PGS.TS. NGUYEN THUONG NGO

LY THUYET

HE PHI TUYEN-
HE NGAU NHIEN

*e . ® . 'J‘:‘: <
% v G Z
i g+ S
/ 2 "..“
4 R: &%
"* ¢ ‘. ..
% - -
.3 ‘i“a
¢ ¢ e

NHA XUAT BAN KHOA HOC VAKY THUAT =~ %



PGS.TS NGUYEN THUONG NGO

Ly thuyét
PIEU KHIEN TU DONG
THONG THUONG VA HIEN DAI

Quyén 3
HE PHI TUYEN - HE NGAU NHIEN

(In lan thir 3 c6 chinh stta)

NHA XUAT BAN KHOA HOC VA KY THUAT
HA NOI - 2009



LOI MO DAU

Didu khién tu ddng cd lich s phit trién tit trude Céng nguyén, bar diu ti
déng ho nudc cé phao diéu chinh ciia Ktesibios 6 Hy Lap. Hé didu chinh nhiét
d¢ dau tién do Cornelis Drebbel {1572-1633; nguii Ha Lan séng ché Hé didu
chinh mitc dau tién la cia Polzumov nguvi Nga (1765). Hé didu chinh téc dé
duge ung dung trong céng nghiép dau tien la Jame Watt (1769).

Thoi Ry truce nam 1868 la thoi ky ché tao nhitng hé ty dong theo tryc
gite. Cac cong trink nghién ciu Iy thuyét bat dau tit Maxwell, dé ¢gp dén dnh
hudng cua théng sd dot vdi chdt luong cia hé, I A Vysnhegradskii véi céng
trinh todn hoc vé cde b6 didu chinh.

Thé chién lan thu Hai doi hoi sy phat trién vé Iy thuyét va ing dung dé
c6 nhizng may bay ldi tu dong, nhitng hé didu khién vi tri cia cdc logi phio,
diéu khién tu dong cdc rada v.v... Nhitng ném 1950, cac phuong phép toan hoc
va phan tich dé phdt trién va dua vao ung dung nhanh chong. O My thinh
hanh hudng nghién citu lrong mién tan s6 vdi cde cong trinh ung dung cia
Bode, Nyquist va Black & cdc trung tam thi nghiém dién tin. Trong khi dy, d
Lién X6 (cii) ngu tri linkh vie Iy thuyét didu khién va ung dung trong midn thoi
gian.

Tit nhitng nam 1980, may tinh s6 bat dau duoc st dung réng rdi, cho
pheép diéu khién véi dé chinh xde cao che déi tuong khic nhau.

Vou sy ra doi cia vé tinh, thoi dai vit tru bat dau, cée hé didu khién ngay
cang phiic tap hon va doi héi chat luong cao hon. Céc phuong phép ctia Liapunov,
Minorsky cung nhu Iy thuyét diéu khién toi uu hién dai cia L.S. Pontryagin
(Lién X6 ci), cia R.Belman fMy) ¢6 y nghia rdt lon. Cac nguyén tdc diéu khién
thich nghi, digu khién bén vitng, diéu khién mo, cac "hé thong minh" vu... ra
din va duge p dung 6 hidu qud vao thuc tién.

Ré rang la trong viéc phan tich va t6ng hop cdc hé didu khién hién nay,
viée su dung déng thoi mién thn 6 va mién thol gian ld can thiét [22]

O Viét Nam, tir nhitng nam 1960, Ddng va Nha nude ta dd quan tam dén
vide dao tao cén b6 va nghién ciu khoa hoc trong linh vice niy.

Hién nay cong nghé tu dong la mét trong nhitng huong phat trién cong
nghé mii nhon cia ddt nudc trong thé ky 21. Nghi quyét 27 CP ctia Chinh phi
vé Chuong trinh Tu déng hoa Qudc gia dd khing dinh vai tro quan trong ctia
nganh céng nghé nay.



Nhitng céng trinh cong nghiép lon va trong diém hién nay déu duoc ty
dong héa ¢ mitc dé tuong doi cao va chii yéu do nude ngoai dim nhiém. Dé
lam chit dugc cae cong nghé moi nay, cin bé ky thugt khéng nhitng phdi cd
khd ning st dung 6t ma phdi cé kién thic cin thiét va chuyén tom nghién
citu, ung dung dé c6 thé theo kip nhip diéu phdt trién chung cua thé gidi,

Mang Internet ngay cang duoe sit dung rong rdai cho viéc phé bién nhiing
kién thuc méi, cho viéc hoc tdp, nghién cttu. Tuy nhién khong phdi bdt ed ai,
d dau cing cé thé su dung cd hidu qud, nhdat la viéc hoc tap, nghién ciu nhiing
kién thite co s6 mot cach c6 hé thong.

Cong cu dé didu khién ti déng khéng ngitng doi moi va hoan thién, nhung
nguyén ly co bdén vdn khong thay doi dang ké. Tuy nhién cho dén nay, cdc tii
liéu vé nhing vdn dé da néu vén con it, nhitng diéu trén da thic bach tac gid
hién soan b3 sich nay. Bé sach gdbm bén quyén ; Quyén 1 "Ly thuyét didu khi€n
ur ding - Hé tuyén tinh® da xudt bdn nam 2001 ; Quyén 2 - "Ly thuyét didu khién
te déng thiong thurirng va hién dai — Hé xung 56" xudt bdn 2003 ; Quyén 4 —"Hé t6i
teu, Hé thich nghi - ¢6 tén la "Ly thuyét digu khién tw dong hién dai” da tai bdn nam
2000. Doy la quyén 3 — "Hé phi tuyén, Hé ngdu nhién". N6i dung sdch gém hai
phan :

Phén A - Hé phi tuyén : Néu cde dde diém cia hé phi tuyén, str dung cdc
cong cu khdo sat va téng hop ¢ hé tuyén tinh néu lén cac phuong phap thich
ung vdi tinh phiic tap ctia chiing. Cde hé xung phi tuyén, tong hop cde hé phi
tuyén trong khéng gian trang théi v.u... ciing duge dé cap ¢ day.

Phiin B - Hé ngdu nhién : Néu mét s6 ddc tinh thudng gap J tin hiéu
ngdu nhién, dé cgép dén viéc phan tich va téng hop cdc hé nglu nhién tuyén
tinh va phi tuyén, hé ho va hé kin,

Trong méi phan cia cudn sick déu cé huong ddn st dung mdy tinh dé
mé phéng, dua ra cte vi du ting dung va nhidu bai tap ¢6 chi dén cin thiét
dé di dén dap an.

Sdch dé cap nhidu vdn d&, néu nhidu vi du thuc té, nhidu bai tap voi dap
an day du va duge ding lam tai ligw hoc t4p, tham khdo cho sinh vién, nghién
ctu sinh va can b4 khoa hoc ky thugt. Sdch mdi in lin diéu chic khong tranh
khoéi sai sét, mong ban doc gop y kién d€ lan tdi bdn sau duge hoan thién hon.

Tac gid chén thanh cdm on edc ban dong nghiép, cde cén bo thuoe
Nha xudt bdin Khoo hoc va Ky thudl ddé giup dé thiét thyc dé hoan thanh
duge b6 sich nay.

Téc gia.
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Phan A )
HE PHI TUYEN

Chuong 1
KHAI NIEM CHUNG

1.1. DAC PIEM CUA HE PHI TUYEN

Cac hé tuyén tinh da duge khao sat tinh chdt va dac di€m cfa ching
trudc day, néi mft cach chinh xéc, 14 nhing mo hinh ly tudng cua nhitng
hé ty dong trong thuyc t& Hé tuyén tinh nhu "nhiing hdon ddo nhd giira
dai duong khong bo bén" cua cac hé phi tuyén,

Khi khao sit cac hé tuyén tinh, do dai da s phdn tit cua nd la
phdn ti tuyén tinh, cho nén viéc phan tich vad téng hop theo phuong
phdp tuyén tinh chi dung trong nhitng diéu kién nh&t dinh. Chi cdn mot
phan tu trong cd hé 1a phi tuyén thi hé phai duge xem la phi tuydn. He
phi tuy&n tén tai dudi hai hinh thde. Mot 1a cdc khau phi tuyén cd sdn
trong hé diéu khién da duge xem 1a tuyén tinh. Mot khuéch dai dién td
hay ban din duge xem la phdn td tuyén tinh vAn cd ving kém nhay va
bdc hda cho nén xét cho cung cing la mot phdn ti phi tuyén. Hai la
cac khdu phi tuyén dugc ngudi thigt k&€ dua vio nhdm dat duge mot ché
dé hay chdt lugng mong mudn.

Vi vAy ecan thigt phai biét tinh d&n &4nh hudng cita nhitng phdn tu
phi tuy&n déi véi hé, bist dén dic di€m, tinh chdt cia hé phi tuyén ndi
chung cing nhu cdc phiin t¥ cla nd ndi riéng d€ o dugc mot hé didu
khi€n mong muén.

Dac difm quan trong clia hé tuyén tinh la nguyén Iy xép chong (xép
chéng nguyén nhan va hau qua). O hé phi tuyén nguyén ly nay khéng
ton tai : Khi cd mot tdc dong phic tap ddi voi hé, thl qua trinh cla he

11



khong th€ duge xem nhu téng hgp cia nhitng qud trinh ti cac thanh
phdn riéng lé cta tdac dong phuc tap 4y tao nén. Diéu nay cling han ché&
kha n#éng 4p dung nhitng cong cu todn hec quan trong vac cdc hé phi
tuyén nhu bién d8i Laplace va Fourder.

Heé phi tuyén da dang va phic tap hon nhiéu so v6i hé tuyén tinh.

Né&u & hé tuyén tinh, hé khong dn dinh, ¢d bién d¢ ngay cang tang
la khong th€ chdp nhan duge thi ¢ hé phi tuy&n, vdn dé 6n dinh dugc
dat ra thec cdch khde. Mot s6 hé phi tuyén ma ché d¢ ty dao dong (dao
dong v&i bién 46 khong ddi) lai 1A ch& do binh thuong ctia hé,

O heé tuyén tinh, 6n dinh la trd vé trang thai can bang ban ddu khi
mét tdc dong kich thich ti bén ngoai. On dinh nhu th& la dn dinh tiem
cgn hay on dinh toi mét diédm, cd thé€ thich hgp ddi voi ca hé phi tuyén.
O he phi tuyén thudng ding khai niém 6n dinh & mot vang, dac trung
cho sy trd vé mét viung dinh trudc nao dd cia hé, khi tde dong i ngoai
vao gidm ddn dén khong.

Khi danh gia vé ca hai dang dn dinh néi trén, ngudi ta dung on
dinh trong pham uvi bé, phgm vi Idn va trong toan bo. Nhitng khdi niém
vé &n dinh khdc nhau & hé phi tuyén sé duge lan lugt dé& cap dén & cdc
chudng sau.

Cong cu todn hoc dé phan tich cac hé phi tuyén cing mang tinh
chdt c4 biét, vi nhitng hé phi tuyén khdc nhau duce mé tA bang nhiing
phuong trinh dang khac nhau. Do dd sy phdc tap trong viée don gian
cic phuong trinh vi phan phi tuyén la & ché tim ra nhing phuong phédp
gin dung d€ danh gia vé tinh chit cua qua trinh xay ra trong hé ; trong
dd cdc dac tinh phi tuyén clia ciac phdn ti thyc duge thay thé bang cdc
dac tinh phi tuyén gdn nhu ly tudng, bdi tinh chidt cta cdc phdn tit phi
tuyén cing nhu bdi phuong phap phan tich hé la phuong phap géan dung.

Nhu vay viée phan tich cde qud trinh & hé thuc ¢6 hai bude xdp xi :
buée mot la 1ap cdc phuong trinh vi phan phi tuyén dé mé tid gan ding
hé va budc hai la gial gan dang cac phuong trinh iy,

Néu & bude moét tim duge nghigém chinh xdc cna cdc phuong trinh
xdp xi thi dude goi 14 cdch gidi chAinh xde bai toén, cdn ndu ca hai bude
déu la gin ding thi d6 12 cach gidi gin ding bai fodn,

DéE gidi cdc phuong trinh phi tuy&n, ngoai cdc phuong phdp giii tich
va dé thi, ngay cang phd bién phuong phip ding may tinh s6 dé md

hinh hda va tim ddp s0 cua bai toan dya vao cic phdn mém ngiy cang
hoan thién nhu MATLAB.

12



1.2. Vi DU VE HE PHI TUYEN

1.2.1 HE TU PONG ON DINH BIEN AP MAY PHAT MOT CHIEU

O hé tuyén tinh [19], nhiéu d6i tugng diéu chinh nhu mdy phat,
dong ca, cdc thiét bi bay v.v.. dd dugc xem nhu mét hé tuyén tinh néu
cic hé dy lam viéc & lan can ch& d% dinh miic. O cac hé co hee, cac
hién tugng phi tuyén tinh chd y&u nhu ma sdt, anh hudng clia cdc khe
hg, d6 nghén, gdi ti trong chuyén dong cia hé déu khong tinh dén. Nhung
néu tdc doéng cha nhidu la ddng k€ hoac khi cdn nghién ctu chi tiét eac
qui trinh xdy ra trong hé thi c4n tinh dén nhitng dic tinh phi tuysn 4y.
Ta hday xét mét hé 8n dinh dién 4p mdy phdt dién moét chidu lam vi du.

