén man
hinh den tring ching lai c6 thé gidng nhau. Vin dé nay c6 thé duge tranh
bdi viée dinh 1o hai mau v4i hai gid tr1 Y khédc nhau trong khong gian cia
md hinh mau YIQ .

M6 hinh mau Y1Q khai thic hai thude ifnh hitu fch cta he théng hién
thi.

Thit nhét he thdng nay thay doi trong thé sang nhay hon 1a sy thay déi
frong mau sac hodc sy bao hod. Khi nang cla mit cop ngudi phan biét
khong gian da mau y&u hon la don mau. Didu nay dua ra gih thi€t rang nhiéu
bit (don vi do théng tin) cua dai tan c6 thé duge st dung tugng trung cho 'Y
hon 13 duge sit dung dé tugng trung cho [ va Q vi né cung cdp do phén gial
cao hon trong Y.

Tht hai, cic d6i tugng bao ph phan At nhd clia ving cam gidc mau
han c¢hé& cla mat con ngudi, didu nay cé thd duge chi rd khd nang tfuong
xdng véi mau mot chidu hom 12 mau hai chiéu. Gid thiét nay cho 1, Q hoidc
<A hai 13 chiing c6 thé ¢ mot dai tan thép hon Y.

Hé thdng ma NTSC cia md hinh mau YIQ trong tin hiéu rruyén bang
tan rong s dung cdc thude tinh dé dat gi4 tri 16n nhat vé s lugng ciia thong
tin dugc chuyén dao trong sy k&t hop dai tan: 4MHz duge 4n dinh cho Y,
1.5 cho 1 ,vd 0.6 cho Q. .

5.8.6 Mo hinh mau HSV ( Hue, Saturation, Value)
Céc mé hinh mau RGB, CMY, YIQ dugc dinh hudng cho phén cing
tr4i nguyge véi mo hinh mau HSVcha Smith [SMIT78] hay con duge goi la

mé hinh HSB vi B la Brightness (d@ sdng), dinh hudng cho ngudi st dung
(rén o s truc gidc vé tong mau, sac miu va sic thai my thudt.
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He¢ thdng toa do c6 dang hinh tru vi tip méu thanh phin cla khong
gian bén trong md hinh mau duge x4c dinh 13 hinh chép sdu canh nhu trong,
hinh 5.21. Ddy hinh chép sdu canh khi V=1 chia dung mdi quan hé gilta céc
mau séng. Nhimg mau trén mat phang ddy chép véi V=1 déu khong nhan
mau sang .

Mau sac (hue) hodc H duge do bii gée quanh truc ding véi mau d6 1a
0% mau xanh 14 cay 1a 120°, mu xanh da tdi 13 240°, Cic mau b§ xung
trong hinh chép HSV & 180° d6i di¢n vdi mau co ban. Gid trj cta S 1a mot
diy sO fruyén tir gid trj O d&n 1 trén dudmg trung tAdm (truc V). Su bdo hoa
duge do wong ddi cho gam mau tuong tng v6i mo hinh mau nay, va la mot

tap hop nhd trong toan b bidu d3 mau CIE do d6 su bio hod 100% trong
mo hinh {1 hon 100% su kich thich tinh x4c.

Trong hinh nén sdu canh, dudng cao V véi diém & dinh 12 mau den va
cé gid tri toa do mdu V = 0, tai didm nay gid trj cha H va S 13 khong lién
quan véi nhau. Diém ¢6 S =0 vd V=1 13 diém mau trang, nhitng gi4 tri trung
gian cta V d6i vai S = 0 (trén dudmg thing qua 1am) 13 cdc mau xam. Khi S
= 0 214 tri cua H phy thude duge goi bdi cde quy ude khong xac dinh, nguac
lai khi S khdc 0 gid tri cia H s& 13 phu thuoc.

v

Green 120° 4\ yellow

cyan
y Red 0°

0.0
black

Hinh 5.21 Mé hinh mdu IS

Vi du nhu d6i véi mau d6 thudn xdc dinh tai H=0, V=1, S =1,

Nhu vy mdt mau ndo dé V = 1, § =1 1a gifng nhu miu thuidn khiét
trong m§ thudt duge st dung nhu didm khdi dfu trong cdc mau pha trén.
Thém mau trang phd hgp dé giam S (khong ¢ sy thay déi V). St chuyén
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mau dugc tao ra bai vide gitt S =1 va giam V. Sac théi duge tao ra bai vige
giit cd hai S vad V ¢ dinh. Di nhién sy thay ddi H tuong dng s€ lua chon
duge mdt chat mau cdn thidt. Bai vay H, S vi V phi hgp véi khdi niém mau
cta hdi hoa va rdt chinh xac.

green yellow

cyan

blue magenta

Hinh 5.22 Hinh chiéu bing mé hinh mdu HSV

bidm cao nhat ¢ha hinh uén sdu canh HSV phit hgp véi hinh chiu
duge nhin doc hinh chéo chinh cda khdi lap phuong mau RGB. TU mau
trang hudng dén mau den duge chi ra trong hinh 5.22.

Khéi lap phuong RGB ¢6 cdc khéi lap phuong nhd ben trong, nhu
duge minh hoa trong hinh 5.23. Mi hinh 1ap phuong nhd khi duge nhin thay
doc theo dudmg, chéo chinh cla né giting nhu hinh sdu canh & hinh 5-22, triv
nhimg hinh nhd hon. Mdi mat V bat bién trong khodng khong gian HSV

tuong tng véi mot hinh 14p phuomg nhd ben trong cia khoang khong gian
RGB.

Blue Cyan

magceta

(reen

Red Yellow
Minh 5.21 Khoi ldp phuvng RGB va mot khoi lap phuong nho bén trong

~ buimg chéo chinh cha khong gian RGB trd thanh truc V cia khong
gian HSV. Nhu vay ta 6 thé nhin thiy bang tryc gidc sy phi hop gitta RGB
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va HSV va thuit todn Va,Vb xéc dinh diing sy phl hop dy trong khi bign déi
t mot mo hinh sang mot md hinh khic.

5.8.7. M6 hinh mau HLS ( Hue, Light, Saturation - mau sic, do
sang, sur bao hod) '

MO hinh mau HLS dugc x4c dinh bai tap hgp hai hinh chép sdu canh
chung ddy nhu hinh 5-24. Mau sic 12 géc quanh truc Black-White, ké tir
mau do tai gée 0° Mic-dit trong thio luén vé HSL ¢6 ¥ kién cho miu xanh
da troi 1a diém 0° nhung ta vin dat mau dé 1at 0° cho su chic chin véi mo
hinh HSV.

Cdc mau s€ xdc dinh theo thd e gidng nhu trong bidu d6 CIE khi
ranh gidi cGa né b xoay nguoc chidu kim dong hé: Mau d6, mau vang, mau
xanh 14 ciy, mau xanh tim, mau xanh da trdi va da thim. Bidu nay ciling
gibng nhu thif ty sdp x&p trong mo hinh hinh nén sdu canh don HSV.

1.0 white

cyan

4

0.0
Black

Hinh 5.24 Mé hinh mau hinh ndn sdu canh déi HIS.

Tom lai ¢6 thé coi mo hinh HLS nhu mot sy bién dang cia md hinh
HSV trong dé mau tring dugc kéo hudng 1én dinh chop sdu canh tir mat
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v = 0,5. Tuong ty mo hinh hinh chép sdu canh don, phin bd xung cua mau
shc duge dat & vi i 180° xung quanh hinh ndn séu canh doi, sy bao hoa
duge do xung quanh tryc ding, 0 trén truc 6 1 trén bé mat.

Do sdng (lighness) = 0 cho mau den (fai diém mut thap nhit cua hinh
nén sau canh doi) va bing 1 cho mau trdng (tai ddu mit cao nhat). Thuit
ngit sic mau, do sang va sy bdo hoa trong md hinh nay cing tudng tu nhu
nhu céc thujt ngt duge gidi thi¢u & cdc myc trén nhung xdc dinh mot cach
khong chinh xéc.

Céc tha tue thue hién sy bicn déi gitta HLS va RGB thyc chat 1a phép
bigh déi d€ dii 1di H khong xéac dinh khi $=0 va dén khi H=0 cho mau d6
hon 13 cho mau xanh.

Mo hinh HLS gidng mo hinh HSV la dé su dung. Tat ca cfc mau xam
¢ $=0 nhung cdc mau bdo hoa Ign nhitld tai S=1,L = {1.5. N&u thiét bi do
dién k& dugce s dung dé xac dinh tham s md hinh mau thi thyc t&€ L phai 1a
0.5 d& dat t6i mdu manh nhit. D6 [a mot bit lgi cia mo6 hinh HSV wong
trudng hop S=1vaV =1

Tuy nhidn tuong ty nhu mo hinh HSV cdc mau cia mang L =0.5 déu
giong nhau 13 khong nhan mau sing. Vi th€ hai mau khdc nhau nhéan do
sdng nhu nhau s& c6 gid tri cha L khéc nhau.

H¢ théng mau Tektronix TekHVC (Hue, Value, Chroma) phat irién
pén day 12 mot sy sia ddi clia cic mo hinh CIE LUV cing loai d3 cung cdp
mdt khong gian mau ¢é thé do vii nhan biét duge khoang cich giita cic mau
13 x4p xi nhu nhau. Diéu nay th& hién mot Igi the quan trong cua hai md
hiph CIE LUV va TekHVC trong d6 cdc chi ti€t cia sy bign d6i tt mo6 hinh
CIE sang mo hinh TekHVC di duge phan tich.

Tuy nhién sy chuyén d6i d6 tr CIE XYZ sang CIE LUV 12 khong
phic tap. Nhu vay cdc khong gian mau cung loai s€ duge nhan biét va su
dung rong réi trong tyong lai.

5.8.8 Cic lénh chuyén déi mo hinh mau

Matlab sit dung nhimng hé¢ mau khac nhau ding dé v& bé mit ludi.
Bang miu 2 ma trin m x 3 v6i m&i ham pdm 3 gid tri dé xdc dinh céc mau
sdc thanh phén theo thit tr do, xanh lyc, xanh da troi (R,G,B). Miu sac cua
bé mat duge an dinh béi chi s§ clia bang mdu, chi s6 ndy thudng duge tinh
fong quan véi gid tri t min d€n max cla bé mat.

Lénh colormap duge st dung dé 4n dinh mau sac cho bé mat ludi.



* colormap

colormap (C)

colormap
colorbar

colorbar (‘horiz")

- Xét C thinh gid ui bang mau dung hién thoi, ma
tran C ¢6 thd 12 mdt rong nhitng bin mau chuén cla
Matlab hodc do ngudi st dung v dinh nghia ra
colormap '

- Tra gia tri bang mo6 hinh hién tai dang dung vao ma
trin m x 3. '

- V& ra dii mdu thing dimg trong man hinh dé hoa
hien thi.

VE ra dai mau ndm ngang trong man hinh d6 hoa
thdi. Dudi day 1a liét ke cha 11 ban d6 miu cla
Matlah.

- gray (m) dua ra dai mau xdm tuyén tinh trén m
mic do.

- hsv (m) dua ra dai miu sdng bdo hod chay tir gid
tri d0 qua gid i xanh dén gid trj d06. H¢ méu hsv
duge xdce dinh trén ba chi s6 hulg, saturation, volume.
- hot (m) dua ra gam miu ndng 13 hdn hop giia
miwu den 1an 40 xen giffa ving 14n tring.

- cool (m) dua ra gam mau lanh hén hop giita cyan
(xanh) va mau magenta khac

- bone (m) dua ra gi4 tri cha dai mau gam mau phdt

~Xanh.

- copper (m) dua ra dai mdu dong
- pink (m) dua dai bién ddi theo mau hong

- ﬂ_.ag {(m) dva ra miu theo mdu c& UK va US (dd
irdng hoac xanh cing mau den lign tiép thanh chudi.

- prism (m) dua ra chudi mau gém 6 mau: do, da
cam, vang, xanh luc, xanh duong va tim.

- jet (m) dua ra bang miu tuong ty h¢ hsv véi gid
tri di tir 46 dén xanh '

white (m) dua ra gam méu trang cho h¢ thing



Ham sin(x)/x va thanh colorbar theo truc tung

0.8

0.6

0.4

0.2

-0.2

0.4

10 20 30 40 50

Hinh 5.25 Ddi mdu ciia mdt lu6i va thang bac mdu cia thanh colorbar

5.8.9 Thao tac v6i mau sic

rgb2hsv (C)
hsv2rgh (C)

rgbplot (C)

caxis (v)

caxis
caxis (‘auto')

spinmap (t,s)

spinmap( inf)

- Chuyén gié tri cia ma trin (m x 3) C tir h¢ méau rgb
sang h¢ mau hsv '

- Chuyén ma tran C (m x 3) tir h¢ méu hsv sang hé
mau rgh.

- V& db thi ctia bang mau rgb xéc dinh bdi ma tran C
véi cde cot tuong tng cho 3 mau do, xanh luc, xanh da
tron.

- Pua ra khoang xéc dinh giéi han cta bang méu véi
V = [Vo Vo ): Vasi Vo 12 €dc thanh phén gidi han dudi
va trén ctia dai mau .

- Pua ra khoang xac dinh gié tri ctia bang mau hién
thoi

- Xét lai dai miu cho he théng vdi gid tri dugc 1dy tir
h¢ thong Matlab.

- Quay bang mau trong thdi gian t gidy su dung budc
nhdy s. N&u s khong dugc dinh nghia thi gid tri mac
dinh = 2. N&u t khong dugce xdc dinh thi thdi gian mac
dinh la 3s.

- Quay bang mau khong xdc dinh thdi gian



brighten ( s ) - S dung bang mdu sdng néu s € (-1, O) va bang
mau thAm nfu s  (-1,0).

Nt=brighten(c,s) - Dua ra bang miu dam nhat cia ma train C ma
khong v€ 1a1 man hinh.

contrast { ¢, m)

Pua ra bang mau ¢é chiéu dai m tir bang miu ma
tran C. Néu m khdng x4c dinh thi chiéu dai cta bang
s& 14y bang chiéu dai ctia ma tran.

whitebg - Chuyén miu nén clia man d6 hoa tir den 1 sang tring
hoac nguge 1ai.
whitebg ( str ) - Xét mau nén theo chudi str, hay vevtor h¢ mau rgb.
graymon - Xét bi¢n s6 cho man hinh den tring
Vidu

Cho ra d6 thi ciia hé mau hsv trén co s¢ 1énh rgbplot Ba dudmng d6 thi
chi dinh cho '% miu trc,n co s ti 18 tham gia thanh phﬁn cta mbi mau.

RE 1

BLUE 1

_ GREEN | |
0- 20 . 4:0 60 8‘6 100

" Hinh 5.26 Hé mau hsv trén co so lénh rgbplot.
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BAI TAP UNG DUNG PHAN THU NHAT

Bai 1

Xay dung ham bac nhét y = ax + b vi cdc tham s6 a,b duge dua vao (r
ban phim. Truy xudt k&t qua lén man hinh dé hoa

Bai gidi:
%A V& theo phuong trinh ham bic nhat
hy=ax+b
clg

a=0:b=0:¢c=0;d=0;e=0;
disp ('Khong gian hai chieu™}
disp('Ve do thi ham bac nhat y = ax # b');
a=input {'Vao he so bac nhat ; a = ")}
b=input ('Vao he so tu do : b= "2
x=-5:0.1:5;
y=a*x+Db;
hold on
plot(x,y, 'm-'}
plot(y,zeros(x),'c—‘)
plot(zeros(x},x,'Cr'}
text(-1,-1.5,'0")
text (-0.05,max{y), """}
text (max(x),0,'>"})
title {'Ham bac nhat')
hold off
clc

Bai 2

Xay dung ham béc hai y = ax ~2 4 bx + ¢ vdi cac tham s8 a, b, ¢ duge
dua vio tir ban phim. Truy xuit k&t qua lén man hinh d6 hoa
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Bai gidi:
%B.1 V& theo phuong trinh ham béc 2
%hy=ax"2+bx+oc

disp{'Next : Ham so bac hai'}
pause
clg
disp('Ve do thi ham bac hai y = ax”2 + bx +c'});
a=input ('Vao he so bac hal ; a = "):
!

b=input ('Vac he so bac nhat @ b = '};
c=input ('Vao he so tu do c = '});
¥x=-3:0.1:3;
y=a* (x."2}+b*x+c;
hold on
plOt {x, Y; ")
plot(y,zeros( x),'c—")
plot{zeros{x}, x, o=t}
text(-1,-1.5, ')
text (-0.05, max{y) Ty
text (max {x},0,'>")
 title{'Ham bac hai')
hold off
clc
Bai 3

Xay dung ham nghich ddoy = 1/( ax + b ) v6i cic tham s8 a, b duge
dua vio tir ban phim. Truy xuét k& qui 1&n man hinh d6 hoa

% V& theo phuong trinh ham Ham so
% y=1(ax+b)

disp ('Next : Ham so y=1/{ax+b}’)

pause

clyg :

disp('Ve do thi ham vy =1/({ax + b)'};
a=input {'Vao he so bac nhat ; a = ");
b=input ('Vao he so tu do : b = '};

x=-5:0,1:5;
y=1./{(a*x+b);
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hold on
plot{x,y,'m-")
plot(y,zeros(x),'c-")}
plot(zeros{x},x,'¢c-")
text(-1,-1.5,'0"})
text (-0,05,max{y},"™")
text (max(x),0,'>")
title('Ham y=1/{ax+b) '}

hold off

clc

Bai 4

Xay dung ham r = a* phi vdi cdc tham s6 a duge dua vao tir ban phim.
Truy xuat k&t qua [én man hinh dd hoa véi he toa do ding 1a h¢ toa dd cuc

Bai gidi:

% Vi du vé hd toa db cuc
disp{'Next : He toa do cuc')
pause
clg
% D4 V& dudng xoén
% r=a"phi
disp('Ve duong xoan : r = a*tt')
pause
clg
a=input ('Vao he so a = '};
tt=0:0.1:8*p1i;
r=a*tt; '
axis('equal','off')
polar(tt,r)
title({'Duong xoan')
disp('Ve nhieu lan')
pause '
axis{'equal', 'off")
for m=1:8

hold on

rl=r*m;

polar{tt,rl)



hold off
end

Bai 5

Xay dung ham r = a”cos ( phi) + b véi céc tham s& a,b duge dua vao tix
ban phim. Truy xuét k&t qua lén man hinh d6 hoa véi hé toa do ding 1a
hé toa do cuc

Bai gidi:

%D.2 Pucmg xodn 8c r = a*cos { phi) + b
disp{'Next :duong oc sen r=a*cos{tti+b'")
pause
clg
a=input ('vao he sc a = ");
b=input {'Vao he so b 1
£tt=0:0.1:8*pl;
r=a*cos (tt)+b;
axis{'equal','off")
polar(tt,r)
title ('Duong xoan oc')
disp{'Ve nhieu lan')
pause
for m=1:8

hold on

rl=r*m;

polar(tt,rl)

hold off

end

Bai 6

Xay dung ham Astroit vdi cic tham 6 a dwge dua vao tlir ban phim.
Truy xudt két qua 1én man hinh d6 hoa véi hé toa do ding 1a h¢ toa do
euc

Bai gidi:
4D.3 Pudng astroit

disp('Next :duong Astroit ')
pause



clg

a=input ('Vac he so a = ');
tt=0:0.1:8*pi;
r=a*sqrt(abs{l-sin(3*tt)/4)};
polar{tt, r}

title('Duong Astroit")
disp('Ve nhieu lan')

pause

for m=1:8
hold on
rl=r+*m;
polar (tt,rl)
hold off
end

Bai 7

Xy dung phuong trinh dutmg Lemniscat Becnulli v&i cic tham s6 a
dugc dua vao tir ban phim. Truy xuét két qua 1én man hinh dé hoa véi hé toa
dd ding 1a hé toa do cuc

Bai gidi:

% D.4 budng Lemniscat Becnulli

disp('Next :duong Lemniscat Becnulli')
pause
clg
a=input{'Vao he so a = 'j;
Et=0:0.1:8%*pi;
r=a*sqgrt(abs (2*cos (2*tt)));
axis{'equal','off")
polar(tt, r)
title{'Duong xoan oc')
disp('Ve nhieu lan")
pause
for m=1:8

hold on

rl=r*m;

polar{tt,rl)
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hold off
end

Bai 8

Dang ham bucky dé xay dung hinh gid 3chiéu. Truy xuit két qua lén
man hinh do hoa

Bai gidi:

%Khbng gian 3D

disp ('Khong gian ba chieu ")
pause
clg

%e.1 V& hinh qué bong

disp {('Ve qua bong da')
[B,V]=bucky;
H=sparse {60,060} ;
k=31:60;
Hik,k}=B(k,k};
®=Vi{:i,1}:

y=v{:,21;

gplot {(H,V, 'm-")
axis{'equal','off'");
hold on

gplot (B-H,V,'c~"}
hold off

Bai 9

V& ham d6 thi trong khong gian 3 chiéu. Ding plot30)
Bai gidi

%e.? V& dudmg co hinh anh khing giah

disp('Ve duong co hinh anh khong gian')
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pause

clg

t=0:p1/50:8*pi;
plot3(sin{t),costit),t);

Bai 10

V& mot s6 bé mit vi du trong khong gian 3 chiéu véi cac tham s6 tuy
chon. Mat parabolloit, mat tru.
Bai gidi

%e.2 VE mat khbng gian 2D

disp ('Next: Ve mat khong gian ba chieu')
disp('Ve Parabolloit’}

pause

clg

t=-5:0.1:5;

[X,y]=meshdom(t, L}

2=X."2+y."2;

mesh{z}

title('Paraboloit'}

disp ("Next: Mat tru sinh boi y=x"2')
pause

clg

z=sqri(x."4+y."2);

mesh (2}

title('Mat tru')

pause

Bai 11

Xay dung menu trong méi trudmg Matlab va thyc hién mdt 56 cdc thao
tac xay dung cac ham d6 hoa don gidn. Bao gbm: V& mdt hinh chu, phuong
trinh dudmg sin{x)*2, sin(xA2)*exp(-x), sin(1/x)*2/x vi tich phan xéc dinh
ctta ham bat ky.

Bai gidi

function Thuctap(action};

% Thuctap Chuong trinh nay ve mot do hoa bao gom
chuc % nang ve mot so ham va tich phan
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# Nhung viec can lam:
% Nutl :Sphere (Hinh cau)
% Nut2,3,4 : Phuong trinh cac ham co ban
% Nut 5 : Tich phan xac dinh
if nargin<l,
action="batdau';
end;
if strcmp{action, 'batdau'y,
figNumber=figure{ ..
"Name', "Bai tap',
"NumberTitle', 'on',
"Visible', "off"});

% Nhung thong tin de tac cac phim chuc nang
labelColor=[0.8 0.8 0.8];
yvInitPos=0.9;
xPos=0.8;
btnLen=0.12;
btnWid=0.10;

% Khoang cach giua nut va nhan cua lenh tiep theo
kc=0.03; '

% Khung nen cho cac phim chuc nang :The CONSOLE
frame
frmBorder=0.01;
yPos=0.01;
frmPos=[xPos+0.02 yPos-frmBorder
btnLen+4*frmBorder 0.9+11*frmBorder];
ulcontrol (
'Style', 'frame?, .
'Units’', 'normalized’,
'Position', frmPos,
'BackgroundColor’, [1 0 0]):

. Nut 1 hien thi lai do thi hinh cau
btnNumber=1;
yPos5=0.90- (btnNumber—-1)* (btnWid+kc) ;
labelStr="Nuti';
callbackStr='Thuctap{''Sphere’ ') ';
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Cac thong tin chung ve kieu nut kich hoat.

btnPos=[xPos+4*frmBorder yPos-kc btnlen
btnWid];

ulcontrol{
'Stvle', "pushbutton!',
'Units’, 'normalized’,
"Position',btnPos,
"String', labelstr, ...
'Callback', callbackStr);

“ Nut 2 hien thi ham sin{x}~"2
btnNumber=2;
yPos=0.90- {(btnNumber-1)* {btnWid+kc) ;
labelStr='Nut2';
callbagkStr='hinhcaul {''nut2'')"';

tday la nap lai ham thuctap

it

“ Cac thong tin chung ve kieu nut kich hoat.

btnPos=[xPos+4*frmBorder yPos-kc btnlen
btnWid] ;

uicontrol
"Style', 'pushbutton?,
'Units', 'normalized?,

"Position', btnPos,
'String', labelsStr,
"Callback',callbacksStr);
% Nut 3 hien thi ham sin{x"2)*exp{-X)
btnNumber=3;
YPos=0.90- (btnNumber-1}* (btnWid+kea) ;
labelStr="Nuti’';
callbackStr='hinhcaul {(''nut3''}"':
% Cac thong tin chung ve kieu nut kich hoat.
binPos=[xPos+4*frmBorder yPos-kc btnLen btnWid];

ulicontrol {
'Style', 'pushbutton’',
'Units', 'normalized",

'Position', btnPos,
'String', labelsStr, .. ..



"Callback',callbackStr) ;
%2 Nut 4 hien thi ham sin{l/x)"2 / x
btnNunber=4;
yPos=0.90- {(btnNumber-1}* (btnWid+kc) ;
labelStr="Nut4"';
callbackStr="hinhcaul {''nutd4'"}";

% Cac thong tin chung ve kieu nut kich hoat.
btnPos={xPos+4*frmBorder yPos-kc btnLen btnWid];
uicontrol |

'Style'!, 'pushbutton', ...
'Units', 'normalized ,
"Position', btnPos, ...
'String', labelstr,
"Callback',callbackStr);

% Nut 5 Tinh va hien thi wvung tich phan cua mot ham
btnNumber=5;

yPos=0.,90- {(btnNumber-1) * {btnWid+kc) ;
labelStr="Nuth';
callbackStr="hinhcaul (' 'nut5'"}*';

Cac thong tin chung ve kieu nut kich hoat.
btnPos=[xPos+4*frmBRorder yPos-k¢ btnLen btnWid];
uicontrol {

'Style', 'push’, .
"Units', '"normalized’,
'Position',btnPos,
'String’, labelStr,
"Callback',callbackS3tr)

% Nut kich hoat phan thong tin giai thich
labelStr='Info’';
callbackStr='hinhcaul{''info''}"’';

%day la nap lai ham thuctap

ulcontrol{ ...
'Style', "push’,
'Units', '"normalized’,
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"Position', [xPos+4*frmnBorder 0.22 btnlLen
btnWid],

"String', labelStr,
'Callback',callbackstr);

% Nut xoa man hinh do hca:The CLOSE button.
labelStr="'Close’;
callbackStr='close (gcf)';

uicontrol(
'Style', 'push’,
'Units', 'normalized', ...

"Position', [xPos+4* frmBorder 0.05 btnLen
btnWwid], ...
'String', labelStr,
'Callback',callbacksStr);

% vE HINH CAU
clc reset;
set {gca, 'XTick', [1, 'YTick', [1, '2Tick', [1};

. Reset the arrow and the nextplot information for
this window.
set (figNumber, ...
"Nextplot', 'new',
'Visible', 'on');

elseif strecmp(action, 'info'});
ttlStr=get (gcf, "Name'} ;
hlpStr=[" BAI TAP CHUYEN DE MATLAB
! Sinh Vien: Nguyen thi Nhung !
L} T

' File name: thuctap.m Ver 1.0 Y1:

helpfun(ttlStr,hlpStr);
$end;
2 end cua if strcmp{action,
elseif strcmp (action, 'nutZ’')

2 Ve hinh NUT 2
x=0:0.05:5;



y=sin(x."2);
plot{x,y);
title{("Ham sinx”™2");
elseif strcmp{action, 'nut3’}

4 ve hinh NUT 3
clc reset:
x = 0:0.1:4;
y o= sin(x.”2) . exp{(-%];
stem(x, v
title('ham y=sin(x"2)*e”-x"};
elseif strcmpfaction, 'nutd’}

x=logspace (-2, 0,500} ;
plot(x,((sin{l./x}).AZ}./X);
set{gca,'XScale‘,‘log‘,‘YScale',‘linear');
title('Ham y=(sin(l/x)"2)/x');

elseif strcmp (action, 'nutd')

“wve hinh NUT 5
fplot (‘humps', (0,2]]), hold on
patch([{0.5 0.5:0.02:1 1 0.51,
[0 humps (0.5:0.02:1) 0 0],'t");
hold off
title{'Tinh tich phan xac dinh.'),grid
elseif strcmpf(action, 'Nut 1')

" Ve hinh cau

clc reset;

n=2>5;

[x,y,z]zsphere{n)

surf(x,vy,2),-..

title('3-DIMENSION DO THI HINH CAU")

clc reset;

set{gca,'XTick',[],'YTick',[],'ZTick',[]);
end;
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Bai 12

Vi du vé& 2 hinh cdu 1éng nhau va cde phuong phdp t6 méu (rendering)
trong Matlab.
Bai giai

[xx vy zz] = sphere;

s = surf(xx,vyv,2z2):;

set (s, 'EdgeCcolor', 'r', 'FaceCclecr', 'none'j;

axis off;

set {gca, 'DataAspectRatico' , [1 1 113,

light;

set (s, 'LineWidth', &}

hold on;

[xx yy zz] = sphere;

sZ2=surf(xx/2, yy/2, zz/2});

set{s2, 'Chata', rand{(Z2l), '"FaceCclor', 'interp')

colormapi{cool {100))

lighting phong:

set {gca, 'CameraViewAngle', 7y

set(gcf, 'color', [1 1 1]);

Bai 13

Xay dung vd v& hinh duimg B-Spline trong khong gian 2D va 3D ti

cac diém kiém sodt duge vio tir ban phim hay cdc file dir ligu. Trén co s&
dudmg cong phat trién thanh mat B-spline.

Bai giar

s=2;s1=0;
while s>l

si=sl+1;

s=input ('Neu tiep tuc thi s<l="};

n:input(‘n—'}°

k=input ('k="');

for i=1: (n+4)

if 1< (k+1)
uii)=o;
elself 1i>n
u(i)=n-k+1;
else
uf{il=1-k;
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end
end
x=input ("Nhap vac n toa do Px='};
y=input ("Nhap vao n toa do Py="'});
z=input ("Nhap vao n toa do Pz='};

m=input ('vao khoang can ve(l,2..n)="

for 1=1:(n+3)

1f u(i)< uti+l)

if u{i)==m-1

N{i,1ly=1

else

N{i,1)=0;

end

else

N{(i,1)=0;

end

end

for i=1: (n+3)

t=N{i,1);

end

t=0;

for U=s{m-1):0.125:m

5U=0.125*1;

t=t+1;

for 3=2:4

if j==

for 1=1:{n+k-2)

1if u{l+j-1)==u(l}

if u{l+j)==u(l+1)

N(1,3)=0;

else

N{L,3)={(u{l+3)-U)*N{1+1,3-1)/(u{l+3)

end

else

if u(l+j3)y==u(l+1}

N{l,3)={U-u{l)}*N(l,J-1)/{u{l+j-1)-

else
N{l,3)=(U-u(l

Uy *N{1+1,3-1)

JIFN(L, 3-1) / tu(l+3-1) -
Sufl43)-u(l+1))

148

-u{l+1yy;



end
end
end
end

if §==3

for 1=1:(n+k-3)

if uf{l+j-1)y==u(l)

if u{l+jy==u(l+1)

N(}-rj}:OF

else

N(1,3}=(u({l+3)-U)*N(1+1,3-1)/(uil+3)-u(l+1));

end

else

if u(l+j)==u(l+1)

N(L,J)=U-u(l))*N{1l,J-1)/(u{l+3-1)-u{l));

else
N{l,3)={U-u(l
U)*N{1+1,3-1)

end

end

end

end

PIYN(L, -1/ (u(l+3=-1)-ui(l)} +{u(l+j)-
{ul(l+gy-ua(l+1));

1f j==4

Xity=0;Y{(t)=0;2{t)=0;

for 1=1: (n+k-4}

1f uil+i-1)==u(l)

if u{l+3)==u(l+1)

N{l,J}=0;

else
N{L,3)={u(l+3)~U)*N(1+1,3-1}/{u{l+jy-u{l+1)});
end

else
if u{l+j)——u(l+1)
N(L,3)=(U~u(l))*N{L,J-1)/(u(dl+j-1)-u(l));
else

N(1l,3)= u(l ))*N(l J-1}/(u{l+3-1)-u(l)) +{u{l+j)-
U)*N(l+l J-1)/(u{l+3)~u(l+1});
end
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end
end

end
end
for 1=
X )
Y{t
Z{ }
end
end ‘U

sthold ong

if sl==
subplot (2,1,1);
plot3(X,Y,Z);
line(x,v,z);
hold on
subplot(2,1,2);
hold on
plot (X,Y,'M");
line(x,vy);
hold on

end

1f sl==2
subplot(2,1,1);
plot3({X,Y,Z2};
line(x,vy,z):
hold on
subplet(2,1,2);

I

Ly*N (1, k);

1:
(
{
{ +2(l) N{l,k};

n
Xty + ( YENA(L, k)
Yi{t)+
Z(t)

plot(X,Y,'G");
line(x, y) ;
hold on

end

if sl==
subplot(2,1,1);
plot3{(X,Y,Z);
line(x,vy,z);
hold on
subplot{2,1,2);
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plot(X,Y,'R');
line({x,v);
hold on
end
end
elseif strcmp{action,’'Plane’);

n=input{'n=

m=input {'m= '}
k=input {('Vao bac k='};
h—lnput(‘vao bac h=");
gq="y'

while g=="'y'

g=input {'Neu tiep tuc thi danh vy nguoc lai la n ='};
for i=1: (n+k)

if i< ({k+1}
u{i)y=0;
elseif i>n
u{iy=n-k+1;
else
u{iy=i-k;
end

end

for i=1: {m+h}

1if i< (h+1}

wi{i)=0;

elseif i>m

Ww{il)=m-h+1;

else

wi{ily=i-h;

end

end

‘x=input {'Nhap vao n.m toa do Px=T

ty=input ('Nhap va¢ n.m toa do Py=

tz=input ('Nhap vao n.m toa do Pz=

x(1,1y=-3;x(1,2)=-3;=2{1,3)=-3;x(1,

x{2,1)=—-1;%x(2,2y=-1;%x(2,3)=-1;x1(2,
{ 4)=
( )=

!’

r

)=
) _1r

1;x(3,21=1;%x{3,3})=1;x(3
3% ,2}=3;x(4,3)=3;x(4 4

r

)2

")

"}

4

) 4
1) 1;
1) 3;
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('vao khoang can ve cua u(l, 2.

input

V=

(*vac khoang can ve cua wil,2.