Néu tinh dén tinh chat 2T N s,
phi tuyén clia may phat va B! 7@ 'jht,
khuéch dai (KD) thi phuong oy
trinh cia hé tuong ng véi

hinh 1.1a vA qudn tinh cta
khuéch dai KD s& cd dang
sau ¢

du,
k}’x = Ll.x + T\’ dt ;
Ugg = Ug () ;
Uge = Fpigt wk—dt
de,
= Iplg T Tk‘E;
ey = by =ernind;
) ddy;
e = T + Vi3t
deg
= i =+ T _
Fely g’

e = a®; = eflrdy);
up = e - oripy

X = EO - kU{ Illl'all




ma T, = wy/a, Ty = wya;, Cdac ky hiéu i- dong dién, u- dién 4ap,
x- chénh léch dién‘ép, e~ sic dién dong, &- tu thong, r— dién trd,
T- hang =0 thoi gian, w— s6 vong day ; a, k- hé s6 ty 1& ; cac ky tu Kk,
f, vy, t tuong dng v&i cdc dai lugng v& kich tlt, may phat, khuéch dai,
tdi. O hé phuong trinh nay, cdc méi quan hé phi tuyén ugluy), e lrig),
efrd,) dugc md ta bing d6 thi (hinh 1.1b,c,d). O day ti du cia may
phat cing khong tinh dén nén cdc diac tinh phi tuyén déu don tri. So dé
cfu trae nhu & hinh l.le va so d6 graph nhu & hinh 1.1f

Toan td bién d8i cde quan hé tuyén tinh thé hién dudi dang ham
truyén dat, con cdc quan hé phi tuyén tinh - bing mét ham nhu ‘0 hinh
1.1f. Dé md tA c¢dc qua trinh trong hé, ngudti ta diung cdc so dé khoi
cing nhu so d6 graph tin hiéu.

1.2.2 HIEU CHINH PHI TUYEN CAC HE LIEN TUC

Nhu da néu, viéce dung cac phdn td phi tuyén trong cdac hé diéu
khién cho phép néng cao chét lugng cha hé. Vi du & cdc khau ki€u role,
cidc b0 bhign d8i chie nang nhiéu ddu vao, & may tinh vdi cdc bd bién
d8i tuong ty-s6, s6-tuong tu v.v.. Ta hay khdo sat tac dung cua khau
phi tuyén lam chdic niéng hiéu chinh d6i v6i hé lien tuc thong qua viec
ddnh gid ham qud d6 d6i vdi hai héd s¢ khuéch dai khic nhau.

Khi hé s6 khuéch dai (K) lén, qua trinh mang tinh chit dao dong,
lugng qua didu chinh
ldn nhung thdi gian
dap dng t;, bé (dudng
h; & hinh 1.2a). Nguoc
lai, khi (K) bé, qua
trinh mang tinh ch4t
phi chu ky, lugng qus
didu chinh bing khong

/

;}!
h*"
A

2

hA
1(¢) /!

a) o

nhung thdi gian dép

FE) eon X [* z het)
ung 16n (dudng h,). 7—% W(s) 1 =

Khi sai léch 1én,

b)
dung hé s8 khuéch dai R
lén sau do giam dan Winh 1.2.
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khi gidm sai léch x = I1(t) ~ hit), ham qua d& nhu dudng h’. Nhu vay
dung khau khugch dai cd hé s6 khuéch dai thay ddi nhu & hinh 1.2b sé&
cf chét lugng t6t hon.

1.2.3 HE TUY PONG DUNG MAY TINH DIEU KHIEN

S0 ddé chic nang cia hé tuy déng ding mdy tinh d€ didu khién nhu
4 hinh 1.3a ma nguyén tic hoat déng dd néu & $II-2 [20].

So d6 khéi tuong dugng nhu & hinh 1.3b ma d hinh 1.3a 1a so d6
chite nang. May tinh ¢ day lam nhiém vu so sanh tin hiéu vao x va héi
ti€p y. D/A va AD 1a cac bd bién d6i sé-tuong tu va tuong tu-s6. Co
cdu bién d8i tuong tu-sd bién dfi tin hiéu vao x thanh s8 x(k) cho nén
PT; xudt hién & diu vao cia so d6 khdi ¢ hinh 1.3b, K- khuéch dai, DC-
dong co chdp hanh, BT- bién tdc.

Khi ndi v&8 hé xung, tin hiéu gidn doan y(k) va e(k) da dugc lugng
t hda theo thai gian va hé van la tuyén tinh, nhung néu dé cap dén
lugng tu hda theo mic d€ cd nhitng dai lugng rdi rac ma bd bign ddi
A/D thuc hién thi d6 134 hé phi tuyén. Dic tinh tinh ctia phén ti nay co
dang b&c thang nhu & hinh 1.3¢ trong dé q tuong dng vdi moét lugng tu
cta tin hiéu ra y cta hé. Tin hidu dua vao mdy tinh x(k) o6 thé xem
la két qua cha sy bién ddi tin hiu vao lién tuc x(t) qua phdn ti bién

~ ¥
c
x (k) eck) Tm_-.:

4, . BT |5+
a¢ H
[}

Pr3 P4
2 | -
7H o A
Prz

§ I

: ' ! ' L
C) S I [ N
a5q 15g 159 I8¢ 459
Hinh 1.3.
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d6i A/D ¢6 dang bac thang, nén & so d6 tuong dudng cia hé tay dong
dung may tinh diéu khién cd hai khau phi tuyén : PT, va PT,. Phén
tuyén tinh cta hé, ngoai déng cog con phai tinh d€n co cdu dinh hinh va
phan ti xung. Trong hé thuc, khuéch dai KD con cd chic nang han ché,
con bd bién tée cd dd "rg” nhit dinh do khe hd tao nén. $ hinh 1.3b
cdn cd hai khau phi tuyén PTy; va PT,, do d6 hé tuy doéng dung mady
tinh diéu khién 1a mot vi dy vé hé xung phi tuyén.

Cac vi du trén cho thdy hé phi tuyén t6n tai dudéi hai hinh thic :
tinh phi tuyén cd sdn & mot s6 phdn td cha "hé tuyén tinh” hodc do
ngudi thiét ké dua vao dé nang cao chét lugng diéu khign. O cac hé téi
uu va thich nghi [18] thudng khéng thé thi€u cac phdn td phi tuyén.

13. CAC KHAU PHI TUYEN DIEN HINH

Céc khau phi tuyén thudng gap rdt da dang. Ding ham z = z(x) dé
mé td méi quan hé bhin diu ra z 13 ham cia moét bién ddu vao x, cd
dac tinh phi tuyén ma bién ddu ra z phu thufe nhidu bi€n ddu vio x.
Trong trudng hgp nay diung phuong phap bién ddi so d6 khdi d€ dua vé
dang thong thudng : mét vao mot ra.

Khau phi tuyén cé thé phan loai theo :

1. Tinh d&i xing

Dic tinh phi tuyén 1a dfi xing néu :

z(x) = z(-x) (1-2)
Dac tinh phi tuyén la khéng d8i xing néu :
z(x) = -z(-x) (1-3)

2. Tink tron

Bét cf di€ém naoc cia dac tinh z(x) cing tuong ing véi mot dao ham
dz/dx thi dic tinh duge goi la tron. Nguge lai néu ¢d difm gay khic, dao
ham dz/dx sé gian doan vA didc tinh 4y khéng: tron. Trong thuc t& thudng
gap nhing dac tinh tuyén tinh ting doan, ho#c dac tinh phi tuy&n tron
nhung duge tuyén tinh hda ting doan d€ don gian khi khao sit.

3. Tinh don tri

Né&u mét dai lugng cha x dng véi mdt dai lugng cda z, dic tinh la
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don tri nguoc lai mot dai lugng clla x dWng vdi hai hoic nhidu hon dai

luong cia z, diac tinh 4y 1a da tri

Hay xét moét s6 khau dién hinh thudng gip.

1.3.1. NHUNG KHAU €O PAC TINH PON TRl VA LIEN TUC

1.3.1.1. Khiu o6 vang kém nhgy

Cac mach khué&ch dai
dién td, tw, thuy lue khi tin
hiéu vao nhé s& cé ving
kém nhay nhit dinh.

Mo hinh co hoc gian
don cta khiau kém nhay nhu
d hinh 1.4b. Hai truc néi
nhau ¢é 1o xo trd truc bi
didn vé vi tri trung tinh v&i
truyén doéng cd khe hd cd db
rong 2x,.

Dac tinh tinh cna khau
duge ma td bang phuong
trinh sau

0, [x] = x
z=1kix-x), x > x, ;' (1-4)
kix+ x)), x < x,
1.3.1.2. Khdu han ché
(bdo hda)

béac tinh khau han
ch& nhu & hinh 1.5a. Hau
hé&t cdc khau khuéch dai
dién t&, dién td, thay luc,
khi nén déu od han ché
vé mat cong sudt khi tin

hidu vao 16n.

AL
—K&y )I_“
/]
a)
7 \f/\’
/
b)
Hinh 1.4.
TZ

)

Hinh 1.5.



M6 hinh co hoc cia khau han ché nhu & hinh 1.5b, la méi lien hé
hai truc biang 10 xo & ddu vao va vung han ch& hay diém tua & van bi
dan. Dac tinh cua khau dugc mé td bing phuong trinh sau :

ky , x| < xp ;
z={ ’ (1-5)
zpsingx , |x| > x,,.

1.3.1.3. Khau han ché c6 viang kém nhay

Khau nay la két hop cua hai dang phi tuyén ndi trén nhu 3 hinh
1.6a. M6 hinh cta phdn ti nay la bién dp nhu & hinh 1.6b. Dac tinh
cia khau han ch& cé vung kém nhay nhu sau :

0, x| = x, ;

k(x - x,), x5 > x > x, ; (1-6)

2

kix + xb),—:{) <ix < =X

zpsignx,  [x]| > xy

Hinh 1.8

1.3.2. NHUNG KHAU CO PAC TINH PON TRI VA GIAN DPOAN

1.3.2.1. Khau ki€u role hai vi tri

Khi médun cta tin hiéu vao |x| < x,, role hd mach (nhu & hinh
1.7a) nén khoéng thé ndi gi vé dién 4p & ddu ra z va khéng c6 méi lién
hé¢ gi gita ddu ra va ddu vao. Khi |x| > x,, dai lugng z sé ¢S tri s6
+2, hay -z, tuy thudéc vao ddu cta x. Do d¢ :

z,signx, x| = x ;

®~ | Khong tén tai khi |x| < x,

(1-7)

Nhiéu khi role hai vi tri dugc xem nhu ro le Iy tudng véi diéu kién
X, — 0 nhu & hinh 1.7c.
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! z
Zs
i
-X‘.J, i }.—X
!
_z et
b
a)
fx‘, —X&
EX
| vz
rZs -z
b) O
4
z‘ —
X
— — 'Z&
)
Hinh 1.7

1.3.2.2. Khdu kiéu role ba vi tri

Dac tinh role ba vi tri khong k& dén tit du cia né nhu & hinh 1.8a.
Dac tinh duge mé tad boi :
z,signx, x| = xp ;
z= 0 H |X| < xa H (1_8)

Khong ton tai, x, < [x]| <x,.

AZ
ZIé ______ —
i
I X
—+ : >
‘sz e’ K X
N (y—— -zb

Hinh' 1.8
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Mé hinh cta bién 4p nhu & hinh 1.8b tuong dng véi dac tinh trén.
Trong khi khao sat, role ba vi tri dugc mdé td4 nhu & hinh 1.8¢c tuong
ung voi hinh 1.8a v6i x, = x,.

1.3.2.3. Khdu bién d6i A-D

Thudc loai nay cé dac
tinh ctia bd bién ddi tuong
tu-sd cta phan t lugng ti

héa theo mic. Dac tinh mo
ta & hinh 1.9a. Khi do di a)
chuyén x cua con trugt la

lien tuc thi ddu ra cua bién

4p la nhiing dai lugng gian
doan Ung v6i su chuyén déi b)

dién ap mdi vong day nhu &

hinh 1.9b, Hinh 1.8

1.3.3. CAC KHAU CO PAC .TINH LUONG TRI

1.3.3.1. Khiu ki€u ro le hai vi tri cé tré

Trong thuc té& thuong thi dai lugng dién ap vao lam cho dién ap ra
cta role déi dau la khac nhau. D6i v6i role hai vi tri, diéu chinh déi
xitng, khi ddng ti€p di€ém theo mot huéng chuyén déng nhdt dinh cing
nhu khi d6i chiéu chuyén dong thi dién 4p vao va ra déu cung déi diu.
Dac tinh cta role hai vi tri ¢d tré nhu & hinh 1.10a vaA cd moé ta toan
hoc nhu sau :

+z, khi —x, < x < o

“1-3 khi w < x < +x, b T

Trong khodng -x, < x < x,, z cd hai tri s6 +z, va -z, tuy thudc
vao dai lugng cta x trude d6. Chuyén dfi cta x tit nhanh dudi lén dude
md tad bdi : x = x,, z = -z, dx/dt > 0 ; con khi chuyén ddi ciua x tu
nhanh trén xuéng-: x = %, z = z,, dx/dt < 0.