g:

input

1: (n+k-1}

for 1

if u(iy< ufi+l)
N{i,1)=0;
N(i,1)y=0;

end

end
else
end

(n+k-1)

t=N{i,1);
end

=1:

for i

1: {m+h-1)

for 1

1f wi{i)< wi{i+l)

if wiil=

M{i,1ly=0Q;

end
M(i,1}=0;

M{i,1)=1;
else
else

end

end

fm+h-1)

tl1=M(1,1};

end

=1:

for 1
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X1=[1;Y1=[1;21=[];

for U=s(v-1):0.1:(v-0.1)
t=0;

for W={g-1}):0.1:(g-0.1)
t=t+1;

- for i=2:h
if i==

for 1=1:{m+h-2)

if w{l+i- l)==w(l}

if w{l+1 ==w[{1+1)

M(l,1i)=

else
M(l,i)=(w{l+i}—W)*M(l+l,i—l)/(w(l+i}—w(l+l));
end

else

if wiltiy==w{l+1)

M(l,1i)=(W- w(l)) *MA(1,i-1) /(w(l+i-1)-w(l));
else

M(l,1)=(W-w(l))*M(1,i-1)/{w(l+i-1)-w(1)) +{w(l+1l}~
Wy*M(1+1,1i-1)/(w(l+i)-w(l+1l}));

end

end

end

end

if i==

for 1=1: (m+h-3}

if w(l+i-1)==wi(l)

1f wil+i)==w{l+1)

M(1l,1i)=0;

else

M1, i)={w(l+i)-W)*M({L+1,1-1)/{w{l+i)-w(l+1l)]);
end

else

if wi(l+i)==w({l+1)
M(1l,i}=(W-wi{l}}*M(Ll,i-1}/{w{l+1i-1)-wil]);
else
M(1,1}=(W-w{l}}*M(1l,i-1)/{w{l+i-1)-w(l)) +{w{l+1)}~-
WM (1+1,1i-1)/{w{l+1)-w(l+1l})
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end
end
end
end
end
fer 3=2:k
if ==
for 1=1:{n+k-2}
1f n{l+j=-1)==u{l}
1f u{l+j)==u(l+1}
N{l,31=0;
else
N(l,j)=(u(l+j}~U)*N{l+1,j—l}/{u{l+j)—u(l+1)};
end
else
1f u(l+iy==u{l+1}
N(l,j)={U—U(lJ}*N(l,j—l)/{U(l+j—l)-u(l)):
else
N(L,3y=(U-u(l))*N(1,]- l)/(U(l+j-l}—U(l}} +{u(l+]3)-
UN*N{I+1,3-1) /(u(l+3)-u(l+1})); :
end
end
end
end
if j==3
for 1=1:(n+

if u{l+jy==
N{l,])=0
else
N(l,j)=[u(l+j}~U)*N{l+1,j—1)/(u(1+j)—u(l+1));
end
else
if ull+jy==u{l+1)
N(l,J)={(U-a(l)}*N(1,3-1)/(a(l+3-1)-u(l}));
else

N{l,3y={(U-u(l)}*N(1,7-1)/(u(l+3-1)-u(l)) +{u(l+jy)-
UN*N{1+1,3-1)/(u{l+3)y-u(l+1y);
end
end
end
end
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if j==

for 1=1: {n+k-4)

if u(l+j=-1)==ull)

if ul(l+jr==ui{l+l}

N(l,j}ZO;

else

N(L,3)=(u(l+3)~U)*N(1+1,j-1)/(u(l+3)-u{l+l));

end

else

if u(l+jy==
N{l,j)=(U-u

else
N(l,Jjr=(U-ul

U)*N{l+1 -1

end

end

end

end

end % kt for j=Z:k

u{l+l)
(1)) *N(1,j-1)/ (u(l+j-1)-ull));

YAN(L,5-1) /(ui{l+i-1i-uil)) +(u(l+l)-

J)
y/ (u(l+3)-ull+l) )

ty+x {1, 1) . *N(L, k) .*M(2, D)7
ty+z{(1,1).*N(1l,k).*M(i,h);

end
plot3(X1,Y1l,2Z21);
hold on

view{[3 3 ©])
end

end

view([3 3 3]}

end
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PHAN THU HAI

CAC THU VIEN TRO GIUP VA VAN
PE XU LY SO CHO CAC TIN HIEU

CHUONG 6

MATLAB TRONG XU'LY SO CHO CAC TIN HIEU

6.1 TIN HIEU VA XU LY TiN HIEU

Tin hicu 1h mot khdi mém rong. NG duge dinh nghia theo Websur
(1998) nhu 1 hinh thic dém duge clia mot dai lugng vét 1y hay xung (chang
han hi¢u dién thé, cuong do dong dizn hoac ti thong) véi tu cach 1A mot ban
tin hay thong tin c6 thé truyén di dugc”™.

Vi du thong tin mong mudn c¢d thé 1a nhiét d6 va tin hi¢u la dién thé ti
1¢ véi nhit 4o nay.

Tin hiéu thay déi nhu mot ham cla thai gian. Mot s& tin hidu cé dang
lien tuc, chiang han, nhigt do khong khi, séng bién tai mot diém... Mot s6 tin
hi¢u khéc lai & dang 18 rac, vi du nhu tin tic duge truyén di theo ma Morse.

Céac tin hidu c6 thé rdi rac hoa bing cach ldy mau thong tin khdng lidn
tuc, vi dy nhu nhi¢t do cha khi quyén va 4p sust duge truyn di theo nhimg
khoang thoi gian nhat dinh.

May tinh chi ¢6 thé x{ 1y tin hidu roi rac. Dé xir 1y bing mdy tinh, hau
hél cdc tin hieu ddu duge the hign theo mot chudi t8 hop céc gid tri trang
thai I/ O. '

Tin hi¢u duge sinh ra béi cam bién (sensor), vi du nhiét dién tro, t6c
do k& ... cdn goi 1a cdc bd phit tfn hieu. Khi ldy miu fin tai cac khoang
khong ddi 1a duge chudi s6 mot chidu thyc con chudi s& hai chiéu dugc sinh
ra Khi thuc hién viéc s6 hod céc hinh inh, vi du cdc chudi s trong cdc ma
tran, thé hién theo cdc dudng khic nhau. Chiing c6 thé duge loc nhiéu,
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modun hod va duge xif Iy d€ 1am 13 hinh dnh, hoac dugce nén trong mot
khoang dong. C4c thao tac xir ly duge thye hién & thai gian hoac tin s6 cha
dao. Néu chon duoce t4n s6 chi dac va thust 10dn xi 1y ding, th ting duoc
hiéu ing tic dung.

Matlab duge ing dung dé giai thuat todn nhanh v chon tin s& chi
dao.

J day 1a sir dung Toolbox xi 1y tin hig¢u (Signal Processing). Ching
gdm hon 70 ham s6 khéc nhau dé phén tich s6 cho tin hidu va xdy dung bo
loc v&i nhitng dic tinh cho trude.

Chuong 6 chi xét mot s6 vi du str dung nhimg ham co ban thong dung.
Nhimg ham cdn lai xin ban doc tham khao rong céc sdch hudng din si
dung.

6.2 HAM LOC

Mt trong nhimg ham s& hay dang d¢ xir 1y chudi 13 ham filter (ham
loc). Loc s6 ¢é & moi noi trong qud tinh xir Iy tin hidu. Trudmg hyp don
gian khi mot tin hicu x ¢ kém theo nhidy (noise), ta ¢ thé loai bd ching
bang cdch st dung loc.

Hay xem xét trudng hop tin higu hi¢n thi trong mdt thigt bi do do
nguol tu doc. Vide doc s& rit khé khan vi 6 do thay d6i theo thai gian, khi
¢6 nhitu clia cdm bi¢n. Nhung diéu nay c6 thé duge cdi thién néu ta chon
hi€n thi tai mot khodng nhat dinh, khong phai gid tri thye x ma la mot téng
cdc tri s6 trung binh ciing nhu g14 tri cudi ciing hién thi va mot ddu vio méi,
cd nghia la

YH = kI'y'u-l + kl'xn
rong 46y, , 14 gid tri hién thi cudi, va x, 12 ddu vio mdi.

Vidu: néutachonk, =0.9 vak, = 0.1

t nspa



y. =09y, +U.1.x,

M&i quan he ndy duge xdc dinh véi y, man > 1. Ta khong quan tam
dén gia tri y, duge xdc dinh nhu the nao { ta s& xem x¢t didu kign sau)
Chon y, = X, — st dung Matlab

Ban cé thé so sanh x vi y bdng lénh chdm diém plot

K&t qua nhu hinh v& 6.1

1R

Qriginal and fieren signal

Hinh 6.7 Tuyén tinh hoa tin hiéu nhiéu
Ta ¢ thé tinh theo hai gid tr] budce trude
v, =0.9.y,, + 0.05.x, + 0.03.x,,

Trong trudng hop ndy d6é 1a hai gid o ty do y,, vi y,. Khi dé y duge
sinh ra nhy sau:
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Loc s& ¢6 thé dugc hidu don gian bat ddu tir loc tuong tr chang han
loc RC - (mach loc thong thap).

Vi du. Cho mach xoay chi¢u nhu so d6 véi thong s8 nhu sau:
V, 10mYV, 50 MHz, pha O
R, 15Q
C,  100pF

Dién trd tuong duong cia tu dién duge tinh nhu sau

zoe L

OO oC

a) b)

Hiy vao cdc thong s6 cliia mach
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Ta tinh duge 106ng e ela mach
»Z= R+ Zc
Z=
16.0000 -31.8310i
Vi dong dién
»l=V/AZ
/=
1.2606¢-04+ 2.5097¢-04i
bicn ap rai wén dicén i
» V=Rl
Vi=
0.0078 + 0.0039i
Vivqua tu dicn ta cd due d6 (hi bién pha . SO dung MATLAR subplot
» subplot (1, 2, 1)

Cdc thong 6 1,2, 1 ¢d y nghia 1§ vd 2 ma udn cta hinh v& sinh ra
va cham diem theo mot didm ddu. Trong Matlab 3.5 cic thong sd niy s&
duoe vict 1 (121

Ching gom i gid i V. Ve Ve nhue pha cudi ciing. B¢ dinh nghia
pha. e can dua ra dicm gde caa ching

» VV=[0 V], VWe = [0 V] Vvr= [0 Vi)

Tiep dén ta cham didm dién the pha

» plot (real(VV} , imag(vVV)

D¢ quan st duge thang pée pha chinh xdc, bidu didn truc that cén
trang xung uh doi véi trge do. CE nghita lkbung chdim diém 13 hinh vuong

» axis('square’)

Khung ctia cde true s¢ duge sinh ra nhar sau

» axis ([0 0.012 -0.006 0.006})

Phiin mdt rdng cha ca hai trge 10 0012, Cae gid tri ndy ¢é thé duoe
nbén bii (hiy nghicm va sai 86, nhu duge hicn (hi & d6 thi. BE danh £1d true

duge 161 nhit (a ding ciu [¢nh axis. Hoae ta ¢ (hE st dung mot hivm khac 1a
abs d& Gm gid tri bicn pha [dn nhdt vi didu chinh lai truc.
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Ran ¢6 1he dimg hiun hold (& 2t cho do thi chong 18n hai hinh
khice, Vr v v

» hold on

» plot(real(VVr), imag(Vvr))

» plot{real(VVc), imag(VVc))

Toian bo do thi s& dueoe vict nhar sau:
» title('(a)’)

» xlabel('Real"), ylabel(lmaginary')

Houe ¢d the xde dinh cie hinh bang cdch tr ddnh dio cde diém e 15
dung ham gtext

» text(real(V), imag(Vv), V')
» text(real(Vr), imag(Vr), 'Vr)
» text(real(Vc), imag(Vc). V')
Sau da cham didm todn bo
» hold off
Tong cia dicn ap duge tinh nhue sau (xem hioh v3):
» Vr+ Ve
ans=
0.0100 - 0.0000i
» 180" (angle(Vr) - -angle(Vc) /i
ans =
90

BE 06 duge do thi v tinh odn dicn dip ta lam theo nhing bude sau

» f= 50" 10%6; % tan s6, Hz
» T =1/ % chu ky, s
» omega= 2*pif: %tan sb géc, radss
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)

x 1070 (a)
4 N
= 2
pi
=t N
£
—_— ‘2 |
-4 | e
-5
a] 0.005 a1
Real
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Iinh 6.2 Dién dp trén mach noi tiép RC

Pé ¢6 duoc didm nhu phdn tir thd hai cia ma tran dd thi, hiy dung




Nhu di biét mach RC 12 mdt mach loc thong thdp. Gia sit cho diu
vio 1a dién 4p 10mV, ta hiy xem déu ra cda tu dién. Ky hiéu dién dp vao Ia
V., vadigndpraVv,,.

Z=R+Rc=R+——
jo
_ Vill —_ i
Z R-jeoC "
V... =Zcl ! :

out

= . Vin
joC R-joC
Ham ddp émg tén (dung ham bi¢n d6i) cha bo loc xdc dinh bai ti s6

lel _ 1
V, 1+ jwRC

mn

H(e) =

Gid tri @, = /RC goi 1a tdn s cdt & dang khong thi nguyén

l+jo/o,
hoac
w/w, = 2nff2nf, =f/f,

Ta nhan duge dang khong thi nguyén ¢f 1 ham bién doi

|
T

H(f)

vi vE bién va pha cla ham bidn déi theo hai d6 thi phu thude ti s tan va day
gid tri bién déi
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V& da thi theo fogarithm

Biy £idr1a xem x&C hdi todn theo quan dicm xa 1y tin hi¢u
Ldi . v
—— 41

R dt R
V& T =L/R - hang & (hoi gian clamach -y =1 vie x =1/R

bang thite tra thanh

td—y +y =X (6-1)
dt

Gia thi¢t ring y duge iy miau trong Khedng T, nho so véi thai gian T
Do d6 ¢d (hé xip x

d-\_’. L~ Yn T Nay

dt T,

trong day, - Ly duce wr 1an do thet o ocda gid trl yo vicy ) cua 1 bude trude.
Bring thie (6-1) duce vidt Lt nha sau

\' n - .\I n-
-[.‘.__’._‘..__...__1_ i '\.-” X” ((}_2}
N
. b 14
Talatcd y, = - ol Vo (6-3)
@ a,

Bicu thite ndy ta oo duege 1 ho loe daw Gen

ViEt cho trudmg hap Ong quiit

4y, *‘ﬂ:_\"“_I‘F... -‘_un.‘I ¥ AP a hI\”"‘b:Xn_]"f'. -+ hnhxn-—nh ((-)_4}
hoae
b b b a a
_ I .. o M s w, ‘s
Yo = A TN T TN T TNy T T _.\"|1—|1;._,_| (6-3)
a d €y a€, a4,

St dung Matlab v ho oo N Ling, N o= maxtn, o -

Ta e it chudi

TR



A= {3—1 : N a‘na]
B= [bla bzs ey bnbl

Trén hinh 6.5, a, va b, la cdc hé s6 duge 1am binh thudng hod bang
céch chia cho a, hé s6 clia y, . Qua d6 thé hién k¥ hiéu thao t4c dich thoi
gian (unitary time shift operator). Cho x - rdi rac cua tin hiéu f(t) bi 14y mau
theo chu k¥ Ty, do d6 x(n) = f(n.Ty) vd z,(k). X4c dinh thanh phin thi k
z,(k) = x(k+1). Tuong t nhu viy thanh phén thi n clia z' 12 x(k-1) z - ky
hizu thich hop cho viéc thao tic s6 nhanh (xin doc thém vé bién d6i z trong
cée gido trinh v€ xu ly tin higu).

D

>
X b,

JEay:

i
e D e

Z

*
b, % ;
_y

Hinh 6.5, Chuyén déi truc ti€p & dang IT

. Viée tdi hién cdc budc trén hinh 6-5 goi 1a dang chuyén déi (I va
12 md hinh t6i thiu ¢ho viéc cit gilt (tdc 12 1iét kiém bd nhd nhat). Trén
thuc t&, tai m&i budc ndy ching ta cln cit mdi gid tri cla trang thai
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Ly Zypennn L, AUGC thé hieén trén d6 hoa bang khung dip & dudng trung tam
(xem hinh 6-5)

B loc duge thuc hign nhu sau:
(1) Thue hién
(a) Vector trang thdi déu, thudmg dugce danh du bang 7, va dugc dit
vao bo tr& Z, khong xudt hién, tdt ca cdc gid i Z; s€dar=0
(b) Gi4 tri clia A v B duge chudn hod bang cich chia cho al
(2) Vong lap chinh. Tai cdc budc nay, chitc nang loc thé hién theo
nhitng thao tdc sau:  (a) Sinh ra y, tir quan hey, =bx, +7Z,
(b) Dat vio Z, véi j tir 1 dén N-1 trong
7‘J = hjxn + Zj+i B a’jYU

con déi véi j = N ta tinh nhu sau:

Z!\' = bxxu - an-Y,
Vong lap duge 1i&p tuc cho dén khi chudi x hdi tu
(3) Budc cudi cing. Gid tri Z, duge sao chép dén vector ra 7

Béng thic (6-5) ¢é thé duye thye hidn bai MATLAB bang chitc nang
loc. O day ¢6 4 céch goi ham lgc:

y = filter (B, A, x}

y = filter (B, A, X, Z)
ly,Z} = filter (B, A, x)
ly,Z = filter (B, A X, 7))

Trong d6 7, va Z, 1a mot chudi cdc thong s& t61 uu, 1ién he vai trang
th4i dau va trang thai cudi, di duge mo 1& @ trén. Ham loc c6 thé tra v& gid
tri cudi cing clia 7 nhu ddy Z, ndu n6 poi 2 bin s6 bén v& tra:
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Cav tan s¢ duoe tinh todn nhu sau

Budc Vi Ra 7, Zn
1 I {15 (.125 0.1250
2 2 1.125 1.4063 0.2813
3 [ (19063 0.5074 .2266
4 2 1.50% (.6035 0.3770
5 1 104 {1.652K .2759
6 2 1.653 (.6X9 0.4132
7 ] 1.189 0.7108 .2973
X 2 171 {.7249 .4276
9 1 1.225 07338 00,3062
0 2 1.734 (L7397 .4335
- Trong bing to bai Matlah M-file. s6 duge [ame rdn 4 56 sau dau
phiy.
» ¥(:)
ans =
0.5000
1.1250
0.8063
1.5078
1.1035
1.6258
1.1891
1.7338

Ta ¢ 1the tinh Lai sd ndy theo mo Ged hinh 6.5, Cudi cing, sau khi xde

dinh chudi s x, A vi B licn hé trong him log:

» Y, Zf] = filter (B, A, x. Zi) ;

Ta nhin duge chudi v duoe tinh odn bot t¢p M. vae gid tei Idn nhat cha
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7. vilZ. tien hang,
»Zp=
2=
0,7397
0,4335

6.3 GOI HAM LOC V(I PIEU KIEN PAU
NEu bict cac didu ki¢n dau d¢ cit vio khau 1rd, ban <6 1hé goi cic b
l.“.‘.

Ching thudng duge ding néu ta cd mdn tin hicu x dai khong thé cat

g vio bd nhd cia may tinh, Ban o6 (he chit x ra thimh didm goi 12 x,, x..

o X, nhirrong MATLAR, v hd loe <& phan bidt duoe chang mot cdch

chinh xdc, Gid i cudi cliing, 7, et cie khaw eé i moi bude duce st dung

nhu L cie gid o daue 72, cho e GEp theo, BE hidu 1. a dung mot chudi
vt 100 56 npau nhicn.