Role hai vi tri c6 héi tiép duong duge thuc hién bang khuéch dai co
han ch& nhu & hinh 1.10b. Trong khodng -x, < x < x, dudng chuyén
déi -z, < z < 2z, cd do nghiéng va thudng khoéng &n dinh. Do dé mac
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do khi -x, < x < x,, mdi tri s6 cia x tudng dng v6i ba tri s6 cua z
nhung chi ¢d hai tri s +z, vA -z, tuong dng v6i trang thai 6n dinh
nén dac tinh ¢ hinh 1.10b cing dugc xem nhu ¢ hinh 1.10a. Su tuong
duong iy dugec st dung d€ phan tich cac hé role.

z Az
4y €1 2y
— T
1 1
: 4 | A £
—1 = -1 s
a \lr : e : !
I ] _-zlé

Hinh t.10

1.3.3.2. Khiu role ba vi tri cdé tré

Khi tinh dén sy khac nhau cda dién 4p vao, dac tinh cta role ba
vi tri e6 tinh chit khiac nhau. Vi du néu chuyén di td z = 0 dén
z = z, x4y ra khi x = x, thi khi tré vé lai x4y ra khi x = x, nhu &
hinh 1.10d.

zpsignx khi x| > x,

o khi |x| < x,

(1-10

& khoang x, <|[x| < x, z o6 hai tri s8. Néu role dugc mic héi tiép bdi
khuéch dai ¢ ving kém nhay va bdo-hda (nhu & hinh 1.6a, thi dac tinh
nhu & hinh 1.10e. D€ cd dac tinh nhu & hinh 1.10d <6 thé dung so d6
dién nhu & hinh 1.10c gém hai rdle dién td R; vd R, ddu qua hai chinh
lvu By va B, Cic tigp difm cla role va R; va R, déng mach giita ngudn
dién 4p E; sac cho di¢n dp z cd tri s6 -z, (-E) bang khéng hay +z,
(+Ep tuy thugc vao tri s6 cla x nhu & hinh 1.10d.
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1.3.4. CAC KHAU CO DPAC TINH DA TRI

1.3.4.1. Khdu ki¢u khe hé

Dang phi tuyén thuong gip d cac hé truyén dong co khi 12 khe ha.

O hinh 1.4 véi khau ¢ ving kém

nhay n&u khéng cd 16 xo d€ trad vé

vi tri khong s& chi cdn don thudn la khau ki€u khe hd nhu & hinh 1.11.

g

(b

I e e
J/U/“- g
"xa ’ X

-kx, < v £ hx,

%

o

b .

-

*.’»

c)

Ma .saf Ahs

_%E,v)i

€

-

Hinh 1.11

Méi lien hé gita vi tri truc
Mé&i vi tri cia x tuong vng véi

din x va truc bi dian z khong don tri.
nhiéu vi tri cla z nidm trong giéi han

kix - x) € z £ ki(x + x,) tiy thudc vao vi tri cye dai hay cuc ti€u

cta z trudc dd.

Déac tinh khau khe hd duce
khi x > 0
khi x < 0
khi x > 0
khi x < 0

22
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Cac hé co khi ¢6 ma sit khd cing cf dang ddc tinh ki€u khe hé
nhu & hinh 1.11d.

Mémen M dugc cén bang bdi mdé men clia 10 x0 az (¢~ hé s6 ty 1¢)
vAd mdémen ma sit khd =*x, ma didu tuy thudc vao z. O he nay hugng
vao |4 moémen quay x = M va lugng ra z la gde quay cua truc :

x = M= az * x,
vii k = Ve
z = kix = x,) (1-12)
twong ung véi hinh 1.11b va hé phuong trinh (1.11). O day :
dz/dx = 0 khi |x - az| <x, (1-13)

Néu diung khau phi tuyén ¢(x, v} dé bién déi tin hiéu x va v thanh
z thi khau ki€u khe hd ecd so d6 khSi nhu & hinh l.1lle.

1.3.4.2. Khiu kifu g6i ti

Né&u thay 1o xo & khau han ch&€ (hinh 1.5b) bang b0 ly hop ma sdt
trugt (hinh 1.12a) thi cd khau kidu g&i ti. Trong hé co khi thudng cg
nhitng bé phan ma chuyén dong bi gidi han cid hai hudng khi bo phan
din dong chuyén dong khong gi6i han. O hinh 1.12a khi bi gidi han bai
g6i ti thi chuyén dong cia x van ti€p tuc do ch& do trugt ¢ bo ly hop
T khi mémen vugt qua gi6i ban ma sdt. N&u thay d8i hudng chuyén
dong clta truc chil dao, bé Iy hop T lai lam viéc va hai truc lien két co
hoc v6i nhau.

Mé&i vi tri cla truc dAn x tuong iUng vOi nhiéu vi tri cha truc bi
ddn trong giéi han -z, < z <€ z, va dac tinh cta khau ki€u gdi ti co
dang :

khii<0v&—zb<z£zb;
0 {khi:i>0ve‘1 z = zb ; (1-14)

khi x < 0 va 2z = —=zb,

e { khi x > 0 vA -zb € 2z < zb :

M&i lien he z va x theo (1-14) nhu & hinh 1.12¢. So d6 cau tric
nhu & hinh 1.12d.

Cé th€ xem md hinh cua dong co lai cd tiép di€m hanh trinh &
mach phin dng nhu 3§ hinh 1.12e 12 md hinh cua khau kiu gdi ti. Khi
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4 v
a, x -— -Z
157 b
&, b)
e . -
Z.-2, y X
N Ze=+Z -
1_*1:}/ e
127
,’LbL / x . F4 H Zz
) Wz, 2) 5 >
v X
J)
&
el Hinh 1.12

déng mach phan 1ng cda dong co bdi cong tdc hanh trinh HT; va di6t
D, téc do déng co z ty 1& vdi dien 4p u, nghia 1a z = ku. Khi trye
dong co quay dén difm ty, ti€p di€m HT, mdé va z = 0. Néu dong cu
ditng chinh xac thi cic m6i quan hé u = x va z (hinh 1.2¢c) va h¢ &
{(hinh 1.2e) mé td khau phi tuyén kidu goi ti.

So sanh dac tuydn cac khau kifu khe hd va géi ti ta déu thdy rang
khi thay d6i cd chu ky bién dfi x sé dan dén bién d8i cd chu ky cla z
va trén dac tinh z(x), m6i quan hé &y la duong khép kin. Cd diéu la dac
tinh ki€u khe hd (hinh 1.11b) eing nhu dic tinh role ¢ tré (hinh 1.10a)
thi duiing cong ngudc chiéu kim déng hé, dng véi :

$rax < 0. (1-15)
con diac tinh kidu gdi ti (hinh 1.12b) cing chiéu kim déng hé, dng voi
$ax > 0. (1-16)
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Vai ca hai dang dac tinh nay, khi hé s6 khu&ch dai 16n thi dac tinh
cang gin vdi dang hinh chii nhat.

1.3.4.3. Khau ki€u tiv tré

Khi khao sdt cdc bo nhé tir tinh, ta thdy la tré cd dang nhitng dudng
cong tuyén tinh timg doan va khép kin nhu & hinh 1.13a. Dic tinh <6
thé dugec mo t4 bdi hé phuong trinh :

(1-17)

z=y1(xixa);
zZ = ux + ¢

(s
e
X X {“
gy mm—r
b)

Hinh 1.13

ma -z, < ¢ < z, cOn uy, H, lA cdc hé s6 hing. Bén trong la trd, thy
thuéc diéu kién dau, z cd th€ cd nhiéu tri sé khac nhau trong mién tit
Z = pXx — 7, d6n z = pox + z, Khi gy — o vA 4, — 0 la tré oS dang

[

.

™

/

£

Hinh 1.14 Hinh 115 Hinh 1.16
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chit nhat nhu ¢ hinh 1.13b. Dac tinh nay khdc voi dac tinh kiu khe hd
khi k — = 14 gidi han cbha z tit -z, dén +z,

Trén day chi la nhing khau dién hinh véi dac tinh phi tuyén dang
tuyén tinh hay dugc tuyén tinh hda tling doan thuan tién cho viée khao
sat. Trong thuc t&€ thudng gap nhilng khau nhu khuéch dai phi tuyé&n
(hinh 1.14), khau la tré (hinh 1.15), hay dang bat ky (nhu dac tinh co
cia ddng cu xoay chidu & hinh 1.16) va nhitng dang phi tuyén khéec.

1.4. BIEN pOI SO PO CAU TRUC HE PHI TUYEN

Truéc tién ta hdy xét tinh chdt khong tuan theo nguyén ly x&p chéng
¢ hé phi tuyén bing vi du sau : Khau phi tuyén ¢ viung kém nhay
X, = * 1,2 V vA hé s68 khudch dai k = 1. Khau tuyén tinh cé ham

o
s+ 1

truyén dat Wis) =

Khi dat khau tuyén tinh truée khau phi tuyén, ta cd dap dng d6i
vOi tin hiéu vao bac thang don vi 1 V nhu & hinh 1.17a. Ngugc lai néu
dat khau phi tuyén truée khau tuyén tinh, bién dé tin hiéu vao 1 V la
quid bé chua vugt duge ngudng cia khau phi tuyén x, = *1,2 V d€ od
tin hi¢u ra nén ca hai khau déu khong cho dap dng. Nhu vay & hé phi
tuyén khong th& hoan vi khau phi tuyén tinh v&i kh&u tuyén tinh dong
hoc. Ngoai 1¢ 1a trudng hgp khau tuyén tinh la khau tré.

4 Z¢1) A¥(t)
lx(f) 5 —— 48
a) ey, o t /__—_r
rl f‘_
x(i‘)%. s | z(t) Y)
AX(L) s+7
Iw—-—:n-f | 1
b) xCt) -2/ 5
/ |.F,2 5+
Hinh 1.17
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Tuy nhién d€ don gidn khi khao sat, phan tich, vAn tén tai nhiing
quy tac nhAit dinh. ‘

Khi khdo sat tinh cic hé phi tuyén, cic tin hiéu x, z khéng phu
thudc thoi gian con khau tuydn tinh dude xem nhu khau ty l& Wi(D). Khi
khio sat, cde khau déu duge dinh hudng va viée ndi ching vdi nhau
khéng lam thay d8i tinh chit cua chung.

1.4.1. NOI TIEP CAC KHAU PHI TUYEN

Ciang nhu cic khau tuyén tinh, khi néi tiép, ddu ra cta khau nay
la dd4u vao cia khau sau (hinh 1.18} :
1 T {1-18)
Vi z; = fi(x) nén :
iy = filxy) (1-19}
Nhu vay gidi n phuong trinh dang (1-19) ta cé ham phi tuyén

z(x) = z,(x) cia n khau néi ti€p.

SLLN| N S GP | Bk NI BN EW I B Tk AN

Hinh 1.18

Xay dyng dé thi
f;5(x;) cida hai khau phi
tuyé'n f](xl} va fz{Xz) nhu o ‘lzf=X2
S 4 - Z,
d hinh 1.19. Khi xay é(x‘)r__{‘_«_f‘_“_ _____ A £ix)
dung, ding phan td thda | :
ba lam trung gian béng - 1: k "
dudng thing z,(z,), s& Z \\_ |
don gian héa viéc chuyén L | ‘e

' t

tit truc z, ¢ dac tinh

i |

\:‘ : | £, 0x,)
z,(x,) sang dac tinh "TJ{"“"ITH_{_ i ;:
z,(x,). Bang cach dd, sau z, §4_____::}7'

[l
—p————f -k

n ldn ta cd dac tinh

z(x)) = £ (xy). Trong
thuc t&€ ngusi ta di dén Hinh 1.19



két luan 1a trong nhiéu trudng hgp dic tinh cudi cung sé thay déi nhiéu
vd ¢d khi trd nén don gian : Hal khau nghich ddo nhau néi tiédp nhau
8€ tuong duong voi moét khau tuyén tinh ¢d hé s6 khusch dai bang 1 :
ffx)] = x, (1-20)
Trudng hop nay cd thé€ hoan vi chung v6i nhau va chi ding khi diac
tinh phi tuyén cta mdéi khau la don didu va khéng cd doan thing nam
ngang hay thang ding.

1.42. NOI SONG SONG CAC KHAU PHI TUYEN

Néu nédi song song n khiu vdi nhau thi tin hidu vao

X = X = X = .. = X, (1-21)
con tin hiéu ra
n
z = fx) = 2 fi(x) (1-22)
i=1 '
zzl
2,1
~
XY
+/
.
3
5 : %
al b) X,
lz:Z,—#Zz
X z
i X
¢} J Ker  Kaz
Z=2;. —Zz
x + z
i ', )
L ;
4) % %p N
Hinh 1.20
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Nhu vay dic tinh cia n khiu
phi tuyén néi song song cd duge
bang cich cong toa do cdc dac tinh
phi tuyén thanh phé&n. O hinh
120,a,b la dac tinh phi tuyén cua
hai khau z;(x;) va z,(x,) cdn hinh
1.20,c,d 1a so0 46 khdi va dac tinh
tuong dng. Khi néi song song hal
khau phi tuyén, co th€ cd két qua la
mét khau tuyén tinh vdi hé so
khuéch dai bang 1 goi 12 khdu b6 sung cho nhau :

f0) + Hx) = x (1-23)

Hinh 121

X X
hay fix) - 5 = 5 — B (1-24)

O hinh 1.21, diéu kién (1-24) ¢6 duge néu a = b, D6 1a didu kién
déng cach theo truc z déi véi dudng thing z = x/2.

1.4.3. MAC NGUOC CAC KHAU PH! TUYEN

Ttrusng hop hai khau phi tuyén mic nguge nhau nhu d hinh 122,
phuong trinh ddng mach c¢6 dang :

X = x (%) 7 (1-25)
ddu (-) dng vdi héi ti€p am. Vi : Te| £ 0% ) | L% z
Z = Z; = X (1-26) L——
nén tir hai phudng trinh trén ; £Cxy) X
X = f]_l(z) (£) f5(z) (1-27)
O bidu thic (1-27) ddu (+)
ing véi héi tiép am. Hinh 1.22

Néu dac tinh f(x;) va f;(x,) nhu ¢ hinh 1.23,a, b, d€ ¢ z{@) cin
x4y dung f|(x; = z{x), fz_l(zz) = z(z;), sau do cbng dai s6 theo hoanh
cde dai lugng 4y voi nhau nhu & hinh 1.23c.

Vi du I-1.