»X = [x1,x2 ... xn]
» X = rand(160.1) :
Bem chit chang thinh nhiéu chuoi con
» X1 = x(1:25).;
» X2 = x(26 : 50) :
»x3 = x{(b1:75):
» x4 = x(76  100)

Va bay ewr ta xay dung bd loc hién he v cic thanh phan cua cic
chaoi con. Khi xay dung bo loc, trsit dung e gid tei ena trang thai cudi
cung. 71 sinh ra bai lan goi dan Gén. nhu viey mat trang thai dau Zi, s¢ ¢ho
lan goi thi 2, o nhu vy han ¢ thE st dung i the chudi sa x

»y = filter(h, a, x) ;

v thay doi k& qua dude sinh ra bai “partial™

» max(max(abs{y-fy1 . v2 . y3 . y4])))
ans= 0

Trong nhicu trudmyg hop, 10 ring vector 7, 13 phan chon vt han ¢6 the
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[am ra. Khi dé, ham loc sir dung vector khong chufin véi chidu daj Nlao
(vector 0). Néu Z xust hi¢n, né cin phéi dai N, bang véi bo loc da duge dinh
trude, va bang 1+ N nhu & phan trén Matlab,

D& x4c dinh bd loc clia N, ta cin cung cdp N trang thii nhu 13 gi tri
cua vector Zi. Ta s& ¢ N trang thai ban ddu cta ddu vio, viét cho vecto y
(c6 chiéu dai bang N va ¢6 gia tri ban ddu clia y déng thdi véi y). Néu viét
N dang thitc ddu ciia thuat todn loc, ban nhan duge mai quan hé sau:

Yi=%4,+bh + hx, {6-6)
Y2=Zo+ [bx,+ hox,] - [a, - Wil {6-7)
Y3=Zm+|h1x3+bzx2+b3x1] -lay -y, +ayy;) (6-8)
k k-1
YW= Zikzbixkﬂ—i “ZaiHYkﬂ' (6-9)
i=1 i=1
N Nl
Yx=Z.NZb.'xN+1—i _ZamYN—:‘ (6.10)
i=l i=1

- DEN gid tri diu cita bg loc phi hop Vi y, , ta 6 thé trir y, véi y trong
N déng thiic, v tim ra Z,. Ham loc duge vigt dé giai quyét vin dé nay. Hay
lam nhimg bude chudn bj sau dé g0l t&p filteric.m.

Vidy : Cho X hién thi 1000 didm diu caa tin hidu duge 14y miu tai
tan s6 chi dao 100 Hz. Cho qua \in hi¢u tir 30 Hz. (loc thap) ciia diém 5, v
nhéan dugc tin hiéu y nhu y() =x(@) vai=1dén s

Chat y: Trong vi du nav ding tin hiéu gid.
Dau tién ta xay dung tin hi¢u vdi
2 X 1and(1000, 1) ;

Ti€p theo xdc dinh thong s§ ciia b6 1o¢ nhur vi du & phan téng quan cua
toolbox xut 1y 86 cho tin hicu.

¥i=x(1:8);
Céc trang thdi ddu duge xbe dinh nhu sau
©»[b aj= butter (5, 30/50) L

»
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Ta c6 thé hién thi 5 nhém ddu cla chudi vao, ra va thay déi cho chiing
bang nhau

6.4 THIET KE CAC BO LOC SO

6.4.1, Cac dinh nghia

M4t trong nhitng vin dé thudng gap trong xit 1y s6 tin hi¢u la céu tric
chia bo loc v6i cac dac tinh bién tai cdc tin s6 khéc nhau. Mgt trong s6 cong
cu trong toolbox xUt 1y tin hi¢u 12 2 ham ynlewalk vi remez.

Ta goi chiing véi bd loc 56 H clia N diém, dat tan s6 1dy méu s6 hidu x,
sinh ra tan s6 mdi y, quan hé vdi x theo dang thic.
Ay, + Y, t o A Yox T
blx“ + bzxn_l + asa bN-!-l XH_N (6'11)

Céch2 s6 B=[b,, b,, ..., by,.] vd A = [a, a,,..., 4y, | d&u xac dinh va
# 0. Nhung ta ¢6 thé gia thigt ching chufn theo a,. Hon nifa, tai cdc hg s6
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cuti cling ay ,, hodce by, ¢ the khae 0. Trong cde trudmg hop khae b loc
can xde dinh vector thu gon A vd B, vii ching cin nhd hon N Ham trong
toolbox Matlab sinh ra cde hé socan bO loe (yrulewalk, chebl va cic haim

khac ...y d6 1a cde he sd gui chuin, thinh phin caa ham loc (filrer).

Khi st dung thao tdc dich thai gian, bd loc H duge bidu dién bang

ham phan thie sau:

B(x)  by+b,Z7'sbZ7™"

H(z) =
-1 —{N-1
H(z) a,+a,Z7 +  +a Z” '
Vaia, = 1 v he s0 Lo ohil ag vic b = 0

(6-12)

Trong 141 it cde version cua MATLAB khi ta ding help yulewalk

kKhong ding, chang s& hidn ra doan van han nhu sau

YULEWALK  RECUSIVE FILTER DESIGN USING A LEAST-

SQUARIES METTIOD,

[B.A] = yulewalk(N,F.M) linds the N-th order recursive filler

coclTicients B and A such that the hiler:
-1 -{n-13

Al a2 + ... + atn)z

Trong do chi =0 cua A by sai dich n = N + 1, vi du, bo loc duge xdc

dinh hdi cic vectorn:
A=, as, ag,ay, ag
B=[b,.b., bl b

Vi a, = 1 va hid s6 cudi bS hooe as = 0

Dang nhu dd ndi 0o bi gidi han vi 161 trong cdich siedung tieomg ang

cua hiim sa vai ho loc.

N&u cic nhdm a., ay,..., ay déu bang 0 (hi b loc s¢ goi FIR (bd loc
ddp g xung hitu han). yedewalk duoc ding d¢ 1ong hap bd loc TIR, khi

him remez duge su dung cho FIR.
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6.4.2 Xac dinh dac tinh tan cia bo loc

Matlab  cho phép ta dinh nghia sé clia tén s6 v, 1, o, f1 L 1

va bicn widmg ng mag,, mag., ..., mag,...., mag, cing nhu mo th bd loc s¢
gan danyg {xap x1) vdi didp ng cia bo foe (womg .

Tan 6 didp dig cua bo loe sa phu thude vao tén suat 1dy mau. Mot nwa
1an 50 dap tng cta qué tinh 18y mau duge goi 13 Nyguist. MOt s ham cla
Matlab  ditge nhanh chdéng day vio ving 1an s& khong tha nguyén, o6
nghta Ta bang vice dinh nghiu tan s6 khong thi nguyén 30/(1000/2) = 0.1 vi
150 Hz s& trong Gng vai 150701000423 = 0.3,

B xde dinh dac tnh cia ba loe, ¢in ¢b 2 chudi : mor 13 tan so khong
thet nguyen, I={1, [ . f | vt mOt g (g véi bicn m = [m,, m,, ..., m,|

Matlab doi hdif, =0val, = 1.

Nhu trong vi duy, gia thict rang 1in hicu x duve 1ay mdu 5 SOOHZ ta &
xay dung bd loc van 1an <6 bicn nhu sau:

Tu bén Bién
] 10X 1.0
1110 150 giam d&n 1 1 d&n 0.5
150 200 fudn fa hang (1.3
200 224 tany déu tir 0.5 dén
200 2510
L 1 ; T - _"('—l
(] R b b e |
o : !
nul ; P : ! ]
! Y | c
11 R O S b R
TR . e : J
E : \ : o
EN/Sf--mnnns P *F -------
= H NS S ‘.,_.-:, ......... :.7|| ........
! [ o
(N7 R Epp——— e s T R If- --------
7Y SR S f\" heeemenes -
! ! ‘\". i
AR SR S TRSDECELEE b
(W L .I': II
0 0 N 1D 200 a5
Evoianre H

[linh 6.6 Pdc tinh tdn cua b loc
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Bac tinh bo loc duoe md ta vio MATLAB bdi

Dé kiém tra ta ¢é thé v& dé thi nhu hinh v& 6.7

MATLAB xay dung bd loc s6 IIR va FIR véi nhiing dic tinh nh4t
dinh. Trong phan téng quan vé x 1y tin hiéu ta di xem xé1 nhiing vin dé wu
nhuge diém, trong d6 da d& cap dén ham yulewalk cho IIR va remez cho

téng hop FIR. D& sir dung ham yulewalk, cin qui cic tin s6 thanh khong
thit nguyén

Trong d6 fs la 1an s3 18y mau duge xdp x1 ding nhal, bang phuong
phép trung binh binh phuong nhd nhit. Hay thir bd loc 6 diém:

Ta c6 thé kiém tra lai viéc xip xi bang cich so sanh ddp ung cta bo
loc duge xac dinh bai [bIIR, allR] v ddp tng di cd duge. Trong d6 dép
ung cua b loc H(z) tal tAn s6 o rad/s dugc cho bai gid tri H(z) cho Z =
, vii fs 1 tn s6 1ay méu, va gia thiét cdn 5 diém dat trude trén truc x,
trong 50 diém tir O dén tdn s6 Nygquist, tinh theo rad/s. VGi Matlab ta c¢6
dugc ching theo tin s§ Hz. :

Lw
cl ffs

va chuyén chiing thanh rad/s bing

Muén tinh dap lrng hlén cha bd loc, dung 1énh sau

Nhiing két qua ndy dugc md ta trong hinh 6.4. Néu nhu su x4p xi
khong tét nhur gia dinh thi cin tang s6 diém cho trude ciia bo loc.
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Hinh 6.7 Bé loc HIR dink nghia va bé loc thuc

Bay gid ta hily xem xét van dé sir dyng FIR. BY loc FIR ¢6 thé ¢6 56
didm cho trude 1on hon dé dat duge vige so sanh, chang han ding b9 loc véi
56 diém 1a 20:

wZ .::”
Him remez cho ta chudi b, tit cd bo loc FIR a = {1}

Ban c¢6 thé

kiém tra lai k&t qué bang hinh v&.

K&t qua dé thi nhu hinh 6-7. _

Trong toolbox xir 1y 6 cho céc tin higu c6 bé xung thém mot s6 ham
dé t8ng hop bo loc 1IR: chebyl, cheby2, ellipt, ham s6 yulewalk doi hodi hai
chudi s6: 1 - tan 58, 2- 12 dap dng bign. ( day cdn dua them yéu t6 xdc dinh
kiéu loc: thong cao, thong thip, thong gilia va cdc trang thdi cha bign dbi
nhd (ripple). Trong trudmg hop 16ng hgp FIR cling tuong ty [IR dung remez
hodac firl va fir2.

P& tinh todn dép tng tan s8 ctia bo loc 8, MATLAB dung him tin s8
fregz, nhanh hon 12 ding thang tinh todn cha H (squtt (-1} * om ! f2).

D& hidu thém quan h¢ ctia phuong phap ndy, xin doc thém séch hudng
dén s dung.
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] T ED ] 150 A 24U
Frequency Hz

Iinh 6.8 Xdc dinh va thure hisn cia ham loe FIR
Vi du: Tach hai séng hinh sin 1l 16ng cla ching.

Ro loe nay dung tan 6 d¢ phin bidt hoic 1ach thanh phin cosin tir tin
hi¢u tong hop. Nhu trong vi du, ta xiy dung tin hi¢u don i hai séng hinh
s, mot vai tan s TOOHz, mat 15 400H,, trong khoang thdi gian 0,1 giay.
Tan 56 [dy mau la 2000 Hy.

»fs=2000,
»I~— a: {‘f/fs) OT
s;rn:f2 +pit 100 xt);
sin(2.* pi* 400 * t);

» X=X, 4Ky )

t I

o X,

}

» Ky =

Tin hi¢u x xual hico u¢n dutng 1 & hinh 6.9, Sau day 1a su dung
yulewalk d& md i bo loc (hong thap vii thong cao. Tan s& co ban duge xdc
dinh b

» TH20 = f0- 225 275 1000},
Ricn dac bidt caa b toe thong thd]) I

» mTO [71 00},

Vi b loe thong cao L
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»mh0=[00 11];
Tan s6 mo ta khong thi nguyén la
“n E= H20MT2) '

Cac lh(mg, 80 c(m bo loc lhfmg lhi{p duadc tinh bai

B Kidm tra lai chiit legng cia b loc ta {inh vd cham diém ¢ cac tan
(v cha chung vai 1énh sau:

r The lowpass filter
1 5[ , 1 | : —
i ———:-L\ ------ (U e e
Y \ '. :
UoF--mmmmmes - E"\‘\'“'T' Tty T
q '. \ R '. : 1
1] 200 400 GO0 B00 1000

15 T

I
|:|5 __________ :_/.[ _____ -l: --------- :- --------- I| ----------

1] 200 400 600 800 1000
reguency Hz

-

1linh 6.9 Bdc tink tdn ciia b loc

lmspace 10, fs/2 50)

m1- 2" P"”HQ? |

. »Z eXP (Sqn( 1) Om?ﬁ"‘)

wmi = ab&(DO!WaJ(bT z) /palyvaf(m z))

, mh abs(pofyva#'(bh Z). /pofyvaf (ah Z))
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C6 thé so sénh dac tinh ciia bd loc thong cao véi diac diém sau
mik;

Bac tinh tan cha hai by loc thé hién trén hinh 6.8. Sai lech véi két qua
khOng xa. Ta loc duge tin hiéu

Va chdm diém y2 , c6 thé nhin thdy thanh phin 100Hz.

The original signal

04 0.05
The cutput of the lowpass flier
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i
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o
o
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o
oF
[N ]

o

at
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o

-5

i

0.05

Hinh 6.10 Tin hiéu goc cia x va ddu ra cia hai bé loc yl v y2
trong thoi gian 0,05 gidy.

6.4.3 Bién doi nira tuyén tinh Tustin

Thong thudmg ta ¢é ham bign d6i H(s) clia bd loc tuyén tinh xdc dinh
tan 56 chi dao, v mudn xap xi né véi bo loc s6 Hy(z). BE chuyén bo loc
tuong tu thanh bo loc s6 "twong dwong”, thi cdn doc thém tai ligu v& bo loc
Franlin Powell va Workman.

Mot trong nhiing kha nang dé dat dugce s = s(z) trong cdc bign s6 2, 1a
thuc hi¢n xdp xi gén nhat .

Hy(z) = H(s(2)) ; (6.13)
Bién déi
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s(z) = — (6.14)

C6 gdc 12 bign d8i Tustin” va MATLAB ding ham bilinear

Trong biéu thitc (6-14), Ts la doan 14y miu, z 13 thao tdc dich thin
gian

Bi¢n d6i ndy gdn véi ludt bién dbi tranpezoidal integration va ching
¢6 tac dung & trong khoang 1dy xap xi trapezoidal. Trong mot s6 trudmg hop
néu ham da bing phang trong mot khong gian 1dy mau 4t ngén, bién doi

T

Tustin s& cho ta phép bién d6i dai s6 chuyén b loc tudng ty vé bo loc s6.
Mudn hiéu ré vé phin nay ban nén doc thém ly thuyét xit [y tin hiéu.
Nhu trong vi du, ta ¢ thé mo ta bd loc s0 véi dac tinh tuong (2
ting), Joc thong thip v ham bién doi.