Dac tinh phi tuyén z; = f,(x;) ¢ dang 14 mét khau han chd e ving

kém nhay v4i héi tiép am (hinh 1.24a) vad duong (hinh 1.25a) bing hé s&

khuéch dai k, Hay vé& dac tioh cta hé cho hai trugng hgp trén.
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z,‘ 2 ~f

z,
;T £ }:(X;) }; I’Z‘J

i . f2a)

: £ix) z, | =’ i

£(%) ) .
X
% 4 A
Z Z;,X X.f
a) b) c) ’
Hinh 1.23

Dac tinh héi tiép la
tuyén tinh 2z, = Kkgx, hay
Xy = zzﬂ{o, Trong trutmg hagp
héi tiép am, dac tinh phi
tuyén chung 1a don tri, co

han ché va ving kém nhay,
pham vi tuyén tinh duge md
réong tu x, — x, dén x,; - x, LA
voi x, = X, + zpky Trutng E R B Y
hop thd hai (hinh 1.25a), s

dac tinh chung vdéi b5) 7
Hinh 1.24

kyz, > x, — x, 56 da tri va
gidng voi dae tinh cda role

XZ;:ZZ/&’
1\2 -
e
4
s
4 Z A 4
STRALY.
- %, AN«
: 4 —
; A
/ /7 %2 % g
¢
g
s
'
a) b)
Hinh 1.2%
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Chuong 2
TUYEN TINH HOA

2.1. PHUONG TRINH HE PHI TUYEN

Hé déng hoc la nhing hé vat ly ma hanh vi cia chung theo thoi
gian dudc md tad bang cac phuong trinh vi phan :

ey 5 dyde 5 dryl_fdtr; ¥y dyadt ;o d“;yzf'dt“i '
i syn s dydt s dPy Attt = 0 (2-1)

f
e Ae————

Ll
Hé __—-‘; ¢ —- v (t) .
___,r’ L1 mien [zt HE t:

z{—_a.. Lae Lt P | =
—— Fiéy kven | d'o‘;' f{‘{) dtff{a’khf-c’f? - Y= {);f J(.?* e -yn f

Pt

—_—

y e) &)

Hinh 2.1

Hé diéu khién tu dong cd thé xem nhu d&i tugng (hinh 2.1a) ma
bién duge diéu khién y, y,, .., y, lién hé véi tdc dong ti ngoai — céc
tin hiéu diéu khi€n u = (u; .., u,} va nhiéu kifm soat dugc (tal) z
(z), .., z,) va khong kiém soat duge f = (f;, .., f) bdi hé phuong trinh
vi phan bac n. Vi tac ddng ti ngoai u, z va f 1a xac dinh trong nhing
trudng hop cu thé, hé diéu khién théa mian hé phuong trinh (2-1). Noi
chung hé co théng s6 rai cing od thé dua vé dang trén nén (2-1) 1a hs
phuong trinh t8ng quat.

Hé phuong trinh (2-1) co thé dua vé dang vi phan bac mét tuong
duong :

pifdyfdt 5 v 5 ya sy s ) = 05 ) =1, 2..n (2-2)
ma s§ phudng trinh n = r + s + .. + p bang téng cia bic cdc phuong

trinh n bién duge didu khi€n Khai niém nay duse thé hién tuong ng

31



voi hinh 2.1b. Hé phuong trinh (2-2) ¢6 thé c¢d duge tit mé tad toan hoc
cic phén t trong hé tudng dng vdéi so d6 cdu tric

Hé phuong trinh (2-2; thuong dua vé dang Cauchy :

yy = dyfdt = fity; 5 vy 505 ¥ e Yoo B {2-3)

Vi du 2-1

Dé 6n dinh hudng lii tau thiy, ngu 16i hay thiét bi bay ngudi ta
dung hé didu khi€fn tu doéng ldi giit cho hudng khéng thay déi. So do
gian don nhu & hinh 2.2a. D6i tugng la tau thiy 7 ¢ truc tao thanh
géc o so vdi hudng o, do con quay 2 xdc dinh chénh léch vé hudng
a, — ap tac dong vao khusch dai cda la ban con quay dén thigt bi diéu
khién lai 3 dé quay lai 4 mét gde 3.

s(r+sh)

L

_1 i !
S B ?

Hinh 2.2

G hinh 22b 6 so dé truyén déng thiét bi khi nén diéu khidn luu
luong khong khi vao xilanh bidng cich quay nip mét gdc y tao nén su
sut ap va chuyén dong y cua pitténg ; chuyén déng clha pittong duge gidi
han bdi u han ché vi tri —_\rb.s y € y, T6c do chuyén dong cla pittong
v = dy/dt va vi tri cta nap ddy v cd quan hé nhu & hinh 2.2c. Dac tinh
phi tuyén la khau cd ving kém nhay va bio hoa (dang hinh 1.6a), tuy
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nhién khi cham vao y han ché pittdng dung, du ¢ ¢d tip tuc tang thi
toc do cing s& bang khong Nhu viy, toc do6 chuyén dong cta pitténg 1a
ham hai bién v{y, v) v4 mé tid bdi :

khi -y, €y < ¥ vei y > 0
(P(V){khi_y{3<ys.th véi y < 0

v = , , {2-4)
khi vy = +y, , véi oy > 0 ;
0 {khiy=—yb, véi oy < 0.

Chuyén ddi tu dudng cong ¢(y) sang duding thdng v = 0 xay ra ngay
t@c khac khi y = =y, tung vdi dudng nét dit ¢ hinh 2.2¢c. Trén hinh
2.2d con od dac tinh phi tuydn ki€u khe hd v&i banh lai. D6l tugng la
moét khdu ¢6 quan tinh va tich phan con khuéch dai con quay 2 va hdi
tiép vi tri 5 la hai khau khuéch dai k, va k;. Hai khau phi tuyén trong
hé la 4 va 3. Nhiéu ngau nhién quy vé gdc quay cda banh lai ky hiéu
la fit). Tt phuong trinh vi phdn cla cdc phdn ti tuyén tinh va phi tuyén
ta ¢d hé phuong trinh :

dexy
bat y, = a; ; y2 = a;= RN L Phuong trinh cia déi tugng :
dzal dexr,
T + —=— = k|f{t) + & .
1 dt2 dt 1[ ( ) (Y)]

Xudt phat ti so d6 khdi & hinh 2.2d, ta 6 :

dy,

3 = bl

= RO2vat s (2-5)
d)’:a .

T f2yy . y35 1) -

1
ma fily2 = y2 5 By yu B =7P"J —Y2+k1[f(t) +5()’3)} L
1l |

falyy, w3, 1) = "{*kz [Y1 _an(t)} - kyys, Y:a} yono= 3,
Vi du 2-2.

Thay vi ding y, ding bién trang thai x va bién didu khién u dei
vii hai phuong trinh sau :
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X1=X2;

. 9_
%, = —20 - 15xx, + u (2-6)
PDua vé dang tdng quat
: 0 1 0
x = Ax = bu = —2x% ~15x, 0 X+ (2-T7)

Cdac hé phuong trinh
tuong dng voi so d6 khoi
nhu ¢ hinh 2.3 Nhu d
phuong trinh (2-7), @&

dang phudng trinh trang

thai, néu mdt vai thay tat

ca) cde ma trdn A, B, C,

D ¢d chia ham caa trang

thai theo thoi gian cua
tin hiéu ra va‘hay etia tin Hinh 2.3
hiéu vao, hé trd nén phi

tuyén.,

2.2. TUYEN TINH HOA

Tuyén tinh hda la phudng phap xdp xi nhiing phuong trinh vi phan
- khéng tuyén tinh bing nhitng phuong trinh tuyén tinh. Vi cac phuadng
phap téng hop vA phan tich cac hé tuyén tinh 14t phong phi nén bién
phap diu tién dé tong hgp vA phan tich hé phi tuyén la bién nd thanh
tuyén {inh. Nhu ngudi ta thudng ndi : "Né&u chi c6 mét comg cy duy nhit
12 cai bia, hay lam cho moi bai toan gidng nhu nhing cai dinh"

Diéu kién dat va khi tuyén tinh hda la mo hinh tuyén tinh dy lam
vite & lan cdAn "di€m lam viéc" hay "trang thai cAn bang”. Mic 4o thay
ddi quanh diém lam wvige cla cdc bién tuy t.hl:lchc vao hai yéu t6 : mét
la ban chit cta tinh phi tuyén (muic do chénh léch so voi dac tinh tuyén
tinh) va hai 12 dd chinh xdc tuong d6i ma ta mong mudn d6i véi mo

hinh v&i d8i tugng that.
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Tuy nhién viéc diang md hinh tuyén tinh chinh xdc trong pham vi
thay doi nhé cua cac bién ¢d y nghia thuc t& Nguyén nhan la nhiéu hé
diéu khi€n tu dong thuc t€ ducce thiét ké d€ duy tri mot trang thai can
bing mong mudn. Ly do khdc 1a ngay ¢ cdac hé phi tuyén r6 rét, nhing
nhiéu loan bé lam chéch khéi nghiém cia phuong trinh phi tuyén thudng
cd thé dudec mé ta bing mo hinh tuyén tinh.

Chudi Taylor duge viét dudi dang chénh léch quanh di€m lam viee
vA gdbm cd mot chudi vé tdn nhitng thanh phin tuyén tinh, bac hai,
béc ba v.v.. D& thyc hién tuyén tinh hoa, cic thanh phan ti bac hai
tréd lén duge xem nhu khong ddng ké. Vay, néu f(x, y) la ham cuoa
hai bign thi chudi Taylor sé gém céc thanh phdn ld dao ham riéng cua
f theo x va y :

fy) = £ )+af ( _+02f (X—Xn)"+
Xy)= X - X — X — A
00T ““0.3’0 V| T
0¥
3
a3f (x — %) i')f‘ ( " o°f (y = ¥y)
— T R o y — yo _"‘;; EE——
I 31 ¥ vy 2 21
254 Yo “9Y 1o ¥o oy X X0
- 3
ot ¥y — ¥o) \
) TR (2-8)
oy X ¥n .

Trang thai can bang cua hé duge xic dinh bdi cac bién x,, .

Thanh phan thd nhat cia v&€ phai la dai lugng cua f tai diEm lam
viée (xg, ¥o) nén 1a dai lugng hang ; con cic dao ham riéng idng véi tang

Néu chi tinh dén thanh phin bac mot thi :
of

£( f ( of
X, - fix,, = —
[ y) 0> ¥0) ] 9y Ixpvo

ix | X

{}(.X — Xt Y -yy . (29

Vi du 2-3.

M6t qua ldc nhu ¢ hinh 2.4, o thé chiu anh huéng cta hai loai
nhiéu tdc dong - d6 lic do gdc léch ban ddu cia day treo | v tic o
goc ban dau g, vdi g = 9,81 ms” 1A tde dd trong trudng, m 1a trong khdi
Binh luat Newton thd hai duge mé td bang phuong trinh -

d‘e e
J— = -m.glsingd (2-10}




O day J = ml® 12 momen quén tinh. Do d6 :

d% m.
m— +=Esing = 0. 2-11)
dt 1
Thanh phédn sinf 1a phi tuy&n, dude tuyén

tinh héa véi gia thiét 1a chénh léch quanh diém

lam viéc bé. N&u chon difm can bing 1a 6 = 0 loci® Vg
rad thi chudi Taylor ¢d dang : Hinh 2.4

: & &

sind = 8 - 37 751 (2-12)

Véi chénh léch bé, sinf = #, cd nghia 13 v&i géc 8 bé duge do bang
radian, thi sin cua chinh nd cing bAng né ; diéu dd cd thé kiém tra
bing cach do chinh xdc. Md hinh nay cho sai s8 khoang 10% tinh vé
théi gian ma gde # dat tri s6¢ = =

Nhu vay, md hinh hé (2-11) ducc tuyén tinh hda la :

a%
— t 76 = 0. (2-13)
dt 1
Trong trudng hop hé dugc mo td bang phuong trinh trang thai va
hai bién 124 x vd& u nhu & vi du 2-2 :
x = f(x, u. (2-14)
Di€m lam viée duoe xdc dinh bdi vectd trang thai x, vd vectg dau
vao u, Chu ¥ rdng di€ém lam viéc ¢ th€ la moét di€m trong khong gian
trang théi, cén u, la khéng d6i & cac hé diéu chinh, hay doi khi la quy
dao chudn x,(t) va u(t) bién d6i theo t & cdc hé¢ tuy dong.
Trong trudng hop hé (2-14) cd n bi&n trang thai va r bign ddu vao,
mé hinh cha hé sé la :

]

. of) of,
X1"‘10=_| (X =%t T (XX F
1 [ xgug 1 X |xgup
of; af;
+ — (u ~yy+ ... +— (U, — ug)
391 |0 17 Y10 T 10
X2_X2O=_ (XI_X10)+.‘.+_ (Xn_xr'o)+
Bxl XO,‘-'O axn xO,“O
of, of;
+ — (4, —ud+ ... +—— (u, —uy) ;
941 g b M lxguy
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‘ ) ot of,

b &: xo__uo(Xl — X+ ...+ -a;; xoluo(xn —x T
of, of,,
9u, KO_UU(U1 Tt o, Xo,_Uo(ur ~ )

Diung ddu "*" d€ chi chénh léch quanh tri s dinh mue
viéc)
" * _ - — * . * o . *
X =X 7T XX TX T XU T U T Uy

con dac ham riéng gquanh tri s0 dinh mnic la

oxy Ixgug

- vV, .,
{_]Xl

Thay th& (2-16) va (2~ 17) vao (2- 15} ta co

o afy of, of, af,
X} =_——0x] + +t-——ox +_——oult+.. . .+_—ou;
ax, X fu, du,.

. oty N ofy of, . ofy
Xo=7—0x, + ... +- x;+-—0ul+ .+—0u:;
%y UX,, u du,.

.\ of, . of, . of,, . of .
Xp=7_0x+ ...+ oxn+—0ul+‘”+_—0ur-
x4 gx du, Ju,

(2~15)

(di€m lam

(2-16)

(2-17)

{2-18)

Nhu vdy, cd thé dung ma tran Jacobian J, vd J,, ma cac phan tu

cua ching 1a hang :

—_—0 — —0 —90 — 0 ...—0
%y 0%, X, du;  du, Ju,
of,  of, ofy of, of, ofy
-0 — 0 .—0 —0 0 -.—0
Je = lox;  ox, 0%, ; dy = |ou; ouy tu,
of of, uf, of, of, o,
—o0 —o0...—0 —0 c...—0
UXy, 0%, X u;  du, vu,
Cuéi cing (2-18) cd dang :

; (2-19)

(2 -20)
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Phuong trink (2-20) 14 mo hinh trang thai tuydn tinh cha hé phi

tuyén {(2- 14) : x = f(x, u) v6i chénh léch bé {x’ va u”") quanh diém lam
\-‘i@C (_&], Uoj
Phuong trinh ddu ra v = Cx + Du néu 13 tuyén tinh (khi méi tin

hiéu ra don gidn 13 bién trang thai cua hé) thi co thé dung truc tiép,
con néu la phi tuyén thi tuyén tinh hoa nhu phuong phap dia ndi trén.
Vi du 2 -4

Tuyén tinh hoa phuong trinh (2-7} & vi du 2-2 :

x, = Hx;, x5 W = -2x; - L5xx; + u

Diung ma tran Jacobian (2-19) ta co :

0% #x, 0 1
J, = = 3 ; 2-21
X ?)f‘, Esz _GXTQ - 1)5X20 _].‘5){][] ’ ( }
a —o L
2] X5
| of,
e O
5= u _ 0
v of, i1
e O
ou

Néu dua digu kidn dau (x; IIU) vao (2-21) thi cdc ma trian trén sé
la mé hinh tuyén tinh cia hé nhu (2-20) v6i didu kién 13 chénh léch khai
didm lam viée bé. Néu md hinh hda theo s¢ d6 khéi ¢ hinh 2.2 theo mét
phudng phdap nao dd (dung SIMULINK kém thec MATLAB, TUTSIM hay
WINFACT) ta cd duge mo hinh phi tuyén tinh. O muc 3-6 s dé cap den
vin dé nay.

Bay gi¢ cdn xdc dinh di€ém lam viée cta hé phi tuyén trén. O mach
thuan cua hinh 2.3 o6 hai khau tich phan. O diém lam viéc cua trang
thai xdc lap, ddu vao cla cac khau tich phin bang khéng. Vdi diéu kién
dy, mach héi ti€p (1,6x;x,) bang khéng (vi x, phai bang khong) Véi u = 1,
trang thai xde lap ¢ ddu ra tuong ung vai di€m lam viéc la x; = 0,7937
dé ddu vao cua khiu tich phan thd nhat bang khong.

Nhu vay x, = [0,7937 01! va u, = [0 1]. Ung véi (2-20) va {2-21)
ta ¢ mdé hinh tuyén tinh nhu sau -
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|
; I
o RS T VREEREEEEEEEEEE

: ] Fuyén fa";)‘lh
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¢ ; SN

]
|
i i J X, phi Fuyén |
-8, 2 L -82 L
o § . 10 a 5 12
o) Thai gran, sec d) Thay giart, sec
Hinh 2.5
. 0 1 0
x = X + u 2-22
~378 —1,19 1 (2-22)

O hinh 2.5a la dap dng cta hé md phéng theo hinh 2.3 véi didu
kién dau bang khong vad u = 1. Tri s6 xac lip cua hé phi tuyén nhu
da xét trén.

O hinh 2.4b cd trusng hop bac thang bang -0,1 cho mé hinh tuyén
tinh hoa (2-20) véi J, va J, tuong ung, so saénh véi moé hinh phi tuyén
¢ bac thang ciing bang —0,1 va diéu kien dau [0,7937 0)'. Dap tng x,
gidng nhau cdon x; od diéu kién lam viéc khac nhau

D€ so sanh truc tigp, di€m lam viéc phai duge cong vao dap dng
cita moé hinh tuyén tinh nhua & hinh 2.5c. Hai ddp iing 5:1 va x, hdu nhu
xdp xI nhau {mdc du néu dung thang do rdong hon, sé o su sai khac}.

Viée chon di€m lam viéc cang sai kbhac trudc, do c{hinh Xac cia mb

hinh tuyén tinh cang gidm. Vi du, & hinh 2.5d dung bac thang +0,5 thi
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cac ddc tinh x, va %, ¢ hal mé hinh déu khdc nhau. Viée st dung MAT-
ILAB dé mé hinh hoa rdt tién lgi. Vi du néu diung bac thang am eang
xa di€m lam viéc thi chdt lugng moé hinh tuyén tinh cang kém bac thang
duong, con néu bd hoéi tiép xx, thi hé méit én dinh vd mang nhiéu tinh

dac trung cia hé phi tuyén.

2.3. TUYEN TINH HOA RUNG

Mot trong nhitng phuong phdp gian don d€ truyén tinh hda mét s6
khau phi tuyén nhu ving kém nhay, c¢d khe hd la dua vao ddu vao khiu
phi tuyén tin hiéu nhiéu cé
chu ky va loc nhidu nay &
ddu ra nhu & hinh 2.6.

Vi du ¢ ddu vao x, X, 700)
-_'_"_-é

§§ >0
)‘
M
]
o
+
Ng

ngoai thanh phan bién déi

cham x, thanh phan bién
d6i nhanh ¥ c6 chu ki sé Hinh 2.8
tao ¢ ddu ra khau phi tuyén

thanh phdn bién ddi cham Z; va thanh phdn bién ddi nhanh 7. Vi nguyén
tic x8p chdng khong ton tai & khau phi tuyén cho nén % anh hudng dén
quan hé gitta x, va Z;. Tdc dong cta tin hidu od chu ky tuy thufc vao

hinh dang cia nd.

2.3.1. TRUONG HOP KHAU PHI TUYEN CO VUNG KEM NHAY

5 O hinh 2.7a cd ddac tinh phi tuyén Z{x), trang véi Z,(xy) khi
x = 0.

Khi tang X, Zo(xy) thay ddi va bién 46 A cang 16n thi Zy(x)) cang
gdn vai dudng thang, Khi A — «, Z,ix,) tién d&n dudng thing qua gdc
toa d6.

Vai thanh phan bién d8i eo dang chit nhat nhu & hinh 2.7b, khi bién
d0 n ldn 16n hon nita ving kém nhay thi thanh phdn mot chidu ¢ déu

ra 8 tuyén tinh vdi d6 rong bang n- vung kém nhay.
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Hinh 2.7
2.3.2. TRUONG HOP KHAU PHI TUYEN DANG KHE HO

D6i voi khau phi tuyén dang khe hd, néu dung tin hiéu dang rang
cua (hay chit nhat) khi bién do cua ching 16n hon nita khe hd thi tuyén
tinh hdéa dude bao dam.

O hinh 2.8a c6 giai thich anh hudng cia bién dé6 dao déng dang
rang cua d6i v6i dac tinh phi tuyén c6 khe hd va hinh 2.8b la dac tinh
Zy(xy) v6i cac bién d6 khac nhau. Tu phan tich trén ta thdy thanh phén
bién ddi cta tin hiéu vao lam gidm anh hudng cta tinh phi tuyén & khau
cé vung kém nhay va dang khe hd, con véi bién d6 vao tuong déi 16n
c6 thé bién thanh khau tuyén tinh - phuong phdp nay goi la tuyén tinh
héa rung. D6i voi khau phi tuyén dang bao hoa va géi ti, phuong phap
tuyén tinh héa rung lam ting pham vi tuyén tinh dong thoi lam giam
hé s6 khuéch dai trong vung 4dy. Phuong phdp nay c6 dng dung t6t &
cdc hé cd tu dao dong bé. Dao dong 6n dinh véi bién do6 bé trong hé
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phi tuyén nang cao chidt lugng cia qua trinh qui do va trung hoa nhitng
anh hudng khong mong muén cua mot s6 dang phi tuyén.

V)
z b ke z
1 ‘L.ok 1
! Az4
2
|
A ) 4=t
_____ —r Zy - EES/E
— - | —
2NN
7 I
. |
é%_/ A=g ]
1 =4 ‘b‘
z,1 %4 -— 5

—

b) e

Hinh 2.8

BAI TAP CHUONG 2

Bai tgp 2-1. Theo dinh luat Bernoulli (Bécnuli) luu ldong qua van q (m’sec™)
liten hé véi ap sudt h(m) bdi phuong trinh :

q = Cyv (2gh)

ma g la gia tdc trong trudng, Cd(mz) la hé =6 x4 Xdc dinh quan hé
tuyén tinh hda gita q va h.

Pdp dn : D6i vdi q, chubi Taylor quanh diém lam viéc h, la :

0q ’ 1’ g
Q|h:’QIhﬂ"'Eihﬂ(h*hn):ﬂhU"'[Cd 2—}10} (h — hy)
Vav © = g _ _
ay : e=|Cy\ 5 | b (Ah=0, Aq=0)

Bai tgp 2—2 Tuyén tinh hda mot tich cd hai bién :

fx, yy = xy.
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Bip dn XY = Xg¥y T yolx - %90 + x50y - xg).
Bai tgp 2-3 Hé diéu khi€n phi tuyén cd so dé khsi nhu & hinh 2.9 o5
méi litn hé vao ra clia khau phi tuyén bao hoa la :
u(t) = (1 — e X100 ) signx, (t)
+1 x(0) > 0
-1 x(t) < 0

v6i signx {t}

va phuong trinh trang thdi :

K = x5 (2-23) 7 i ol ¥ Ax +Bu |2
-1
x(t) = ult). (2-24)
Bip dn :
Hinh 2.
t % * afl(t) * -] * " -
X=X T X = 9%,(t) (%2 = %30} = %5 ;
. afZ(t) —K| |
REN T = nn BT %) = Ke R
. o 0 1 *
vay = ke K] ol ¥
Khi %y, = 0 :a = Ke Klxo1l = K va xE = Kﬁ(l.

Néu x4 lon, difm lam viéc ndm trén ving bdo hoa.

Bai wip 2—-4 Vai bai tip 2-3 nhung hé phuong trinh (2-23) va (2-24) g
dang sau :
x3(t)

X(t) = u(t)x(t). (2-26)

() = (2-25)

Hay tuyén tinh hda quanh quj dao dinh mic [xq,{t}, xp(t)] voi didu
kién dau x;(0) = x%,(0) = 1 va u(t) = 0.
Bip dn :

L&y tich phan theo t phuong trinh (2-25) va (2-26) theo diéu kién

d3u da cho, o6 -
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Xg(t) = Xz(O) =1,

x{t) = -t + 1
Vay quy dao dinh mic dng véi (2-25) va {2-26) l1a -
Xpylt) = -t + 1
Xgzit) = L1
o, () TACRP A0 oty (t)
() ) 3 ) v e T RO
va ol - [g g] e [12 } wo . e

Nhu viy tuyén tinh hda hé phi tuyén cod thé din dén hé tuyén tinh

c6 hé s6 bién déi theo thi gian. “ ”””””””E: S | +
. . ::;““_3 R t e
Bai tgp 2-5. He didu khién vi tri cia P o_
vién bi siat dung nam cham nhu & .
hinh 2.10. y 9
Hé phuong trinh vi phin ec6 X ——
dang :
nE g Hinh 2.10
d%y(t it
m ¥E g—"i-)"' (2-28)
dt* y(t)
di (t
e(t) = Ri{t) + ff%, (2-80)

voi y(t) 1a vi tri vién bi, i 1a dong dién qua cudn day. Hay tuyén tinh
hda hé trén.

Bdp dn :
Dung bién trang thai
x(t) = y(t) ; x(t} = dyfdt ; x5ty = i(t).

dx,(t)
T X5{t) ; (2-31)
dx,(t 2
oY :g_ii{?&l; (2-32)
di m x(t)
dx;(t) R 1
e 2 Cha LUK (2-33)
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Chon diém lam viéc y,¢) = x; = const

dxm(t)
sl = —3— =0 (2-84)
2
dy () =0 . (2-85)
dt?

Tri 88 dinh mic eta i{t) cd duge bang cach thay (2-35) vao (2-28)

ihH{t) = xpt) = ¥ mgx, .

Vay, dng v4i {2-20) cd :

0 1 0
0 1 0
X3 2x43 g g |~
Jy = == 0 -2
mx{y, mXg, 01 Mgy
0 0 HL 0 0 -R/L ) (2-36)
0
J, o= | 0
VL

Bai tip 2-6. Hé qua lic nhu d hinh 2.11 nhung tin hiéu vao 12 mémen
Min. Hé duge mo ta bdi :

i 1
w = f;6,0,Mp = -bo - Q%ind + . M., ;
m

6 = L0, M) = v (2-37)

v3i b la hé s ma sat ;

Q@ = JE’T tdn 86 dao dong v~ M

voi diéu kién ddu 6 = 0. o G
Hay tuyén tinh hda hé i

trén vOi gia thiét rang goc 8 la

do duge, muc tiéu la gid cho _6’/’

con lac thing ding trong khi

!

diém quay phu thudc vio gia
téc ngang do mémen M, tao
nén. Trang thdi lam viéc dinh

muc gidn véi gdc quay va tée

d6 gdc bang khong, Hinh 2.1



Ddp dn :

Chon trang thai :

-

O lan cidn di€m lam viée (w,, 6, ta cd :

ww = P g, =1
of, , of,
U_BZ—QCOSQO;W=O;
oM, ml> M, 0
e Rl
vay : x" = {_1 _QJO O x4 | mi? | My, (2-38)
0
y = [0 1] x.
Vi cic thong s6 mI° = 1, b = 0,25, Q% = 100, oy = 0, 6, = 0
va chon thoi gian ldy madu T = 100 msee, ta ¢ phudng trinh gian doan

dang :

0,0100 0,9950 0,00 | in
y = [0 1] x .