2

w
H(s) = n (6-15)
®) S+ 2Em, 5+ 0]

Trong d6 ®, = 30rad/s , &= 0,6 va ky hiu 1§y mau tai 100Hz. D& gidi
quyét vin dé nay trén MATLAB cén dinh nghia tin s6 14y mau

Cic thong s6 cua bo loc 58 1a

Con

1a s& 14n dat tén, d& ¢ cong sudt cla s 1a

Ban c6 thé nhan duge bd loc s tuong duong

D€ so sanh bd loc 8, dinh trude [ab], ta vé 2 dudng d8 thi quan he
theo tan s& (don vi rad/s)

Tiép theo ta tinh tAn s6 ddp ing nay ctia bd loc s6 bdi
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linh 6.1Y Xdp xi giiva ho loc tiwong tuw va bo loc HR

6.5 BIEN DOI FOURIER ROI RAC (DFT)

Tin hicu [(1) cGa mot bidn licn tue 1 c¢d chu ky lap lat T ncéu
(1 + T) = (). Nfu gid i chu k¥ nho nhat duong, thi chu ky d6 goi la chu
ky co ban cua f.

Tudng W tin hicu so d = 1., d(-1), d(0), d(l), d(2), ...] got fa 6 chu
k¥ P, néu v moi s6 nguycn duong k- dik)= dk+F).
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N&u ta [dy miu bam s6 chu ky 1 cta chu ky thue T tai cdc thii diém
ldy miu Ty vit Ty Lo ude s6 coa T, ta coi T, = T/N, lin ldy mau d (duge
1y miu theo vesion dy cta £ 1a mot tin hicu s¢b lap vdi ch ky N. Goi 1a
d(k) = (k. Ty

d(k+N) = [((k+N) . Ty
= [((k+N) . T/N)
=lk.T/IN+T)
=tk . T/N)

ik . Ty

dik)

1l

Syt 1ap lai cha tin hidu theo chu ky N phin hat ddu bdi s N, vi du doi
V6 mai lan ko G 1 dén N = trong MATLAB ding vector x vdi chiéu dai N.
Vector x goi 1 bidu didn chi dao ca tin hicu d v duoe xde dinh mot cach
don gian bai chudi cua thanh phin nhi sau x(h} = dh) vin h =1 dén N.

Tir thai gian bidu didn cha dao x cta d, sa dung chu ky lip cua tin hicu
d& ding xay dung duge quan he @ dth) = x(k), doi vdi k v cae dicu kién sau

1. 1+k=sN
2. (h - k) chia hét cho N

M diu vaw x(k) cia tin hicu x ¢o thd 1 mot s6 thue hoge phide. Ta ¢d
(h¢ thily thad didm ghi mdu [ die tinh phin hidt tin hi¢u thye val nhitng tin
hicu khdc [dy i vice tinh toidn hode ur quan didm 1y thuyét. Néi chung thi
[(ky 12 sO phide. Vi gia dinh rang tin hic¢u thie rén thue 1& phin bidn déu
hang (. Bidn doi Fourier rii rac, DFT, ciia mot chudi so x dd dai N 1a mon
chudi khie X, cling 6 do dii N. Bitn ddi Fourier goi 1a bién doi nguwge 1FT
(nverse Fourier Translorm). Ta s& con quay lai hai khdi ni¢m nay & phan
NilUL

JFT va DFT dang trong MATLABR vilt o6 gid i vi ching su dung thuat
todn EFT (bicn doi Fourier nhanh). FET 1d mot thudt todn rit phé bign
(Coolly vit Tukey 1965). Thuit todn nay cAn x&p xi Nlog(N) cdce phép todn
ad tinh DFT, so vai N7 phép taidn cho phép binh thutmg.

Bicn dai Fourier o hai tie dung chinh. Th nhit, nhi¢u thao tée wrén
tin hicu nhanh haon khi ditng un thin sé& chinh. C6 khodang 15 him 86 rén
Toobox XU Iy tin hicu doc 1ap tdc dung Ko cie img dung cde him trye GEp
ren 1o gian cha dao, theo cach chuyén vector (goc) thinh tan s6 chinh,
ing dung bam xap xi v chuydn k& qua nguoe 16 i tha gian cha dao.
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Téc dung thi hai 1a dé nhan ‘dz_mg céc thanh phin tdn s6 cua tin hidu,
nhu ta s& thiy & muyc sau.

6.6 GIOI THIEU TOM TAT BIEN POI FOURIER ROI RAC
(DFT)

Trong C* (hay con duge ky higu R" khong gian N chiéu), vi du ching
ta ¢6 céc didm co ban, k¥ hidu béi iy, i, ....1y v2 duge xdc dinh bai:

i, =(1,0,0,...,0)
i, =(0,1,0,..,0)
i,=(0,0,1,...,0)

i, =(0,0,0,...1)

CY. hon nita cé chdm diém (dot product), k¥ hi¢u bai (1) va xéc dinh
nhir sau:

Né&u
X = [X}y Xg9eems XN

Y = Y1 Yarees Il
Céc diém sinhra la:
N -
<xy> = D Xy Y,
h=l
Trong d()';h 14 gi4 tri trung binh, lién hop phitc y, 12 phan bu s6 o
khi x4c dinh thong thudmg clia diém trong R™.
Goi anh chia vector x Ién vector y khdc khong la vector
y
<yly >

X, = <xfy> =
Vector nay con goi 12 thanh phén cla x 18n huéng cua y.

Phin co ban ciia RY (hoac C¥) goi 1a truc giao cling véi diém <1>,
néu dot product ctia mbi phén ti cla phin co ban bang 0. Vi du, vector
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1, I .., iy duge xdc dinh 13 tryc giao co ban (orthogonal basic) cta R¥

{or C™.

Cé mot nguycn tac : Bol véi cdce true giao ca ban cha RY (hoac CY,
vector bang tdng cla c4c thanh phin twén hudng cta vector cia phéin cd ban.

Trong cic tr LrUng hgp khic, dic tinh nay khong thay d&i d6i véi phin
co ban ty nhién ma cdn cho bat k¥ mdt tryc giao co ban nao

Ta da bi€t ho clia N vector dii N e, = [e,(h)] duge xdc dinh nhu sau

_ fm—-1)h-1)
en{h) = exp(2n l—N——

) 1<m<N.
Hinh déng tryc giao co ban d6i vdi C° véi dnh xa dén diém duoe xéc
dinh trude. Hon the nita d6i vdi cac h, <Lh| > =N.bé (,hlrng minh diéu

nay ban cé thé tim thay trong cde sich v& xir 1§ tin hiéu. Ban ¢6 thé thay déi
k&t qué sir dung Matlab, vdi N = 16,

Trong ma tran E, ta ¢6 thé xdy dung hing thit m biéu didn vector ¢
Hay danh dong [&énh sau:

(m, n) = exp(2 * pi * sqr

Cho ta biét cau tric ctia ma tran D nhu céc (dot product) diém sinh ra
ca ey, v ¢, trén vi tri (h, k) Thay ddi D duge cho béi Matlab nhu sau

Va bang N * cye(N N}.

Bign ddi Fourier rdi rac X, cla vector x chidu dai N, duge xac dinh
nhu x(h) = <xle,>. Bd X(h) duye bidu didn cho hé s6 nhan, bién cha x theo
hudng cla .. Thao tdc cha phin x tir X, goi 13 bi&n déi Fourier nguoe, né
duge dung trong MATLAB bdi ham ift. Nhu tdn sufit cha kha ning tach ly
(decomposition property), iff duoc biéu dién thao tac

X(h)

(6-16)



Vi du: Thay déi cong thie (6-16) cho vector ngiu nhicn cha 128 diém.

»N=128;

» X =read (1, N},

» X = ift(x);

»t={0:{N- 1N

»forh=1:N

yy(h, ;) = X(h)/N exp(2*pi)2* pisqrt(-1)*(h-1)t) ;
end

»y = sumiyy}

Ta ticp 1ue so sanh K vy, 7 do thy khic

»plot (1:N. x, T: N, y)

Huoide ol <0

» max {abs(x-y))

Vi du: Tiac dung cua md (code)

Vi kich o 1em ¢ta mot chudi, vide gidi quy& van dé trong Matlab cdce
vimg 1in hidu vi xie 1y anh cdn o6 k¥ nang it cao. G hai thao tée: mot 1a
vimg bo nhd dong vahai 1a vong lap (for). Vimg bo nhd dong d¢ ¢hd cho
vide cit ma trin, hode kbt ching ta tang kich ¢d cla mot ma trdn thodl ra.
Dicu dd doi hoi thi gian i@ 1o, Lap For ciin phai trg gidip viée xép lai thao
tde chudi nbu 4+, - 1, . véi kha nang ohash hon & bicn.

Hai thao e ndy ddu céién feb Iom. Vi du khi tang ma tran E, ta tang
duce hicu qua cua ma chia ving. Lo gidgi nhanh how nhin duge nhey vung
pidi na tran viv joal bd mar vong vai veetor hod. Vidt mdt M-lile va chay
ching

N=16.

P1: zeros(N. N} ;

10 (N-1}IN

form=1:N

P1{m, :} = exp(2*pi*sqii(-1)"(m-1)"1)
wad
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va didnh vio

»pit - E

RBan s¢ nhan dugc ma tran O kich thude 16 x 16.

Tigp tue dung vong {ap for dé tinh chuyén FFT cho mot ma tran
» P2 =fft + (eye(N.N}};

Ban ¢6 the kicm tra K& qud v

»P2-E

Trong thoi gian ndy, néu ¢ gid trj 0, ta 53 ¢6 sai 1&ch ridt nhd cho biang
s6. Cling ¢6 the so sdnh thdi gian tinh vdi gid i N 1én hom,

6.7 PHO NANG LUONG

Cho x L tin hi¢u {ap L theo thin gian vai chu ky T, duge ldy miu tai
khoang Ty = T/N, va X 1a bi¢n doi Fourier réi rae.

) s e .h-1 .
Vector ed ban ¢, duge xie dinh & phan wén - exp(2ni -_—r-—t }ocua tan

sG (h-1/T Hzo Vector ((X(h)/Nje . 1 chidu ¢da x theo hudng cua ¢, D6
vl h > 1, vector ndy thuomg duge xem nhu thimh phin clia x cha (dn s
{(h - I)/THz. £du vie cia vector x, nhu x(h) con goi 1a thanh phin thit b ctia
x. Tong trung binh ctia x 12 X(1H/N v ¢ khi duge goi (3 thanh phén khong
doi (DCY cia i hidu x. (x(2)/Nje, vir (x(NI/N)ey. licn quan dén chu ky T.
dude goi 1 cde thanh phan coban cia 1in hicu ndy.

Hinh 6,12 chi ra quan hé gitta cie thanh phan nay cia x = ff (s) v tin
O el cde thanh phan theo x.
Dol vai cde h= 102, 0N -1 nhdm x(1 + h) vic x01+N-h) duge goi T

Lidn hop (xem thém bl tap 1.1).

Chudi et cide phin W Ix(I/N goi L phd nang luange cia x, nhu 3 36
v binh phuong cia tin hi¢u hay phép nhin cla né, duge (hé hién 13 nang
[iremyg (Cong sudl).
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MATLAB

N&u x 13 rdi rac chia tin hiéu 6 chu ky T-tdn s§ 18y méu 1a fs = N/T Hz
vi X la bi€n déi Fourier.

1. X(1) Lién quan d&n DC cua tin hi¢u

2. D61 vai b < N2+1(X(b))  Lién quan vdi tdn s0 b-1/T =b-1/N .f, Hz

Vet <fsf2 Than s6 f Hz lién hé véi bin b = Nf
\— ' fs

Hinh 6.12 M6i quan hé giira tdn 56 cia cdc thanh phdn cia
tin hiéu va DFT (bién doi Fourier réi rac)

Binh phuong bign cla vector x, duge xic dinh bang
N
<xfx>= 3 (xy )’ (6-17)
h=1
C6 thé 1inh bang cdch sir dung bicu thac
N (X 2
<x/x> = ZDL (6-18)
h=1 N

Nhu cdc thanh phin hop lai <cfe> = @ khi h # k nhém X, /N thé
hién cong suit cla thanh phén k cha tdn s6 f = (h - Dfs/N. Do dé hidu thitc
(6.18) chi ra cong sudt cua tin hi¢u = tOng cOng sudl cua céc thanh phén.

D6 12 mot dang cha 1y thuyét Parseval (1755 - 1836).

Vi du: Téch pho tan s6 cha tin hi¢u

Hay ldy tdng cla hai ky hi¢u tdn s& khac nhau va bién d6 ciing khic
nhau va xem xét phé nang lugng (cOng suét) cha né nhu the nao.

Khé khan trong vi du ny la gilt ding cOng sudl anh huémg dng
vGi tén s sao cho bién cfia cong sufit dnh huémg dén bién do a, =7 tdn s6 {,
= 16Hz va tin hiéu 2 X, bién d0 a, = 3 vi tén s6 {, = 48Hz tan 58 ldy miu la
128Hz v goi tdng cla chiing.
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Hinh 6.13 Téng caa hai tin hiéa hinh sin

=35=48 oo

_ B X: Xy + Xz )

X a,tsin 2 pit f1NS);

X857 sin (27 pi* f2715); . .

L %-TAn s61dy:m
- 9% Khodng I&y.m

% bing.

% tin hidu déu

% tin higu thir hai

% s6 difm

9% Khodng 1y
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Vio [euh
» plot (ts, x}
» xlabel { Time, 8 ), y label ( X)

Ta o6 (he xay dung vi chim didm ctia phé cong st

» X = fft{x): % DFT cta x

» pwr = x*cosj (X) /N % Cong sudt cda tin hiéu
wirs=(b=1), N*fs 9% Cac tan sd

» Plot (frs, pwr) % cham diém phd cong suét

K&t qua chim didm & aedn hinh 6,14, Tin hidu x, dut cong sudt &
dicdm 65, v 1an s6 I, = 16H. (63 = 1 + 512 « 16/ 128) va & hin 449,
phian ¢cham hon vi hén hop clt s tin hidu 65 = 1+ 65 duge ¢t trong hin
449 =1 + 512 - 64,

it e T T T T T T
BOO0F----A-pmmm o et A Sl A R
EY ) | | . , ' |
A0 p----qmrommo cTTTT et Dl T Tt
. ' . . . : .
0ot --- - Lo e S EEEEE SRR
q : . R T
] o 40 =] at 100 120 1400
Frequency H
2000 — — —— S — q
BO |- - - -~ - R S Lol EERE EELE R RS
T : | | ' .
R booenees boeomees e S R
(N 1 1 ' 1 1
J0oap---- - ; """" L ““““ I.‘“‘ Rl
2l 1 ) | N
G 10d 200 300 400 £ R00
bin number

LHinh6.14 Phe nang hevng ciia tin hi¢a x=xI+x2

Phd cong suil duge chi ra én hinb 614, Ta ¢ th kiém tra pwr (65)
= (/2N Tuong nenhir vay don v tin hic¢u x.. Cong suit ¢ bin 193 va 321
v pwr (193) = pwr (321) = (/27 N

Vi du : Nhin dang tan xd v thinh phin cong suat chinh
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Trong vi du nay ta & phan tich tin hidu tam gidc cua chu ky § = 5 giay
vi diém nhay bién do 1 vio thinh phan tan s6 cua ching vl vige st dung
512 diém My mau. Ta quan 1dm dén vi¢e (im sé phan trim cong sufl ong i
thimh phin tin hi¢u duge nhin Hr gou, bang eich phan (fch tie 4 thanh phan.
Ta con muon bidt cich Tum xap xi (o higu vii 1in hi¢u chudn. Trude hét, hiy
xay dung phuong G0 rif e x cua tin higu bang cich ldy miu nd tai 512
didm bing nhau.

»T=38;

» N=512;

»t= linspace (0T, N+ 1), t=(1:N),

WX, = 2*UYT-12: x=24T-)/T-1/2;

» X = Min (X4, X2); % tin hiéu tam giac va xay dung pho
cong sudt cua chung:

wh=1:N . % Khodng fdy méu va tan sé

» X = fit (x);

»Ts=T/N;;fs=NT % bang(b-1)/N*1s

» prw = X * conf (X} /N,

B¢ Kidm tra k&t qua ta cd the dimg dany thite Pacseval. Nhimg S3 sau
phai bany nhau,

»fsum (pow) norm (X)* 2]
ans =
42.6680 42.6680

D& ding nhan thay cdo L so nay g6m thinh phan 1dn nhit cua cong
suil, st dung ham sorf quay (ra L i phin 1 clia pow hing cich tang
dicm:

» [spow, spos] = sort (pow);
Hiy tim chit 53 cta 4 tan x& thanh phén cong suil 1én nhat:
s»m=4;spas (N:-1: (N-m+ 1)

Ta ¢ (h¢ thaly cie @n s6 ndy ciu thanh tén 512, 2. 510 v2 4, Bay gioy
(u xay dung tin hicu Xap xi

» X4 = zesos (X); % Ving d8 xap xf X
»h=[512 2 510 4],

1849



Phén tram cha cOng suét trén 4 thanh phin chi dao duge dua ra bdi

i OX4) /momm (K27

K&t luan: 99,7698 9% clia cong suat duge tao thanh trén 4 nhém, tuong
ng vdi tdn s6 co ban 0,2 Hz; lién guan dén bin s6 2, tdn s6 truyén dat cua
né lién quan dén bin 512, giao dong thit 2, (1,6 Hz lién guan d€n bin s6 4, va
hé s6 truydn clia 06, lién quan dén bin 510. Ta s& sit dung k&t qlia ndty & muc

6.9.