. 0,9925 -09971| 0,01 .
X+ = X + M

Bai tdp 2-7. Hé diéu khién &6 dia lazer nhu & hinh 2.11. Mémen tong déi
vOi tdl ed quan tinh la
M, = M, - My

voi

M (w) = ko + kysignw +  kgsignwplem) (289)
v M, la momen dat vac (N.m) ; M, la momen ma sit (Nm} M, la
mémen tao gia t6c (N.m) ; k, 14 hé s0 tuong hé clia phu tai quan tinh
(sec“sz.m), ky la hé s6 dung cu do, k,; 13 hé s6 ma sat (N.m.sec.rad b,
k.rlda momen ma sit Coulomb (N.m), k; 12 mdémen ma sit tinh _(rad,sec_l),
plw) = e—j|m;‘o|’

Ham sign duge xde dinh béi
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+1 & >

H

signg = 1 0, 6 =0

1, 6 < 1 ’T—'——j

Hay tuyén tinh hda [——‘H 7,_\ ) =

he diéu khién téc d6 noi v / J
trén ¢ di€m lam viéc ¢ I " - |
0 < Woin & @ T W M \é M, J kw @ f<& Hﬁ-}
(240) L ’

Bdp dn :
Digm lam viéc khéng Hinh 2.12
thé tai w = 0 vi dao

ham riéng cta ham sign tai diém khong sé khong toén tai.
Theo diéu kién d& cho :
w = £, o, My = kK (-Myw) + My ;
é = 5,06, w, M) = kg.w

of) oM(w)
T = TR T 0= ke
of, of| of, '
o = 55 = 0595 =05
%]
ot of,
oM, - %o, -0 B0 VN R R LA
)
O day khéng cd mdi lién
he voi di€m lam vigc. Mo Hinh 2.13

hinh trang thai sé la

1 ) e

My = —ksigne.

So d6 khéi hé tuyén tinh nhu & hinh 2.13. Néu (2-41) dugc dung dé
mo hinh hoa thi mémen chéch sé bing khang khi @ = 0. Ndi chung nén
dung mo hinh phi tuyén, lgi ich cia viéc tuyén tinh hda trong trutng

hop nay ch y&u l1a d€ phan tich va tong hap.
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Bai tip 2-8. Tuyén tinh hda f(x) = 5Scosx @ lan cin x =

o

Bdp dn

A f(x)
5

Ung v6i (2-9) :

of
flx) - fixg) = T x0(:»; - Xg) ;

— = —-0sinx ;

Vay of(x) = -55(x) nhu ¢
hinh 2.14.

Hinh 2.14
Bai tip 2-9. Tuyén tinh hda :
e S L R
1 qp T cosx=
3 x = m/4
Bdp dn
2 o T
— +_
d“dx + 4) ) 4%« ' d(dx 4:) s
di? B di dt T4t
Tuyén tinh hda cosx & lan can x = % theo (2-9) :
5 +n- T deosx 5 R Sx -
cos(dx 4) cos(4)_ & |, _= X = sm(4)x,
04
7T T . V2 {2
cos(5x+4)—005(4)—sm(4)6x = 2:5x,
v T, v T
Y e a2 *T 772

Bai tap 2-10. Xac dinh ham truyén Up(s)}/U(s) cho mach dién & hinh 2.15,
dién tré R la phi tuyén vdi :
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0.1u

ip = 2 °
vd u {t) ]a nguén dién 4ap bé.
Bip dn : u = IOIn%ir.
Theo Kirchhoff :
di

1.
€ + 101n§1—20—u(t) .

Hinh 2.15

Xdac dinh di€m lam viée :
ut) = 0 ; u(t) = L.di/dt = 0 ; u. = 20 von ;
ip = i = 14,78 ampe.
d(i, + di)
I, — =

1 .
I + 10In 5 o+ di) — 20 = u(t) ;

) 1
Tuyén tinh hda ln§(i(, + 4i) theo (2-9) :

1.
112(1U i) ngig=—"g iU1—i iﬂ(l_i“ i
1 o 1
hay ln§(10+61)—1n2+i061,

L 10 s Lsy 20— ug
dt (ng*g, o —20=u®).

L =11 = 14,78 ampe :

d—éi + 067751 = uft) ;
m 6773 = uft) ;
Ui (s) )

U(s) s+ 08677
Bai tgp 2~11. O hinh 2.16b <6 con trd (méd hinh cia chan robot & hinh
2.16a) vai m, la trong luong; M la momen theo hudng 8, 1 la chiéu dai

1 ,
con tré. Gia thiét trong khdi dat tai tam 3| Hay tuyén tinh hda phuong

trinh trang thai quanh di€m can bang.
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Hinh 2.16

Ddp dn :
Theo hinh 2.16d c¢é phuong trinh mémen :

d% ]. -
=y

J— ind = M . (2-42)
dt? 2
= m_gl a1 + E

Y B B

V6i diém can bang : x; = 0, x, = 0, dUng vdi (2-9) :

d(sinx,)
sinx, - sin0 = —dx] xlzﬂéxl =0x, .
Tt d6 S5x, = 0%, ;
Sx __mgl = . M (2-43)
- 27 L g

Bai tdp 2-12. Binh chia ¢6 hé phuong trinh :

dh F B

T A AVE=f®,F). (2-44)

v6i h la bién trang thai, F la bién dau vao, f va A la cac thong so.
Tuyén tinh hoa & diém =xac lap.

ou



Bdp dn :
Diung chudi Taylor
__ﬁ{“] [F F]——LgAm [h—hs}.

Thanh phan thi nhat v& phai bang khéng vi tuyén tinh hda & lan
can trang thdi can bang :

dh
dt

f(h,F)=

L

dh — h) 1
& - *%f[ ] x[F-E]
Vi h" = h - h, v = F - F_:

d ¥
g1
dt 2AYh,

Ddu (') dng v8i d6 chénh léch, o6 thé bd qua, vay :

é-}-{- ——‘S—x+%u

dt 2A Vh,
dx o (2-45)
dt = ax u .

Bai tap 2-13. He duge mo ta bai
. dx,
X = FT fi{x; %, w) 5

i dx, (2-46)
X; = dt fx, %3, 1) 5

¥y = g(x), X5, u).

Tuyén tinh héa & di€ém xdc lap.

Bdp dn :
O diém xac lap :
(X X0 u) = fHlx, X6 u) = 0

va g(x]r\‘f g us) = ¥



d(xl - xls)
dt

d(x; — Xp5)
dt

ufy

. au

9

Y-y =

it
. {_g
Jua

0%

of,

0%

e

& 2Ms :l

ug
75:4)

Mé hinh trang thai cé dang :

]

X

y

¥

= Ax’ + B«
€x’ + Du

X525

X1%25U5

X125ty

[u - us} .
X15¥25My

of,

X

afy

0%
2

og
0%

|

Xs¥ogts

ys¥osts

%

XZ_

- X,

X7 *

X7 7 Xzg

5

Xy

(2-47)



Chuong 3
DPONG HOC CAC HE PHI TUYEN

3.1. MAT PHANG PHA VA TINH CHAT

Trude tién hay ndi dén mét s6 dac diém cia phuong phép nay :

e Mat phing pha la phuong phdp ding mién thdi gian nén két qua
cia nd duge quan siat dé dang.

e Phin tuyén tinh cia hé giéi han & bac hai vi & bac cao han
(khoéng gian pha) tinh truc quan bi han ch&

e Phuong phap ducge dp dung v6i hé ding (thong s6 khong thay déi
theo thoi gian).

¢ Phudng phdp duge ap dung thuan tién v6i hé gdm mot phan phi
tuyén va moét phdn tuyén tinh nhu ¢ hinh 1.2b ma phuong phap ghép
ndi cdc khau tuy&n tinh (113 tl [19]) va phi tuy&n tinh (I4) ed thé don
gian hda ciu triic cta hé phi tuyén.

Truong hop cac khau phi tuyén ndm rdi rac giita cde khau tuyén
tinh thi ding phuong phip mé hinh hda trén may tinh 13 thuan tien.

Méc du hign nay véi ky thuat mdy tinh phat trién, cd thé dung cde
phuong phdp khdc dé md hinh hda hé phi tuyén nhung phuong phap mat
phing pha cho phép quan sit hanh vi cha hé, nhanh chong ddnh gia két
qua, con khi khéng cd méy tinh thi vu viét cda phuong phap la hién
nhién.

3.1.1 Vi DU VE QUY PAO PHA TREN MAT PHANG
Vi du 3~1. O hinh 3.1 ¢6 so d6 khéi cua hé tuyén tinh, biac hai vai

xy = 0 1a ch& do trugt vé gdc truc. Tuong dng véi hé phuong trinh vi
phan
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Sl
dx, (3-1)
2
X,=0 X X y=X
< sVl a [ o] v=x
A\?—-—» o 3 < .
Hinh 2.1

Chia hai phudng trinh cho nhau ta cd :

5 %
9 + Wo g = C. (3-2)
Vi du véi didu kién ddu 0 = 0, x{(0) = A
Al
C = 3 va (3-2) la phuong trinh
ellip : \:j:’i'

x% zx% wE //—_\
2 Teng =T (8-3) A
Khi wy = 1 cd phuong trinh dudng \\J X

tron ; khi ey > 1 thi truc tung 1a truc
lén caa ellip va nguge lai.

Vi du 3-2, Mot trong khoi m duge treo Hinh 2.2

trén 1o xo. Néu kéo trong khdi xufng

mot khodng cich lm chidng han va tha ra. Cd thé quan sat qua trinh
dao dong cia m nhu ¢ hinh 3.4 (dudng x;) va téec d6 dich chuyén m

dx,
duge xdc dinh bdt dac ham cha né nhu ¢ dudng Xy (xz = E]
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T

L /
’i s

Hinh 3.3

Hé trén co thé md td bd, phuong trinh

. dx,

X=X = g

. k B dx,

X, = — - -— = —

< mXl mX2 dt
Véim = 1,9 kg ; hé s6 ma sit cia 1d xo0 k =

xéc B = 1,2 N/(m.sec” ). Vay (3-4) cd dang :

Hinh 3.4

(3-4)

3 Nm' va he s6 giam

(3-5)

. dx

WE g T

. dx;

X, = Pl -1,681x, -~ 0,63 x,

Heé phuong trinh trén o6 th€ méd ta dudi dang ma tran :

_ 0 1 ,
X = {—1,581 —0,63] x . (3-6)

voi ¥y 1a hé s6 gde : 0.5
dx,  Ax, &
Tk oA ’
B -1,681x, - 0,63x, 39
X, d -6,5
~1,681
X, = ¥ + 063 X (3-8} ol

vOi x,(t) la tée d6 bién ddi cua x(t)
mdi quan hé dy dugc mé td trén mat
phang pha x,(x,) nhu & hinh 35

Hinh 3.5
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Cac dudng cong ¢ hinh 3.2 hay 3.5 lA quy dao pha, mé ta chuyén
déng cua hé td diéu kién ban didu, con ddu mdi tén tuong dng vai hudng

chuyén déng cta quy dac pha.

3.1.2. PAC PIEM CUA QUY DAO PHA

1. O cac hé diéu khién, thoéng thudng x, mé tad trang thai & ddu ra
cua hé, cén x, 1a téc d6 bign déi cta x,. Trong trudng hop hai bién trang

thai, ung véi dang Cauchy (2-3) ta o6 :

dx,
P filx, %) = x5 ;
dX-2 (3—9)
dt, = f‘z(xl, XZ)' L
dx;, Ax
Vay Pl ma At luén duong (bién d8i thuan cta thdi gian)

nén Ax, ¢d ddu tuy thudc vao ddu cua x, : Phia trén cia truc hoanh
(x, > 0), quy dao pha di tic tréi sang phdi (Ax;, > 0), con d phia duoi
true hoanh (x, < 0) quy deo pha di tit phdi sang trai (Ax, < 0).

2. Chia hai phuong trinh & (3-9) cho nhau ta cd :

dx;  f(xy, %)

= — =y . (3-10)

Véi mét diém nhat dinh trong mat phing pha, xac dinh bai X, va

x;, thedb (3-10) chi cd mot hé sd gde y xdc dinh tiép tuyén cla hudng

dx,
chuyén doéng cta quy dao pha : y = T = const cho nén : d rhing
1
diém bink thuong quy dgo pha khong cit nhau.
dx,
V6i tri s6 y; = T cho trude, cd thé vé
1

Xp =X =%

cic dudng cong trong mat phang pha nhu véi bén tri s6¢ & hinh 3.6. D6
la cdc dubng dang ta. D& tding dé chinh xdc, chon & higng dudng ding
tda v8i d§ chénh léch gita ching :

10° £ Aa < 30°
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Hinh 3.8

Khi vé xong cdc dudng dang td (0 hinh 36 14 cic duong cong co
cing tri s8 xg, ¥y, X2 X3), ti mot di€m xudt phdt trén dudng didng ta
(M,) vé dudng phan gidc cia géc «, - «; (xdc dinh bdi hai dudng dang
ta dau tién) cho dén khi gap duong ding ta thi hai (M) ; ti difm thd
hai lai vé dubng phin gisc cla géc a; - a, dén giao di€ém M, v.v.. Cudi
cung ndi cdc di€m M, M;, M, ., M; v&i nhau bing mét duong tron, dd
la quy dao pha cdn tim xay dung theo phuong phdap duong ding ta.