Nhitng dong Iénh sau s& chi ra cdch lam the nao dé ti€n gin dén tin
hidu tam gide gée duge xdp xi, xem hinh 6.15

oS ‘. 1 1 '.
DAt 7 A VA S
SR . —
s
e A e N
o= O N
ol e N
e
ool f N
e e T
05— —

Hinh 6.15 Su xdp xi cda tin hiéu hinh tam gidc
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6.8 PHAN LUONG GIAC MO RONG CUA TIN HIEU

Muc dich ctia phin ody I T the nio d& tao ra version i rae cua
i hicu, chu ky T v lay miu «f Khoang Ts = T/N. C6 thé nhanh chdng 10
hop tuydn tinh coa hinh sin viveosin theo dang sau

.
=3 (Ahcos(2 7 1)_‘[‘)1 B, sin(2 n(h 1)-;}) (6-19)

h--1
B v Coaa Fs nhan thay rang odu X dinh dau chuyén doi Fourier
cua x nhur dang thae (6-16)
- X{h) |
X = { expd 2 mich l}-fl‘- (6-2th
L=l |

Sit dung cong thiie Buler, va poi R vl wong g phin thye vii phén
A0 et X, dang thire (6-20) 88 duae Vict Tal nhur saae

M

X = Z (-l:—: cos{2n(ir-1 }-;)

lh an{ 2l -1) ! N+
oinCr- 1=
N T

(6-21)
N l
T ~| Z i s..]n(-} h | ) } \ LU\(ZT[“'I_ ! } ))

h=1 1

v déu ding dai v mot x, dodd ¢ 1he don gian hod kKhi x T 50 thye. Trong
truemg hap da, thanh phi o cha dang thiae (0-21), phii (rigt ticu, dung
dong nhat thiie (6-19) cho

A =K. /N
B, = -1, /Nvihchay (e 1 dén N
RBicu thite (6-193 due eot T luong g met rong Cua X,

Vi du : Bich doi hicy thite (0.19) cha § gidy vi vector ngdu nhicn cua
128 nhdom.

»T=5; % Khodng thai gian, giay
»N=128; 9% Chiéu dai cia vector
»t = linspace (0. T, N+ 1),

nt=1{T:N) % thoi gian 18y mau

» X = rand (t); % vector ngdu nhién
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» X = stt (X); % DFT cla no

»A = real (X) /N; % Hé s6 cosine
»B = -imag (X} / N; % Hé s6 sin
»SUM COS Zeros (N, NJ;

sforh=1: N

sumcos (h:)=A(h}*cos(2*pi* (h-1)* ¢T);
sumsin (h, @=- B (h) *sin (2* pi* (h- 1) * t/N);

end

» ¥y = sum (sumcos * sumsin);

Biy g1y so séinh x vavy, 46 hoa cta chiing

» plot {t, x, t, y)

hode 1inh s0

» Max (abs (x - y))

Trong version cia Matdab ¢d k&1 qua 1a 2.142¢ - 19,

Vidu : Phan tich tugng gide cla tin hicu tam gidc.

Biy gid ta hdly phan tich tin higu tam gide x toh trong thinh phin
luemg gide cua nd v Kicm (ra ket qud. NEu chit s¢ N = 512 xuat hién trong
nhém e theo cia Iénh 1hi can ¢d dung luong 1@t 1n cho bo nhd ciia mdy
1inh. Do vy, ta s¢ giam nd thimh s6 nho, ching han 15 32

»T =5

»N=512

»t=linspace (0, T, N+ 1), t = (1: N);

»X =2/ T-172, %,=2 (T-/T-1/2;

» X = min (X, X); % tin hiéu tam giac

» plat (t, x)

Hay tinh he s0 cau sines v cosine.

»X=fft (X),'

» A= real (X)/N: % hé sd cosine
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» B = -imag (X} /N); % hé s6 sine
» sumcos = zeros (N, N}
» sumsin = zeros (N, NJ);
»forh=1:N
sumcas (h, . ) = Ah)*cos (2* pi*(h-1)"UT);
sumsin (h, ;)= B(h)*sin (2~ pi* (h-1)"T);
end _
» Y = sum (sumcos + sumsin),
Ta o6 the ki€m tea cic k&t qua bang cich so sdnh x vi y, d6 hou cua
ching
splot t, x. t y)
vil 5O

»max (abs (x - y))

6.9 NHUNG TIN HIEU TAN SO CAO VA KY HIEU

(3 hinh 6.11 43 chi ra su wong ng piita cong sUAT cta tin higu va bi¢n
461 Fourier ctia nd doi vai cdc tan o dén 1an sd Nyquist. picu niy trd nén
tha vi khi xem dicu gl xay ra khi ta lay miu ta khuang thivi gian Ts bang s6
tin hicu tudn hoan licn wee cua 1an 56 cao dén 1an s& Nyquist Ny = 1/ (2Ts).

(3 day. version &y mau cha tin hi¢u dong nhit véi tin higu khace tan s6 lhap
Hidn tuong nivy poi lidiu hicu v C) “nhimg ¢ii khie”. BE nhan manh ¥ nay

ta chon T L4 § pidy, N =161 d){ mau trong mot chu ky, v hién ra theo
khoang 1ay mau vdi Ts = T/N vi tan 6 miu v [s > 1/Ts.

Tin hicu twan hoin vai chie ky ca bin coa T, w6l T/k vai k pha hop.

Ciing nhit tin hicu ¢ho cdce khodng cdch sin (2w) viy cos (2mly, 1an s6 1 b
thé tudn vict nhur sau

f = fapp + nis
Trong d6 nvie sa nguyén vin 0= 11 TN, NG dé dang kiém tra tal séac
1 ot sd cta Ts nhu sau £ =hls, sin (2xit) = sin (2nf, 1.
Thue 1&
sin(2nft) = sin 2 (£, + nfs) 1)

=sin (2m (0

appe

+ulsy hTs
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=simn 2w, hTs + 2mnlshTs)

sin (27l WS + 2mnhy
=sin (2t}

Nhung tin hicu v = sing 2z fo, v s6 1L khi ay miu o tan <6 fs, 1

khong thd phan bidt duge 1 o hitu x = sin(2rl,, 1 cia tan s thip .
Matlab cho phép ching ta gidi quydt vim dé ndy v hi¢u dién cde diu hicu.
Heév ditng ni tép sa; alias i
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T=5; % tan s6 co ban

Np = 512; %sa diém dé chém

t = finspace(0, T,Npt+1.

t=t(1:Np); % tim do phan giai cOa thai gian
%dé& cham diém

N=16; % s6 diém 18y méu

Ts =T/N; % khodng Idy méu

fs =1/Ts; % tan s@ lay méu

ts = Ts*(G.(N-1)); % khodng thai gian {8y mau

Nf= 1/(2*Ts): % Tén s6 Nyquist

f=kT: % tan so6 lién tuc
% tin hieu

X = sin(2*pi*ft), % tin hiéu, d6 phan gidi cao

xs = sin(2*pi**ts); % tin hiéu, 18y méu phan giai

9% tim fapp, nhis sau: f =n*fs+fapp

n = round{ffs):

fapp = f-n*fn.

xa = sin{2*pi*fapp*t).

plot(t,{x;xalts,xs, 0’}

str1 = ['fs = ', num2str(fs), 'Nf = ‘num2str(NAj;
str2 = [k = ', num2str(k), = .num2str(f)]:
str3 = ffapp=", num?2str{fapp)}.



str=[str1, ' ‘'str2, " ' str3],

titie(str}):
Chay ching saniénh sau
» k= 17: alias

te=a JNET B k=173 4 tapp=ll 2

Titre =

Linh 6,16 Tn hiva tin so cao lay mau alue mot tin so thap,

Vidu: Giao ddng ctia mot ki

Vice Hnh wdn 0 cae of du ndu teen ed ién quan dén mot dng dung ky
thuiat rong may Kicm ma dao done. Vidu dan gidn fnviy ¢d dang nhu hinh
6.17. Cae bo phan hoat dong v niiy 13 rde quay, khong cd kKhai lugng
giano done m, d&n m . N me oy ren hink 617600 Khoi lugng my v m.
hany nhau, nhung quiy theo hat hudng dor nguce nhau, vie ciing ludang (
nhw doi vt khor leone me vicm . Mo trong uhimg dia quay duge innb bay
chi GEUiren inh 6,17 (b, Gia s khoane cich gifa true quay quac diém 0 va
am cua khoi luone Khong giao done. m Foe, Khot luong quay quanh diém 0
vt 100 Ao o, Lue iy i dat vio tam et khoi leong Khong glao dong bang
Fo=wmr of, ChusCndony guang sal theo rae thang dimye OA vd hudng quay
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theo chicu kim ddog hd, sau thin gian € gée gitta OA v hudmg cla F = wd.
Thanh phan thing ding cha lue hudug am 13 F, = mg,of .cosayd, va thanh
phin nam ngang 13 F, = mref.sin wf . Khoi lugng bén phii bang khdi
luang ©6 chidu quay ngude, quan sat theo true ding.

Luc hudng tam ducce phan ra thinh phan thang ding £, vd thinh phin
ngang -F,. Thanh phin ndm ngang gino dong quanh diém, khi thinh phén
thang diung hudng 16n cao, sinht ra liue dan hoi = 2 mped; . cos ot. Tich myr,
biéu dién moément tinh cda khdi lugng theo true quay.

Né&u hai cap dém khai lugng quay sip x&p réo cing mot bin dan hdi
v 188 giifa moment va goe quiay ctia chiing o6 thé tinh (gan ding), i 6
thé 10ng hyp duge cdace xung dim héi cda cic hinh daong khiic nhau. Hay tha
xap xi dang séng duge phan tich trong vi du 0 muc 6.8, Ta goi ra 4 thanh
phin tao nén nang luong cha yéu. A Ly gioo dong dau 1én véi tan so (1.2
Tz, va lién kgp cua nd, giao dong th 3, o s6 (L6 Hz, vi §ién hop cia né.
Licn hop tuang dny theo chi¢u nguge Tai vai cide 1an <6 0.2 Hz va 0.6 1z
Dicu dé cd nghTa L cap Khaoi huomg Khong giao dong quay theo hudng nguogc
lui nhu hinh 6.17, s¢ siuh ra lue tuong g vai cap lign hop trong phan lugng
pide mdrong cta lue. Bién do ciia cde thinh phin ty 1¢ theo hé 6 v lugng
gidc mdromng. Ching biang 0.2026N cho tan 56 0.2 Hz vi -0.2H7 vi (L0225N
cho tan s 0.6Hz vi -0.6Hz.

lF[zmtr;wn

Vs

T

Llinh 6.17 Mady kiem tra giao dong

Ta bt dau thidt k& mdy dan hdil bang cich dua vin 16¢ goe cia khoi
fuong khong giao ddng theo rad/s.
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»omega 1=2*pi* 0.2 omega2=2" pi* 0.6
omega 1=
1.2566
omega z =
3.7699
Tiep theo hily dua vio bién cta le duge sinb ra bai trong luong khong
viao dong
» F1=0.2026; F,= 0.0225;
Moment trong Hggng, myr,. me.r (kgm), sinh ra phitng luc sau

»rim1 = F1/omegal”* 2

ritmi =
0. 1283
»r2m2=F2/omega 2™ 2
r2me =
0.0016

Gi thidt 1a kKhai tong khong giao dong 13 1 dia rom day (1L02m, lam
hing thép ¢ khoi luong ricng 7850 kg/m’. Moment (inh cua ving segment
(tinh ram’) 1a

» 81 =rim1/(0.02*7850)

S1=
8.1718¢e - 04
»82 = r2m2 /(0.02 * 7850)
S2=
1.0084 e - 05

Dicu niy ching 1 mamen i vang sepmen trén dia phu thude vao 16
hygp cha tva =1t/ 12. Dimg comg thiv sau dé tinh o hop clia scgment (rén

dia, theo m,
» t1= (12> ST (143)
t1=
0.2140
»t2= (12 S2)* (1/3)
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2=
0.0495

Néuw giam hoap cia khoi fugng mlo m2 biang cich tang chidu day cha
ching dén 0.03m:

» 81=rtm1/(0.03* 7850)

S1=
5.4479 ¢ - 04
»t1= (12 SH* (1/3)
t1=0.1870

Ta s& chira khai Jugng giao dong (hict k& sinh ra e thiang dimg khi
ddthi then gian xap xi hinh tam gide, Bal diau bang vice xde dinh truc thevi
vian.

»t=0 002 10:;

—

., —

Thnh 618 Kiclt thuoe cda khot liong klvag gico dang va tiep tue vief
cac didw haa elink
»f1=2"rim1 > omegal » 2" cos (omegal * t);
»wi2=2%*rdmz”* omega2 " 2* cos {omega? * t):
Chirm cie dicm nhan duoe
» plot (¢, (F1+12)
» giid
» title { Tng hap iue dan héi hinh tam giac’)
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»xlabel (' 1 8§}
» y label{ F, N)

Hiy Ki¢m tra (rén hinh 6. 1% chu ky cua song tam gide 13 nam piay vi
bicn do caa lue dim hoi 1 045N gin v 0.5N,

6.10 PHAN BAI TAP VE XU LY SO
1) Ménh dé lién hop

a/ Thay 01 nhing ménh dé sau cho vector x xic dinh trong MATLAR
bit N = 128; x = rand (1, Ny

NCw x B« thue o6 chidu dii Noviv x [ bich doi Fourier rin rac, ddi v
moi hrong khodng [N TLx 01+ N - by so phe licn hupcoax(l +h)

b/ New ban theo hudng 1oin hoe, chime minh ménh dé cho mai vector
thye x.

G (hict 1y VNV UL =,

2) Xac dinh dic tinh tan caa ho loc

Mot S0 him ciae MATLAR nh vadewalk Vi remez. Xy dung cic he
8O et b Toe sd bang cich xap xi vadi an so mo @ eac inh chal

of Xay dung hiamvy deffiltm.m: cho phép ngwi s dung xic dinh dac
tinh 1an caa bo loo khi nhdy vio didm uén hicn plane tin s& vai chudl va
quay ve chudi caa tan <o Khong th nguyen (nhu cae tin so qui chuin vui tin
sa Nyquisty, [ vi bicn M,

b/ Kiem tra himy so: Niie dinh ¥ nghia cua deffilt.m duce xdy dung o
(a) cuit by loe sandy, oén ian oy mao i 10007 (hie T tan so Nyguist 1o
SOHZz), ¢onhimg dae tinh saus

Bitn Tan so
1.0 gl

L0 101

N b

5 RIj!

1.0 A0

1.0 S

Yy



3) Mo ta IIR - yulewalk

Tin higu duge ldy man tai BOOHz. Ta ding him yulewalk a8 thict k&
ho loc TR v xdp xi bo loc F, xde dinh b dac tinh tén saus

Tu Hy bén He Ricn

() _ 100 ()

100 150 Tang tuycn tinh tir 0 dén 2
150 1K) 2

180 200) Giam déu 1ir 0.5

200 240 {1.5

200) 300

Tang déu 1t 0.5 dén 1
3060 4010 1

af Viet chudi [ v m, 02 xde dinh dac 1inh ca ho loe tir yeu cdu hang
yulewalk, ViZt tan <0 T boi e i s Nyquist,

b/ Thay doi [t gidi ding vao (a) bing chim didm m,, versus f,.

¢/ St Ll[ll]i_ him yrelewalk, (im cic hé sé cha bo loe cho 6, 8, 10 didm
biang cdch xap xi bd loe di dira ra.

d/ Sosinh diae tnh do hog cia bd loe nhén duge vii F.

4) Kiém tra b loc vai dau vao hinh sin
Khi giat bai (3) a b chudi
bUR6G = [0.51 69 - (L7337 0.6589 - (L6YR9 (1.4929 - 0.1354  (1.1355]
alIR6 = [10000 - 0.3217 12452 - 0.08%  (LSRT2 - 00185 (0.1643]

bidu didn cic hé s6 can bo loc si. NEu 1 khoog cit ching thi hdy dua vio

bing tay. Mudn kicm tra bo lov ndy o6 dac tinh tin yeu cia hay khong, hiy
kidm lai nd theo so dién v hinh sin, onhu sau

(@) Xay dung phan révi vac cia tin hicu s = sin (27t1) liy mau & 800Hz
trong then gian Teidy, dot vdi = 100H,.

(b) Dung ham loc ilter qua S, qua bo loe xic dinh v he o cha bIIR6
va alIRO vh goi K&t qui £5. Cham dicm I3 ohu mot him (hin gian, doi véi
trong khoing {15, O0.6], sau thiv gian dd 6 e dong cua rang thdi thi s¢
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XOd.
(¢) Kiém tra & cde bo loe ¢b die tinh tan rin rae
(vi du tin hicu 100Hz, chinb xdc 0.5)
(d) Thay déi bo loc ¢d die tinh tin nhu (3)

(¢} Lap lai cau ¢ cho 1an s6 100, 150, 186, 200, 240 vi 30{ Hz.

5) Thiét ké FIR - remez

Tin hicu ldy mdu tai 400Hz Tua st dung ham remez d¢ thidt k& FIR loc
8¢ cting vai hiim loc F xap xi, xde dinh bot dic tinh tan nhu sau:

Tir Hz bén Hy Bifn

() 25 I

25 50 Giam tuycn tinh tir 1 dén 0
s{} 1410 §]

100 150 Taog tuycn tinh tr O dén |
150 204 |

a/ Vict hai chudi . v m,, d¢ xdv dinh die tinh cdu bd loe rén dya vao
remez.

by Thay ddi cho ding vdi L gidi (a), bing cdch chim di¢m m, theo €

¢f S dung ham remez im h¢ 86 cOa bo loe cho 10, 20, 30 diém (goi
chiing tuong Gng vdi bEIR10, bFIR20, hFIR30) vi xidp xi b loe duge dua
Ti.

d/ So sinh dé hoa dac 1inh cta bo loc ohan duge véi F.

6) Ham Bilinear ciing vdi tinh todan khoang lay mau

Ham chuyén déi cda bd loc thomg thip duge xde dinh theo mat s nhu
sau:
2
)

H(s) = wWon

I-s p wl +26w,s !
vél P =6 rad/s; w, = 15rad/fs va € = (0.6

o/ Hiy vidt His) nhu 15 1y s0 coa 2 da thic num v den tinh nhanh
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ching nhy sa dune chaydn doi MATLAR (chudl cice he 88 cta vide giam
nang lugmg coa <)

You e Sadung ham conr.,

b/ Cham cice dicm bicn dap dng cia bo loc dge xide dinh bén ham t s
His), trong Khoang .0 ddn 100 vad/s. bang hicn thi cde @n so theo thang
fogarithny vie bien theo dR.

¢/ Cham didm dap ang pha tén cling mot khodang. bing hién thi tan so
theo rad/s va pha theo do g dyng gawarp néu o6 kha nang o dat vao may
cua ban).

df Tim cie he so e s tiang dusme cua nd, [y ong cde 1an <6 1y
miau et SOH,

Chua v Sodung hiom hilinear.

7) Xap xi Khoang 1ay mau cho ham bilinear

Him bicn don cua bo o thong thap. side dinh theo s nhae sau:

| won
[“\i: l S e - e — -

B 3

NP w0 25w s R

v P o= Rrad/ss w,o= 20md/s vie £ = 00650 Hay xay dung bo Joc SO mg
duving vie xae i ran o Ty mau v sadung help cia MATLAR. Vicl mau
Chuonyge 0 bang MATEAR nhu sau:

A/ NDhae neudn s duny him safay mda i
b/ Sirdung himt bilinear, ciu go bo loc o wong duenyg dng van isd

o/ VSN th o dae b vie pha et bo doc ieang 1 vie bo Loe so tuong
duiing.

d/ Lap b buade ce (b, toy cho dén Khi neuaan dung thoa madn. lae do
thodt ri ko voug Lap.

of Dua tren vone Tap wdn hicn thi tan sd 1y mau vie cie thong 6 cua

ho foe s,

(7 So sdanh do hi cua dap g cia bo loe s0 duge xay dung o (dy v
bo loc huomg i e,

)



8) I'I'T va bins

X 15 256 didm FET. ¢ duoe hang DEFT dén chudi x ¢d 256 diém, va
n =0 e o midu lap Ll G 6320 Nhin viio pho cong suat, chang s thdy c6
nhay  bin thir 33, Dicu dd chi ra kb nang thimh phian cua tan s6 ko tin
hic¢u gdv (vo nghia 1 didu hicu o6 thé dusge thge hign)

Dang cong thate ¢ hinh 6,11

9 Aliasing (ky )

Gitid st ¢t hicu duge xae dinh g bin 80N Ry te 10 hién tar, vor e
tan s khac cd cung bude nhay Khong?

1) Pho cong sudt cia tin hicu tam gidc

Tin hicu fap lai hinh tum gide duge by mau tai 256H7 (heo thai gian
Khodng (0.3 eidy, sinh v chudi X cd 3 didm coa gid i O v 16 diém gid i 1.

of Chim dicmy x nhu mot ham teo thai gian, moi Khoang (L5 gidy.
b/ Tinh 10dn chiam dicm phd tin cia x

¢f Chiri 3 tan so dau Hien nd ¢dm nhing cong suat ki nhat .

Clii v: S dung ham sort

d/ Xip xi x bdt § giao dong ol kG qud x pprsy v chim dicm x va
xappry.

11} Loc va tin hicu
BO loc thong thap F duge xde dinh vai chudi el cie hé s a viv b ed

duue bang cdch s dung 1cnh MATLAL.
» (b, a] = butter {5, 0.5)
Tin higu x, dhrse e dinh nher sau:
» Ts=1/100; t=Ts ™ (1:500);
»f=25:x=sin92*pi*f*1);

CO sin 211 v duoe Ly madua Lot TOOHZ trong doan 10, 5] s dung hdm
Jilter mi Khong xiac dinh @i lun tang thin 21 (e nghia It MATLAR (0 xidc
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dinh €). i tin hicu y. ¢d duse bdi cho x qua bo loe Foovi nhan dang hicu

qua ru icn bang cich chim diém y nhu ham cia trung doan 0,0.2),

12) Bo loc voi md td trang thai tGi han

B loc thong thap F duwoe xde dinh bang 1 chudi cia cic hé sd ava b
¢ duoe nho sirdung dong 18nh caa MATLAR

» fb, a] = butter (5, 0.5}

Tin hicu x duwoe xde dinh nhue sau,

»Ts=1/100G; =25 ; x=sin(2+pi*z*Ts* (1:500);
Tim vector 7 nha I1&nh sau

»y = filter (h,a,x,z )

Sinh ra vector y it diu v 5 zeros. Kicm tra ciu trd 16 bing cach
cham dicm hat dau 3 nhdm coa y.

* Chuo y: Dung ham filteric.

6.11. CAC HAM THU VIEN THONG DUNG TRONG
TOOLBOX - XU LY TIN HIEU SO DSP

6.11.1. Ham sinh ra cic dang siong

Chirp Phit him cosin

Diric Ham tuan hodn sine

Gauspull Phil xung Gaussian

PPulstran Phat mor dity xung

Rectpuls Phdt hinh vuong 1ay mdu khong tuan hoan
sawtooth Ham rang cua

sing Ham sine hoac sindpiFxy/(piFx)

square Ham sdng binh phuong

tripuls My phat hinh thang iy mau khong tuan hoan
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6.11.2 Phan tich bo loc va thie hién ching

Abs
Angle
Conv
Ifthilt
Filter
filttilt
filtic
fregs
freqspace
treqz
grpdelay
impz
latetilt
unwrap
upfirdn
zplane

Gid tri fuy¢i doi clia 80 Go

Gow pha

Quuay

Thuc hi¢n bd foc over lap-add
Thure hicn b o

Bo Lo pluackhong

Bo lye xde dinh dicu kico dau
Ridn doi Laplace 1an sa ddp ung
Bl tian s cho dap dng thn 8o
Ricn doi 2 1dn =6 ddp dng

MOt nham e

Dap g xung (e rac)

Thue hién bd o Lattice
Khong ba pha

Ro loe FIR khong lay mau. ldy mau xudng

Chim dicm cye ron rac

6.11.3 Cac bién doi he tuyen tinh

Convimtx
latc2tf
poly2re
rc2poly
residuez,

S0OS288

sos2tf

S0s2zp

Ma (ran quay( Ma trin chuyén vi, hay nghich dao)
Luéi vi/hoge ludi bie thang d¢ iruyén him chuyén déi
ba phuong dén hé so bidn doi

HE s6 phan xa dé bidn doi da phuong

Midn md rong thap phan cia bicn d6i 7

Chuyén déi cic vimg thi hai d& dat trang thdi chuyn
dai

Chuy&n doi cie vimg thit hai d& truyén ham chuyén doi

Chuydn déi cic viimg thit hai dén trucmg khong
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S82508 Prat g thai & dat diém tha hai cia vime chuyén dai

Ss27)) Bl trang 1hii d& chuyen doi iruomye khong

ss 2tf Bat trang (hii d¢ ruyén hiom chuyén doi

ti2latc Truyén hivm dén udi hoae chuydn doi fudn hinb thang
ti2ss Trayén hivm dén chuyén doi trang thii

tt2zp Trayén him dén vimg chuyen doi trudmg khong
ZP2sos Chuydn doi i truomy khong dén vang dat (hi ha
Zp2ss Chuyén doi i trasmy khong dén dicm trang thii
p2tt Chuyén doi wr rutmg Khong dén him iruyén

6.11.4 Thiet ke bo loc so TR

butter Thidt k& ham love don g nhal

chebyl Thidt k& bd loe Chebyshewl

cheby2 Thict ke ho oo Chebyshewll

ellip Thi¢t k& ba loe Elliptic (dang Elhp)

maxilut Thidt k¢ ho loe thaong thap duae sinh ra mot cich don
i nhal

vulewalk Thi¢t k& bo loc Yule-Walker

6.11.5 Chon bo loc cho trude 1IR

Buttord Chon bo foc dom cian Butterworth cho trude
cheblord Chon b loc Chebyshew | cho e
cheb2ord Chon bd loc Chebyshew 2 cho trade
ellipord Chon b low Elip cho trude
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6.11.6 Thiét

cremes
firl

ir2

fircls
firclsl

girrcos

firls

inflit

kaiserord

remesz

remezord

ké bo loc FIR

Thict k& bd Loe FIR sa phide v hidu dng {mdéo nhd) ripple
pha khdng tuy&n tinh

Thict k& cia s6 o han cha bo loc FIR - thip ,cao, thoéng
gitra,dimg tich

Thitt k& cira 50 co bin cita bd loc FIR - Dédp dng tuy y

Thi¢t k& bd loe ¢ di¢u ki¢n binh phuong ldn nhat - bdp
ing tuyl ys

Thit k& bo toc FIR & diéu kién binh phuong dn nhdt -
thong thap viu thong cao

Thidt k& bd loc FIR cosine [dn dan

Thi¢t k& bo loc FIR- ddp tng tuy ¥ cling véi viing chuyén
doi

Thidt bo loc FIR adi suy

Chon diém dit ofra 56 co ban cla bd loc st dung clia 0
Kaiser

Thict k¢ ham loc (61 uu FIR Parks-McChellan

Chon him toe dat trude Parks-McChellan

6.11.7 Cac chuyén doi

czt

dct
dftmtx
it
fttshift
hilbert
idct
ifft

Bicn doi 7

Bign doi Cosine roni rac

Ma tran bién doi Fourier i rac
Bidn doi Fouricr nhanh

Chuycn doi vector halves

Ridn doi Hilbert

Bidn dai cosin 1t rac nguoe

Bin doi fourier ngude nhanh
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6.11.8 X1 |y tin hiéu thong ké va phan tich pho

cohere
corrcoef
cov

osd
pburg
pmtm
pmusic
psd
pyulear
spectrum
tfe

xcorr

XCoyv

Hiam ddnh gid chat che

H& s hicu chinh (hé 50 bi)

Ma trin sai Iéch

Mt do pho cal nhau

binh lueng pho cong sudt theo phuong phdp Burg
binh luong phd cong sudll theo phuong phip Thomson
binh luong pho cong sudt theo phuong phdp am nhac
binh lwong pho cong sudt theo phuong phap Welch
binh lrong phd cong suit theo phuong phip Yule-Walker
psd, esd, dinh k& vAa hopile

Piénh gid him wuyén

Ham bl (hidu chinh) giao uhau

Ham sai léch

6.11.9 Cac cira s6 tin hiéu

Bartlett
Blackman
Boxcar
Chebwin
hamming
hamning
kaiser

triang
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1.11.10 Thong s6 khi mo hinh hod

inviregs
invireqz
Ipe
prony

stimch

R loe tuemy 1 phu hop vai ddp g tan 80
RO loe 10 rac phichap vii ddp tng tan 80

Cic he O tydn iinh dodn e su dung phuong phap 1y
b

RO oc 1ot rac Prony phit hep vdi dap Gng thi glan

6.11.11 Cic thao tac dac biet

decimate
deconv
demod
dpss

dpssclear
dpssload

dpsssave
interp
interpl
medfiltl
modulate
resample
specgram
spline

Vo

Ldy mau s Jicu & khoang jy mdu thap shat

Quay nguge rudc

Ma hinh hoi d€ chay mo phong qui wrinh truyén tin
R rac mién khong gian tan O

Chuy&n mién khong gian tan S e e vio midn ed sé di
héu

Nap vio midn khong glan {an O rivi rac 1 mién co s dif
hicu

Cst midn khong gian tan 0 rdi rac vao mién co sadit ligu
Ly miu lai s ligu khodng 1y mau cao han

NOI suy mot chicu chung cho 1olbox

Su loe didm gilia mot chidu

Modul hod d& mo phong cic qud tinh truyén tin

Liy mdu tin sd vdi khoang l4y mau mdn

anh phd, ddi vai toe do, 1 hicu

Noi ity theo hinh hop

Tao giso dong dicu kiién dp
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6.11.12 LAm méau bo loc tuong ty thong thap

besselap Lam mau bd loe Bessel

buttap Lam mau bo loc Butter

cheblap Lam miu bo loc Chebyshev dang 1 (Sai nhd & gita giai
thong)

cheb2ap Lam méu bo loc Chebyshev dang 2 (Sai nho @ cudi giai
thoéng)

ellipap Lam mdiu bo loc dung Ellip

6.11.13 Chuyén dai tan so (Dich tan so)

1p2bp Bicn déi bo loe thong thap thanb thong theo dai
Ip2bs Bi¢n d6i ho loe thong thap thanh thong dinb
Ip2hp Bic¢n dai bo loe thong thip thanh thong cao
Ip2lp Bicn ddi bo Toc thong thip thanh thong thip

6.11.14 Roi rac hoa b lyc

bilinear Su chuydn déi nan wydn tinh véi vang duge chon trude

impinvar Chuyén ddi xung hat bi¢u wong 1y thanh 56

6.11.15 Nhiing ham Khac

besself Thi¢t k& b loc tuomg g Bessel

conv2 Quay hai chicu

cplxpair Vector dat trudic vito b so phde hién hep
{12 Bicn déi Fourier nhanh hai chidu

iftt2 Chuydn d6i nguge hai chicu Fourier nhanh
polystab Su bén vimg da dang

stan Chaim dic¢m =8 lidu tin 6 1oi rac

strips Cham die¢m phong ra

xcorr2 Giao bl haj chidu
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CHUONG 7
UNG DUNG PHAN MEM SIMULINK

7.1 KHAI NIEM VE SIMULINK

Simulink 12 m§t phan mém ding dé mo hinh hod, mo phéng va phén
tich mot he thong dong. Simulink cho phép m6 14 he théng tuyén tinh, he
phi tuy€n, cdc md hinh trong thoi gian lién tuc, gian doan hay mot hé két
hop ca lign tuc va gidn doan. H¢ théng cing c6 thé ¢é nhidu 16c do khac
nhau c6 nghia 1a cac phan khic nhau 18y méu va cap nhit s6 ligu & t6c do
khic nhau.

£¢ mo hinh hod Simulink cung ¢ap mat giao dign d6 hoa dé xay dung
md hinh nhu [a mot so d6 khai st dyng thao tdc “nhan va kéo” chudt. Vi
giao dign ndy ban c6 thé xay dung mo hinh nhu xay dung wén gidy. bay la
su khdc xa cdc phan mém mo phong trude nd ma & d6 ngwi sl dung phai
dua vao cdc phuong trinh vi phan va cdc phuong trinh sai phan bang mot
ngon ngl 14p trinh.

Vigc lap trinh trén Simulink s dung cde ddi tugng dé hoa goi la
Graphic Programming Unit. N6 duge xay dung trén co sd cla cdc ngdn ngi
lap trinh hudng doi tugng, tao dicu kién hét site thudn I cho vige thay déi
gid tr1 cac thude tinh trong nhimg khéi thanh phin. Loai hinh 14p trinh nay
¢ xu the duoe st dung nhidu trong ky thuat boi uu diém 1on nhal cta nd la
tinh truc quan, d¢ viét va hinh dung ddi véi nhitng ngusi lap tinh khong
chuyén nghi¢p ciing nhu nhitng ngudi khong mudn bd nhidu thdi gian cho
vite hoe thém mdt ngon ngi 1ap trinh maéi.

Thu vién cta Simulink cing bac gdm toidn bo thu vien ciac khdi nhu
khoi nhan tin hi¢u, cdc ngudn tin hi¢u, cdc phin (r tuy&n tinh v phi tuycn,
cde déu ndi chudn. DT nhién 1a ngudi st dung ciing ¢6 thé thay ddi hay tao ra
cdc khdi rigng clia minh. Céc md hinh bai todn trong Simulink duge xay
dung ¢d thi bac hay cOn goi 1a theo mo hinh phan cép, diéu d6 cho phép
ngudi sl dung ¢é thé xay dung mo hinh theo hudng tir dudi 1én hay tr trén
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xuéng. Ngudi sit dung vita ¢6 thé quan sét hé thong & mic tdng quan, vlta cé
thé dat duge muc do cu thé bing cich nhiy kép vao timg Khéi xéc dinh dé
xem xét chi it mo hinh cla timg khdi. V&i cach xay dung kidu ndy, nguli
sit dung ¢6 thé hiu duge shu séc 16 chitc cia mdt md hinh va nhimg tic
dong qua lai cha cdc phin trong mo hinh nhu the nao.

Sau khi tao lap ra duge mgt mo hinh, ngudi sk dung c6 thé mo phong
n6 trong Simulink bang céch nhap iénh trong clta s 1&nh clia Matlab hay si
dung cde menu ¢ siin. Viée st dung cdec Menu dae bidt thich hop cho céc
cOng vide ¢6 sy tde dong qua lai 1an vhau, con sit dung dong Iénh thuong
hay duge dang khi chay mot loat cdac md phong. Cde b Scope va cac khdi
hién thi khdc cho phép ngudi st dung cé thé xem k&t qua trong khi dang
chay mo phong. Hon nifa ngudi s dung ¢o thé thay doi thong 30 mot cach
truc 1idp va nhén bidt duge cic anh hudng dén mo hinb.