3.0 nhitng diém dac biét, toa dé cua ching duge xac dinh bai
fl(xl, Xz) = 0 ;

3-11 *

3
% ///////////’//747%_7/\/\ T A7,
i A

la trang thai can bang cda

he. 7
Khi x, 1a téc d6 hién 7
d6i ciia x; va :
Xm

thi didm dac biét nam trén

truc hoanh va cit dudng
didng td oS tiép tuyén song
song x; nhu & hinh 3.7. Hinh 3.7



4. Tu (3-40) : Khi x; = 0 thi x = «, nghia 12 : Quy dao pha ludn

cat vudng goc vdl truc hoanh.

3.2. CHENH LECH BE KHOI TRANG THAI CAN BANG

Néu f; va f; ¢ (3-10) la nhitng ham don tri, lién tuc va kha vi theo
ca hai bién x; va x, thi hé 36 lam viéc khi ¢S chénh léch bé & lan can
m vi tri cAn bang nhu hé tuyén tinh hga.

Diuing chudi Taylor @ lan can cdc vi tri can bing d6i v6i hé bac hai -

dx,
— = k;x, + k,x; ;
dt 11 1222 »
dx2 (3-12)
= kyx; + k.x
dt 211 2242
s k )
vai = — = -
H SN RITESS S X5 | X)3Xg
of, of,
k) B » Rz =T
Al XsXs UK | X)X

V6i hé duge mo ti bdi (3-9) ta cd k;; = 0 va k;, = 1. Bién ddi
Laplace ctia (3-12) & thai difm t;, = t - t; 0, toa dé pha cd tri =6
Xt = xp va 1ty = x5y 14

sX (8) — x4y = kX8 + kpXy(s) ]
sXo(s) — %5 = ky X (s) + koyX,(s). J

L)

Hinh 3.B

58



hay & — kX&) - kXols) = x5
b Xi(s) + (8 = kyp)Xpls) = x,,. }
Ti do rit ra hai phuong trinh
[92 =k o kpds ke, - kleZI}}XI{S) = {s = kopxjp — kypxgy;

[52 - (kyy + kp)s + kyky, - kleZI}JXZ(S) = (8 = kypxy - kyxyy

tuong ng voi mdt phuong trinh vi phan bac hai déng nhat :

& Ak =0 (3-13)
dtz g dt X = . 3
) kg kyy
trong dO & = kll 4 kzz 3 A= k k - kllk22 - k12k21 .
21k

Anh cia nghiém hé phuong trinh (3-12) c6 dang :
(3 = kyo} xyg + kyoXyy
(5—s){(s—sy
kyxpp + (8 = k) 2y (3-14)

(8—81) (s — sy

X\s) =

¥

Xy(s) =

véi sy, 8, 12 nghiém cua phuong trinh dac trung :

£ -6s+ A =0 . (3-15)

6 £y 6% — 4A (kpp + kop) = ¥ (k= kyp)? + 4 kppky,

Tu anh (3-14) tréd vé ham g6c vai nghiém phiec 8172 = —a t jw;
1 .
a = —% sw =g Y4A —6° ta co phuong trinh ctia quy dao pha -
_ axyp + Xy
x, =e - ‘u)[xm cosw(t — tg) + ————— sine (t ~ tﬂ)} ;
ot - Axyy + Xy (3-17)
x, = e %0 [ Xy COS(t — ty) + ————— sinw (t ~ to):l ;

O he phi tuyén, cac phuong trinh trén phan 4nh chuyén dong cia
quy dao pha trong pham vi bé khi chénh léch khéi tramg thai can bang.
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O hé tuyén tinh cdc phuong trinh &y s& diing trén todn bd mat phéng
pha khi phin tich cac hé tuyén tinh ting doan & muc 34.

Tinh &n dinh va chdt luong cua hé trong pham vi bé tuy thuosc

nghiém cua phuong trinh dic trung, duge xdc dinh bdi cac hé s6 &
va A

Chia mat phing cac hé s6 6 vAd A thanh ting ving tuong tng véi
nhiing hanh trang khac nhau cda hé nhu & hinh 3.9

Hinh 3.9

1, Truimg hop A = ki ky, ~ kj5kyy > O tuong dng véi phia phai cia
truc tung.

Véi A = w02 ; 6 = —28w, ta ¢é phuong trinh cta khau dac dong :

d%x

dx 2
dt? + ZC‘UOE + wgx = 0
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Khéu dao déng dng véi ty s6 tit ddn 0 < ¢ < 1. O day khio sat
nghiém cda phuong trinh vdi -» < { < o,

Dung dai lugng tuong d6i T = wyt, ti dd :

+ 28 — + = . -
2 2 ar X 0 (3-18)

Dung bién pha la chénh léch bé x; va téc do bién ddi khong thu
nguyén x, = dx/dT.

clzx1 dx, dx, g _ E)_{E

Thay dao ham bic hai vac (3-18) :
dXZ
xzd—x] + 2x, + x, =0

dXz
Ta do T = (2%, +x))/x; (3-19)
dx,

dx,

dr T %

dx, (3-20)
e —x — X%, .

la hé phuong trinh (3-9) da dé cap § trén, c6 nghiém cta phuong trinh
dac trung :

1 , .
p® + 2Zp+ 1 =0;p = w5 phu thudc ty s6 tat dan ¢
O

Trong mat phang thong s6 6(A) 6 cic ving

Ving 1. Ung v6i £ > 1 & & phdn tu thd tu dudi dudng cong
& = 4A, cd hai nghiém thue am :

1
- Z
= - + —_ = .
Pt E £ 1 wOTl’
. 1
P, = —-¢-VEE-1 = .
0l2

tuong dng v6i hai khau quan tinh véi hing s8 thai gian T, T,.
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Khi ¢ = 1,75, T; l6n hon T, mudi lan nén hé tuong duong mot
khiau quan tinh. Phan bé nghiém dinh tinh va quy dac pha mod tad & hinh
3.9 trong vung 1.

Viitng 1 tuong itng udi vi fri cén bdng 6n dinh vdi qud trinh qué
dé cd dao déng. Diém ddac biét nay mang tén o diém nut,

Quy dao pha quanh di€m cd théng s6 thoa min didu kién 6 = -2
= —26, nghia 14 trén dudng cong gidi han cta ving I vA 2 tuong dng
v6i { = 1, p; = p, = -1 la quy dao pha h&i tu cda hai khau quan tinh
cing hang s6 thoi gian ndi ti€p nhau.

Viang 2. Tuong tUng véi 1 > { > 0 cia khau dao dong 4 & phin
tu thd tu phia trén dudng cong 6° = 4A, ¢ nghiém :

pp= ¢+ jQ
P’g:“C‘J‘Q‘

Q:\Jl¥§2:wl/wn, w, = wy¥ 1—-§° la tdn s§ goc cha dao
dong tat dén.

Dang quy dao pha la dang xodn &c quanh tiéu cu (x; = x, = 0).
Vitng 2 tuong ting véi vi tri can bdng on dinh ¢6 qué trinh doo dong.
Diém dgc biét nhu vay goi la tiéu cu.

Trén phén phai cia truc hoanh ty s0 suy giam { = 0, nghiém cua
phudng trinh déc trung 14 thudn 4o : p; = j; p, = § va hé i3 mach
dao doéng ly tudng, moé phong bidng hai khiu tich phan khép kin bdi héi
tiép am. Quy dao pha & dudng tron ban kinh tiy thudc vac diéu kién
diu tuong tng vdi vi tri cAn bAng trung tinh. Nhu vAy ni#a phdi cie
true hottnh luong wng vdi diém dge biét goi la iam.

Qua cac phan tich trén cho thdy, khong thé danh gida tinh 6n dinh
va hanh trang cta hé phi tuyén bing phuong trinh tuyén tinh hda don
thuin {(3-12). Thanh phin phi tuyén tinh déng vai trd quan troeng trong
viec phan tich ham fj(x;, x,) va f5(x;, x,) ma ngudi ta con goi 13 anh
hudng cia cac théng sé nhd.

Vieng 3. Ty s6 suy gidm cod gid tri am ({ < 0). Phian thuc cida hai
nghiém phic déu duong :

pp = a + jQ;

P = o = JQ
l > a=- > 0.
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Quy dao pha la ho cdc dudng xoan &c va phan ky. Vi tri can bing la
khong on dinh. Didm dgc biét ma 6 va A thudéc ving 3 goi lu tiéu cu
khong on dinh.

Quy dao pha quanh difm ¢ thong s§ thoa man didu kien 0 < 6 =
2wy = 2VA, nghia la trén dudng cong gisi han ving 3 va vung 4 tuong
ting voi { = -1, p; = p; = 1 13 quy doo pha ciia nit khoéng dn
dinh ndy sinh.

Viing 4. Hé s6 suy gidm cod gid tri am ~1 > { > -, nghiém déu

thuec va dugng :

pp = - ¥{ -1
p = a + Y1
a = —§( > 0.

Quy dao pha la hinh anh d6i xding vdi quy duac pha trong mién 1
qua truc x| nhung diu chuyén déng nguyc lai. Quy dao phe & nit khéng
on dinh,.

2. Trudng hop A = kjky; — ki3ky; < 0 tuong dng vdi phia trdi cua

truc tung.
Vii -A = w% > 0, thay vi (3-18) cd phudng trinh vi phan :

d%x, dx,

1 g PR 0 ; (3-21)

v hal nghiém ctha phuong trinh dae trung la

déu la nghiém thye, khong phu thude vao & va diu khac nhau.

Vieng 5. Vi trl can bang {x;; = 0, x5 = 0} luon khéng 6n dinh. Quy
dgo pha ¢6 dang yén ngiia vi phan ky. Hai quy dao pha dac biét la hai
dudng thiang qua géc truc :

X; = PiX = (% VA X3 = PpXp = X (3-23)

Cac dudvng dang ta la ti6p tuyén nim ngang va thing ding déu niam
d hai phia khic nhau ddi voi dudng dang ta (3-23). Quy dao pha cd dang
hinh deo nii va diém dgc biét khéng on dink nay duge goi la diém yén
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O hinh 3.9 co quy dao pha cida ba trudng hgp khac nhau ecta §
(hay o).

Quy dao pha quanh di€m dac biét ¢ thong 6 A = 0 dng vdi cac
difm né&m trén tryc tung. Phuong trinh (3-12) cd dang :

d°x dx .
a2 -6 [a] = 0. (3-24)

Hé twong duong v6i hai khau quén tinh va tich phan néi ti€p nhau

Vﬁixlzx;xzzagtacci:

dx,
dt
dx, (3-25)
E 6X4

Ta d6, ca truc hoanh (x, = 0) 124 nhing di€ém dic bist. Vi
clia phuong irinh dac trung 1a : "
pp=0,;p =0
Phuong trinh quy dac pha cé dang :

1 _
X=Xty xzn[l i to)] ;

(3-26)

Xdc dinh tit phuong trinh thd hai ¢/ "W = XofX,; va thay vao
phuong trinh ddu ta ¢S moi lien hé gita cac bién pha dang tuyén tinh :
X; — X9 = 6(x; — xy9). (3-27)
Khi 6 < 0, di#m bigu dién cia quy dao pha tié€n dén truc hoanh va
ding ¢ diém x = x5 + (é)xzo (hinh 3.9). Nhu vay diém dac biét ln
vi tri can bang on dinh cia hé.

Khi 6 > 0, toa dd pha tiang dén vo han. Diém ddgc biét trén truc
hoanh Ila vi tri can bdng khong dn dinh.



3.3. HANH TRANG CUA HE KHI CO CHENH LECH LON.
TU DAO DONG

Sau khi xdc dinh cdac dim dac biét va khao sat tinh chit cua cdc
qui trinh & lan can vi tri can bing (trong pham vi bé), cd thé tién dén
khado sdt cA hé phi tuyén, bao gém :

Ngodi cdc trang thai cin bdng, cin zdc dinh cac qua trinh xdic lap
cd thé khac, cing nhu cdc didu kigén bio dam cho hé lam viée & nhiing
ché do dy. Dd 1a cac ché do dac dong o chu ki ma trén mat phing
pha ld nhitng quy dao khép kin, goi 1a chu k¥ gidi han On dinh. Cin
lam r6 nhitng viing cing v6i toa do cia digm bifu dién ma trong méi
vung ¢ mot trong cdc ché do xdc lap cia hé. Gidi han cla nhing viing
dy duge goi la ving hdp ddn cia cac ché€ d6 lam viéc tuong dng, duoc
hinh thanh bdi cdc quy dao pha dac biet, khong dn dinh goi la chu k¥
giot han khéng on dinh va cac ving yén ngua phan ly.

Viéc xay dung quy dao pha trong trudng hop chung kha phic tap
néu khong dung dén mdy tinh. Phuong phap giai tich duge ting dung
déi voi hé tuyén tinh héa ting doan (3-4). Ngoai phuong phap gian
don nhu phuong phdp dudng déng ta (3 -2), cdc phuong phap khic co
thé tham khao & cdc tai lieu [2, 12, 13]. O day cha yéu ding cac
phuong phdp d6 thi va phuong phdp s6 trén cd s3 dang may tinh va
chuogng trinh MATLAB d€ giai v& mé hinh hda.

Xdc dinh thoi gian chuyén déng cia diém bidu dién

Méi lien hé gita sy thay d8i toa do6 di€m bidu didn va thai gian
chuyén d6ng clia nd ndi chung dudc xdc dinh theo hé phuong trinh (3-9).
Néu ding mdy tinh, d¢ chinh xdc cia phuong phap dé thi dwoc ning cao
ré rét. Noi dung t6ng qudt nhu sau :

vdxl— en 3 _ L 14 tich phan th ta oG
L 3r = % nenXm—xz. dy tich phan theo x, ta cg
1
t = [—ax, .