Cén nhdn manh diéu quan trong trong viéc mo phong mét qud (rink
la viéc thanh lap duoc mo hinh. B3 sit dung t6t chuong trinh ndy ban can
¢é kign thie co ban vé didu khién, xay dung md hinh 1odn hoc theo quan
didm clia 1y thuyét didu khién va tir d6 thanh 14p nén mé hinh bai todn ma
ban ¢4n giai quydt.

K&t qud mo phong ¢6 thd dat vio Matlab d€ xir 1y dua ra méy in hay
hién thi. Cong cu phin tich md hinh bao edm ca cong cu tuyén tinh hod va
"trimming” m ta ¢4 thé truy nhap wr dong 1¢nh clla Matlab, hon nia ta cing
¢6 it nhidu cong cu trong Matlab vi cdc b chuong trinh g dung cua nd.
Vi b vi Matlab va Simulink dd duge tich hgp nén ta ¢6 thé md phong,
phan tich va sita chita mo hinh trong ca hai moi trudng tai bit k¥ thoi diém
nao.

72 BAI TOAN THU NHAT

7.2.1 Pat bai toan cho mo hinh

Mot vi du ddng chii y coa Simulink 12 m6 hinh nhid¢t dong hoc cua
mot ngdi nha.

D& chay mo hinh ndy ta thue hién cde bude dudi day:
1. Chay Matlab.

2. Hé chay mo hinh ta ddnh "Thermo” trong ctra 56 1énh clla Matlab.
Lénh ndy s chay Simulink va tao ra mot cita sO chta md hinh sau
(hinh 7.1)
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Wermo iz s r s e s s

File Edit View Simulation Format
Jal = da | 8 NZE

bl ot 1 haater
cmd QDot

. Iﬂ‘.i;t’na ee- = e
Cu
Q‘t Point F;henhen E .
H )
to Celsius Thermostat -
Bloveal Celsius tl\)
fout | Indoorus

I Haouse Fanrenheit P
— 1
. FzC
fosg Outdoor i W Tin
Temp Fahrenheit
Lo Celsius
Daily Tamp 1
Wanation l

House Thermodynamics ? l
(Double click on the "7 for more inta)

To start and stop the simulation, use the “Start/Stop”
salection in the "Simulation” pull-down menu

Dollu Haat Cost ($)

Cutdoor Temp

L__

—

Double click
here for

Simulink Help

Ready oded5

-

Hinh 7.1 So'dé mé hinh mé ta bang Simulink

Khi xem mo hinh, Simulink s¢ dua ra hai khoi hién thi ¢6 tén "Indoor
vs Outdoor Temp" va " Heat cost”.

3. B¢ bit dau mo phong, vao menu '\'imulatiun va chon I&nh Start
(Hoac dn phim Start u¢n thanh cong cu ctia ctra s6 Simulink). Khi chay
mo phong, nhi¢t do trong vi ngodi nhi s& hién thi trong khoi Scope "Indoor
Vs ()uldom Temp" vi 80 tién phii tra s xuat hién trong khdai Scope "Heat

Cost".

4. B¢ dimg mo phong, chon I¢nh Stop trong menu Simulation (Hoac
an plum Pause trén thanh cong cu). :

5. Khi di k&t thic vice chay mo hinh luy déng moO hinh bang I&nh
Close tir Menu File.
7.2.2 Mo ta mé hinh bai toan

Mo hinh mo phong nhi¢t dong cia ngdi nha fa mot mo hinh don gian

May didu nhict duge dat tai 70°F va bi tic dong bai nhict do hén ngoai bién

déi theo luat hinh sin ¢6 bién do 1a 15"F xung qudnh nhi¢t do 50°F. bay la
su md phong dién bi¢n thay d6i nhi¢t do hang ngay.
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Ma hinh stir dung cic hé con d& don gidn hod sa d6 md hinh v tao ra
hé thong ¢6 the st dung duge. HE con 1d mdt nhém cdc khdi chirc nang ¢4
tinh dai di¢n. M6 hinh nay ¢d 5 h¢ con: mdy didu nhi¢t, nha vi 3 hé bi¢n ddi
nhiét do (hai hé bidn ddi ti °F sang “C vd mot bicn déi tir “C sang “F).

Nhiét do bén trong v ngoil nhit duge cdp téi hé con "House”, va nod s&
luon cip nhat nhi¢t do trong nha. Nhip kép vdo khdi 'House” dé xem céc
khai co ban cua hé phu nay.

.
Heatar + / _’®

0ot Indaar Temp
Tin

Thermodynamic Modsl
1/Raq forthe House

Outdoor Temp
Tout

Hinh 7.2 Mo hinh nhiét dong ciia ngoi nha

Ma hinh hé con 6n dinh nhidt 1 hoat dong cila mdy on nhidt, nd quyét
dinh khi nao h¢ théng diéu nhidt bat hay tat. Nhdy kép vio khoi dé xem cic
cum chdc nang co ban cua hé nay (hinh 7.3).

O—rd—

Terr Blower
Relayl switeh

Hinh 7.3 Mo hink mdy in nhiét

Ca nhidt do bén trong vh bén ngodi nhd duge bi¢n ddi ur °F sang "C
hdi mot hé con chung ¢d 1&u 1a Fahrenheit to Celsius conversion (F2C)
{(hinh 7.4).
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F lQ-"_EjZ}ﬂ:L;E:H?: Fahrenhsit to Celsius conversion (F2C)

[CTHIRS

aul

[linh 7.4 M kinh hé hién dii tie di F vang do ¢

Khi mdy di¢u nhi¢t duge b, 1ién phii tra ¢ duge 1inh todn v hién thi

irén khai
Temp”.

“Heat Cost”, nhi¢t do bén trong nhit duge hicn thi trén khdai "Indoor

7.2.3 Thir lai mot 50 qua trinh

C6 mot s qué trinh md ta cin thit lai d¢ xem mo hinh dép ing nhu the
nao d01 v cde thong s& khdc nhau.

MOt khai hidn thi bao gém ving hién thi tin hicu vi didu khién, n6
cho phép ta lya chon kKhoang tin hi¢u hién thi, phong to amng phan
tin hidu vl thue hién cic cong vide khac. True hoinh biéu didn thai
gian vi true tung bicu didn gid i cla tin hidu.

Khai hing s cd 1én B "Seipoint” dit nhiét do yéu cau trong nha.
M khor ndy ra vivdat gid o (61 80" F khi dang chay md phong.
Xem nhidt dd bén wrong nhd v sa tén thay doi. Cling nhu vay ta
cling ¢ the thay doi nhigt do bén ngodi vt xem dnh hudmg cda né
do1 vaé mo hinh,

bicu chinh dd bign doi nhidt do hing ngdy bdi vide md khai phat

sOng sin c6 @8én "Daily Temp Variation” va thay ddi thong s@ bién
do.

7.2.4 Hiéu qua cua viéec mo phong qua trinh

Vi du nay lam sdang 16 mot vai cong vice di duge sir dyng d& xdy dung

ma hinh.

Chay md phdéng bao gdm dat cdc thimg s& va bat dav mo phong
viti 1¢nh Start.

Ga6i gon todn bd cdc kKhai ¢d lién quan trong mdt khoi dem goi [a hé
CuoM.



e Tao ra bidu tugng ricng va thict k& mot hop doi thoai cho mot khoi
cong viée st dung "masking”. Trong mo hinh didu nhidt tit ca cdc
hé con duge tao ra biCu tugng str dung "Masking".

e Khai hidn thi hién thi ra dd hoa nhu mot mdy hién séng thuc su.
Khai hién thi hién thi tin hi¢u vao cta no.

7.2.5 Cac vi du str dung khac cta Simulink
Ban ¢6 thé xem cdc vi du nay (ir clra sO thu vién cta Simulink.

1. Panh "simulink” trong cita s6 I&nh cta Matlab. Cira s thu vién cic
khoi s& xudt hién.

n 4
Q\T;i;. -\-?}\L{?/— \_H_L“x l,f/ in1 Ot

5
T Y

Sources Sinks Discrete Linear Monlinear  Connections
Blodsets & Simulink Blodk Library 2.2 Demos
Toolboxes Copyright (¢) 1990-1993 by The MathWorks, Inc.

inh 7.5 Cua so cde thu vien cda Simulink
Nhan kép vao bidu tugng "Demos”. Cira s& "Matlab demos" s& xuat
hi¢n. Clra s6 ndy ¢6 mot vai vi du ddng quan tam ma nd lam sang 10 dac
di¢m sir dung cta Simulink.

7.3 PHUONG PHAP XAY DUNG MO HINH

Vi du sau s& trinh bay cho ta phuong phip xay dung mOt mo hinh nhu
th¢ ndo, cach st dung cde 18nh va cde thao tic dé xay dung mo hinh. Ta s¢
xdy dung mo hinh tich phan song sin vi hic¢n thi k&t qua cuing vai séng sin.
Sor d6 khoi ctia mo hinh trinh bay trén hinh 7.6.
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b U Scope

ﬂml_‘.

Integrator

[

Hinh 7.6 M6 hinh tich phan song hinh sin

bénh 1&nh "simulink™ wur ctra sO 1¢nh cua Matlab d¢ hién thi cira sO thu
vién Simulink va nc¢u khong ¢o LLLI $O mo hinh nao duge md thi mot clra 8O
mo hinh mai duge tao ra. Cira sO thu vién ctaa Simulink du'm, th ro trén hinh

7.7.

 Library: simulink

I

Discrets Linear Honlinear Connecions

Blodksets & Simulink Block Library 2.2 .
Toolboxes Copynght (¢) 19901092 by The Mathivodks Inc ]

sha) 1
it

Sources

- | | N _r'
‘ ‘AY‘DV fint o s
|

h

Hinh 7.7 Cira s6' thee vién cua Simulink

Trong mo hinh nity ban ldy cic khoi sau tir cdc thu vién:

Thu vién cde ngudn tin hi¢u (Khai phdt song sin).
Thu vién cdc khai nhan tin hicu(Khoi hién thi).
Thu vien cdc him tuy&n tinh (Khoi tich phin).

Thu vién cic dau ndi ( Khoi chuyén mach).



M thu vién cdc ngudn tin hi¢u dé vao khoi séng sin. BE ma mot thu
vien ta nhdy kép vao né. Simulink s& hién thi mot ctra s chia 14t ca céc
khdi cta thu vién dé. Trong thu vién ngudn iin hi¢u tat ca cdc khoi déu la
ngudn tin hi¢u. Thu vién nguodn tin hi¢u duge th¢ hi¢n nhu hinh 7.8.

oooo
Constant Zignal Step
Generator
7
/b Yy
Ramp Sine Wave Repeating
Sequence

i Discrete Pulse  Pulse Chirp Signal
© Generator  Generator

(jlj)} 1224 s

Clodk Digital Clock
untitled matf> [T.40) })
From File From
Wokspace

A b iy}

! Random Uniform Random Band-Limited :
: Number Humber Wiihite Noise

Hinh 7.8 Cua 56 thu vién nguon tin hiéu

Nguoi sir dung thém khéi vao mo hinh cta minh bang cach chép khéi
do tr thu vién hay tr mo hinh bat ky nao khdc. Trong vi du ndy ban cén chép
khoi phat song hinh sin. Bat con tr6 trén khoi an va gitt phim chuot, kéo
khoi 161 ctta s6 mo hinh. )
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n B

Constant Signal Step
Gene T

L4 (B M

Ramp Sikelave FRepeating
Sequence

m @ [

Discrete Pﬁlse Fulse Chirp Signal
Generator Generator

o [=}

Clodk Digital Clodk
lunlilled.ma+ [T.Ju &:
From File From
okspace

[ S

Random Uniform Random Band-leliedg
Humber Number White Noise

Hinh 7.9 Copy khéi sin vao mo hinh

Khi di chuyén khdi, ban ¢6 thé thay khoi va tén ctia n6 di chuyén cung

vdi con (ro.

Hinh 7.10 Khéi va tén khoi di chuyén cing con tro
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Khi con (r6 tGi noi ban can dat khéi trong mo hinh bang céch nha
phim chudt, mot ban copy clia khai phét hinh da & trong mo hinh cta ban.

.r )

Sine Wigve

Hinh 7.11 Ciia s6 mo hinh khi dd copy khéi sing sin
Theo cdch nay chép nhimg khoi con lai vao mo hinh. Ban ¢6 thé di
chuyén khai trong mo hinh st dung ky thuat nhu khi chép khoi, hoac ¢6 thé di
chuy¢n khai trong khoang nhé bang cich chon khéi va an cde phim mii tén.
Véi tat ca cdce khai da chép clia s6 mo hinh s& duge hién thi nhu trén
hinh 7.12.

s untitled

&
| B8 W6
| )’r hux D
Sine Wave ;
1 My Scope
F
Integrator

Hinh 7.12 Cita 56 mé hinh véi cdc khoi dd copy
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Néu xem ky timg khdi, ban thiy ddu > & bén phai khéi sin va dau > &
ben trai khoi MUX. Dau & ddu ra mot khai 1d edng ra, & ddu vao mot khoi la
¢Ong vao. Tin hi¢u di i ddu ra mot khéi tGi dau vao khéi khédc theo mot

dudmng noi. Khi mot ¢ng da duge ndi thi bidu tugng cla cong cling mat di.

Input port ——pp ! , p— Output port
s
Integrator

Hinh 7.13 Pau vao va ra ctia mot khoi

Kh6i MUX ¢6 ba ¢6ng vao nhung chi ¢é 2 tin hi¢u vio. D¢ thay déi s6
c¢dng vao ciia khai ban m& khoi MUX bing cach nhdy kép trén khéi va thay
déi gid tri thong s& " Number of Input” bang 2. Sau dé an phim Close,

Simulink s& didu chinh s& cdng vao theo gid tri nhap cla ngudi st dung.

Block Parameters: Mu

Hinh 7.14 Ciia s6 thong so khoi MUX

Bay gidr ta ¢6 thé ndi cic khoi lai vdi nhau. biu tién hay ndi dau ra
khoi phat sinh tin hi¢u tGi ddu vao trén cia khoi MUX. Cong viée duge thuc
hién bang cdch dat con trd 16i ddu ra ctia khdi sin, I d6 con tr6 s& thay déi
thanh mot ch thap nho.



1\

Siﬁe Wave 7
: f
Integrator

M

—
husx

Hinh 7.15 Cika s6 mo hinh trudc khi noi ddy

Giir va kéo chudt i ddu vao ciia kh6i MUX. Chd y dudng 1a nét dut

khi phim chudt van gitr va con tro s¢ thay ddi thanh chit thap kép khi né lai

gan khoi MUX.

Sine Wave
e [
5

Integrator

Soope

Hinh 7.16 Cia sé mo hinh khi dang néi day

222



Ban ¢6 thé n6i bang cdch nha phim chudt khi con trd & bén trong khéi.
Khi d6 dudng n6i s€ ndi vao cng gan vi trf con trd nhat.

o

.4 until_l__ed

U Mz |:|

Sine Wawe

T - Soope

£
Integrator

Hinh 7.17 Hinh sin néi vao ddu trén khéi MUX

Phén Ién cac dudmg ndi di tir ddu ra cha khéi t6i ddu vao cta khéi
khéc. C6 dudng ndi tir mot dudng nao d6 di t6i déu vao ciia mot khéi goi la
dudng r& nhanh.

V€ dutmg ré nhdnh c6 su khdc bigt nhd so véi vé dudmg n6i chinh. BE
n6i dudng da cd, hdy thuc hién theo céc bude sau:

1. Dat vi tri con trd & trén dudmg cin ré nhénh.

-
\_ U k5 o Mux :I
Sine Wave
N 1 Mux Scope
Integrator

Hinh 7.18 Con tro ddt vao diém cdn ré nhdnh
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2. An va giit phim Ctrl, dn va giit phim chuot kéo con trd t6i déu vao
cua khoi.

A N
l hl o e A E]
Sine Wave b
l_ h Scope
Integrator

Hinh 7.19 Néi cdc khoi

3. Nha phim chuot, Simulink s& v& mot dudng tir diém bat ddu t6i
¢Ong vao cua khoi.

Integrator

Hinh 7.20 Puong néi ddy ré nhanh

K&t thic viée ndi day, mo hinh duge hién thi nhu trén hinh 7.21.
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Integrator

Hinh 7.21 Ciia s6 mé hinh khi ta da ve xong

pe dé hién thi tin hi¢u ra vd chay mo phong
t thong s6 mo phong bang lénh Parameter
oi thoai xudt hién. Chd ¢ Stoptime dat 1a

Bay git ta m@ khoi Sco
trong 10s. Pau tién ta phai da
trong menu Simulation, hop h
10.0s.

na Simulink

Hink 7.22 Haép déi thoai Parameler ¢
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DE déng hop d6i thoai Simulink Parameter ta n phim Close.
Simulink s& dp dung cdc thong s6 do ta dat va déng cira s6 hoi thoai.

Chon Start trong menu Simulation vi xem su thay d6i clia ddu vao
khoi hién th.

Hinh 7.23 Cua 56’ hién thi tin hiéu ra khéi Scope

Dé luu mo hinh nay s dung I¢nh Save trong menu File va nhap tén va
vi tri cua file. File ndy chita cdc mo t4 ctia mo hinh.

DE két thic Simulink vi Matlab, chon I¢nh exit Matlab trong menu
File hoac dénh 1¢nh Quit trong cira s6 I¢énh Matlab. N&u ban muén tho4t
khoi Simulink ma khong thodt khoi Matlab hay dong tét ca céc cira s6 cia
Simulink.
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