Xy

Diéu d6 cd nghia 12 thoi glan dén moét diém nao trén quy dao pha
1

la khodng cdach phu thudc vao di€m & dudng cong - théng qua x,. Cho
2

nén theo truc x, chia thanh nhiing cung d4 nhé d€ thé hién hanh trang
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cia x4, dai luong x, tuong Ung véi mdi cung cd thé do duge, bien doi
1
thanh - vA tdng cla ching ddge xde dinh, td d6 xac dinh théi gian
2
tudng ing.
Vi du 3-3 V6i vi du 3-2 va qui dao pha nhu & hinh 3.5, xay dung bang
két quad nhu sau : Hai 6t ddu ldy t& hinh vé quy dac pha, <ot thd tu
1
Ia - Vi x, d6i khi bang khong, dé trdnh truong hop khong xac dinh a
2
cot ba, dung d6 chénh léch cia Ax,

Bang 3-1
Gia ti cia mdi | Bién dd 1
X X5 cip X, il X5 o Thai gian
X5 ~

10 0 - - - -
09 -0,54 -0.27 37 037 0.37
08 068 061 164 016 053
07 079 074 135 014 067
06 -0.84 -0.82 122 012 079
05 -0.86 -085 118 012 09
04 -0.90 -0,88 114 on 102
c3 -090 -090 i on 113
02 -086 -0.88 114 on 124
[oX] -084 -85 118 012 136
0 -0.79 082 122 012 148
-01 072 075 133 013 1561
-0,2 -D52 087 149 015 176
-0.3 -0,48 -0.55 182 018 194

’ 04 -0,25 -0.37 270 027 221

1
Cot thd nam la khoang cach cia dudng cong e théng qua x, (chu
2

¥ la d6 rong mdi cung déu nhu nhau va bang 0,1). Cot thd sdu la thai
gian gém téng cua thdi gian dudc xdc dinh ti cE‘Jt tht nam. Két quid c6
th€ so sanh véi cdc dudng cong & hinh 34. Vi du thoi di€m x; bing
khang theo khoang 3-1 la t = 1,48 sec con ¢ dudng cong la t = 2,21 sec.

Cang giam nho x,, két qua xac dinh cang chinh xdc hon.
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Vi du 3—4. Mo hinh héa hé 6n dinh hudng lai 6 vi du 2-1. Mue dich 1a
khao sat anh hudng hé s6 héi tiép do thay ddi r. Dac tinh khudch dai
zy(u,) nhu ¢ hinh 3.10b va khéi phi tuyén z,(u,) nhu & hinh 3.10c (khai
FT). Do khu&ch dai thuat todn bfio hoa |z, | < 100 V nén quy dao pha
giéi han & 0 vudong (hinh 3.11).

FTMRF ¥ IMKFE jé

M

a)

Az lv]

egT

=50 L0

b)

> rQX\

Hinh 3,10

Z=Z/(a)y

Trén doan tuyén tinh caa z,, hé sé Lkhuéch dai Iidn,
lk|=10° >>1 nén c6 thé ding khuéch dai d€ tich phan cdc phuong
trinh vi phan (mo6 hinh hoa khau dong hoe).

S50 d6 md hinh & hinh 3.10 nham muc dich gidi phuong trinh vi
phan :

d’y, dy, dy, 1M
5 = Zy| +kd—t‘—y1;k=T.

ey
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dy,
voi diéu kign dau y, = yi5 5 ¥y = ar - Yo

Néu di€m bi€u dién cét dutng dang ta theo tiép tuyén ngang som
hon (hay cham hon) so v6i truc tung, y, = O thi chénh léch cia digm
bi€u dién so vdi gbc toa do giam (hay tdng) dudc md tad bang ving I
{hay II) trén hinh 3.11.

_]gﬂ
b)
16877
P ]
- _.f:r':l..\__\k_.. 4
RN
/ )
-4 mg L o \ g
- y \ IR
T i ;
ey
IS _/
7 \_i// —]
-0
c) d)
Hinh 3.11
* Khi r lon, dudng thang z = -ky, chi cat z;(y,) & gdc toa d.
Dudng dang ta theo tifp tuyén ngang y, = ky, - Z,(y;) nam tron

trong & thd hai va thd tu

Hinh 3.11a la quy dao pha véi k=0,75; r=1,34M khi z ti6p xic vdi
dudng cong z; (vi tri a & hinh 3.10c). Truong hop nay chi cd m4t trang
thai can bang y; = yy; = 0.

Phuong trinh cda hé :
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v
—— + ——
= %= +y =0
1 de 1
= - == +k=—(2,5—0,75)=0,875<1,
21dy2 |y, 2

*Voi k = I, r = IM dng véi dudng b (hinh 3.10). Duting ding ta
vat ti€p tuyén ngang cét nhiu ldn truec tung cia mat phdng pha. Ngoai
trang thal can bang 6n dinh y; = y; = 0, ¢ thé ¢ dao dong khong
tat ma bién do va td3n s6 khoéng phu thudc diéu kién ban ddu néu didu
kién 4y nidm trong mién hdp din cua chu ky t6i han 1. D6 la ché da
ty dao déng. Tu dao ddong sé khong tén tai néu khéng tac nén chénh
lech ban dau da dat dén chu ky gigi han 2.

* Khi tiép tuc gidm r, dudng thing z = -ky, quay theo chifu kim
déng hd. Dudng déng ta véi tiép tuyén ngang nadm & gée phin tu s mét
va s6 ba. Bién d§ cda chu ky t6i han 6n dinh 1 va khéng én dinh 2
tang dén khi dudng thing z = -ky, trd thanh tiép tuyén z = ydz/dy,
dudng ding td y = 0 vuot qua truc tung vA vi tri cAn bang &n dinh khong
eon nda. Quy dao pha nhu & hinh 3.1lec dng v6i k = 5 ; r = 02M.

Néu diing tac dong kich thich mém (d6i ddu cla y,y) :

dy, . dy,

dt ] Tllat I

thi dutng dang ta y, = -F(y,) d6i ddu ding v6i quj dao pha & hinh 3.11d.
Do 1a trudng hgp r = 1M ; k = 1. Diém dac bigt 1a tiéu cu khong dn
dinh. Dudng cong I 14 chu ky t6i han 6n dinh, con dudng cong 2 - khéng
dn dinh.

2z

-, = —Z

3.4. TUYEN TINH HOA TUNG DOAN

O phuong phdp tuyén tinh hda, tai nhing diém lam viée, dac tinh
la tuyén tinh ; do dd voi nhiing di€m lam viéc khac nhau cd thé bién
doi dac tinh phi tuyén thanh tuyén tinh timg doan ma giao diém cla
nhiing dudng thing xdc dinh cho pham vi tuyén tinh trong mot gi6i han
nhédt dinh.

Khi thuc hién phuong phap x8p xi nay cdn chdi y dén anh hudng
cia nd doéi v6i k&t quad phan tich chdt lugng hé. NG6i cach khac la s6
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lucng va ching leai cdc dig€:: dic biét, ranh gidi cia cdc viung hdp din
cia quy dao pha, cdc chu kj t&1 han va tinh 6n dinh khong thay déi
khi dbng phuong phdp xdp xi dé tuyén tinh hda. Phuong tién d& kiém
tra 1& so sanh vdi két qua méd hinh hda hé so khai.

Diéu rat quan trong d&i voi hé phi tuyén la md tAd todn hoc xudt
phdat tit ban chit vat ]y cua phén td phi tuyén, vi du cac khe hg, gdi
ti, rale, khoa, trigg v.v...

Truée tién hiay xét anh hudng cua dang dac tinh phi tuyén tinh titng
doan anh hudng dén quy dac pha nhu th€ nao. Mbi doan tuyén tinh cla
dac tinh z{x)) va zj(xz) cua cdc phén td trong hé ma khéng bi gian doan
hay gay khiic sé tuong dng vii mdt ving riéng biét (k = a, b, c..), trong
ving &y v&€ phai cia hé phuong trinh vi phan la tuyén tinh theo ci hai
bién pha.

Nhu vay, ta cd thé viét :

dfdt = Ky + kyxp + kypxg

Axofdt = kyy + koxy + Kppxy (3-28)
Vi kg = fi{x; = 0 ;x5 = 0) = f(0) va kyy = £y(0).
Toa do cua di€ém dac biét dx,/dt = dx,/dt = 0 :
~kygkyy + kyokyp
s T kyjkyy = Kppkyy ;
(3-29)

kigks — kookyy
kikyy = kygkyy

X =

biém dac biét thudng khong phai la trang thai can bang cha he.
Theo (3-28) ; kyg = — (kyxs + kipxpg) vl kyy = — (hyyxyg + kooxyy),
phuong trinh vi phdn cta qu{ daoc pha ung vai (3-12) nhu sau :
dxl
FT kiyp(xp —xp9) + kp(xz = x39) 5
x, (3-30)
P kyy (%3 = x39) + kyp (x5~ x5) -

So sdnh (3-30} vai (3-12) th8y rang, su khdc nhau duy nhit giita
chiung la sy dich chuyén di€m dic biét tu gic toa d& dén diém cd toa
do (3-29). Nhu vay, mol phén tich ¢ 3-3 déu c¢d thé 4p dung cho hé
tuyén tinh ting dean.
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Truang hop dac biét 1a khi A = 0, nhit 1a vdi :

dx)/dt = x5 ;
dx,/dt = 6(x, - %) } (3-31)
khdc voi (3-25) la ed thanh phin ky, = £5(0) = —6x,,
Phuong trinh ctia cdc dudng cong tich phan cd dang :
dx, X2 7 X
al =6 7){2 , {3-32)

%
Dudng ding ta 1a duong %

dle
thang x, = — _.; song song NH&\
X a 7 —= M= X
@S

vdi hoanh true nhu & hinh 3.12

va dudng dang ta v4i tiép tuyén //(\\
song song v&i truc hoanh déng ) \\\ \\
a

thai la gigi han cda quy dao pha

cua hé. ///
Quy dao pha cho truong hgp -

6 < 0va & > 0 nhu 8 hinh 312a \\\\\\\\6

va 3.12b tuong Ung. >7
Vdi diéu kién o = 0, (3-31) / /

¢d dang :

dx,/dt Xy l b)
dyat = ¢ | O7%)
Quy dao pha nhu & hinh 3.13
tuong dudng voi hai khau tich
phan ndi tiép.

Cd hai dang chuyén déi
dac tinh phi tuyén tinh ting / =0
doan

Hinh 3.12

1. Chuyén d&i ma vin giu
tinh lién tuc cua vé& phai
phuong trinh +i phan (3-30),

nghia 1a van gilt tinh lién tuc

cua tdc do pha, dac trung cho
cac hé tuyén tinh ting doan Hinh 3.13
lién tuc.



2. Chuyén ddi v4i t6c dd pha gian doan nhung quy dao pha lién tuc,

diac trung che hé tuyén tinh ting dean cd chuyén dai.

3.4.1. HE TUYEN TINH TUNG DPOAN LIEN TUC

Vi cdac ham fi(x), x,) va fy(x;, x,) bién ddi nhung vin gii tinh lién
tuc nén dudng ding td cia hé (3-28) cing lién tue va la nhitng dudng
gay khuc. Quy dao pha khong giy khiie.

It du 3-5 Hé tuy dong ¢ so d8 khéi nhu & hinh 3.14.

fugl e luge ol
13 v

uﬁf
K
K o
“ 1+ s7,
Hinh 3.14
bat x; = 8, - 6, ; x, = dx)/dt, ¢ hé phuong trinh :
dx
& - % = hix)
dXZ
= -f,(2sinx)) - x,

] = 1
Khau phi tuyén thd nhidt la dac tinh clia xenxin :
fi(x)) = UgsinAf = U sinx,
Khau phi tuyén thd hai la khuéch dai c6 bio hoa. Khau phi tuyén
thd ba la dac tinh ki€u khe hd cta bd giam tdc.

Mat phing pha duge mé ti bing bdn ving (t9) khdc nhau nhu &
hinh 3.15.

To fvitng) a. La viung tuyén tinh khi cd chénh léch gde bé .
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dSinXl
dx,

|2sinx;| = 1 ; >0

Bién gi6i cha ving niy la cdc dudng thing ding
1

Xy = arcsin<—§> = —% ;
. 1 n
va x| = arc31n(+-2-) =%
Trong pham vi 4y : dx,df = x;
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Dd la phuong trinh cua quy dao pha hudng vao tiéu cu & goc tea doé -
difm dac biét x;,, = %, = 0 Dao ddng cd ty s6 tat dan bang 0,5
T& feang) b. D6 la vang bde héa duong £, = 1 cd gidi han &/6 <

5
Xy < T — g = En .
dx fdt = x, ;
nhu ¢ hé phuong trinh (3-31) véi 6 = -1 ; % = -1, Qu¥ dao pha trong

ving bo hoa duong cha khuéch dai va khi phén tuyén tinh cia hé cd
tdic déng vao khong ddi tuong ng véi téc d6 quay déu cta dong co sé
tién dén duong thang dac biét : x, = -1 = const.
To (vitng) ¢. Vang baoc hoa 4m :
5 T

22=_1’_€E Cxl ‘\-’.E
va dx,/dt = x5 ;

dx,/d7r = -x, + 1. J
Ty d6 ¢ = -1 ; x,, = 1 Ung vii dudng ding ta x, = ~(1- ! nhu &
hinh 3.15. Quy dao pha ving ¢ d6i xing vai viang b.

To fviing) d. Viung tuyén tinh cia gdc quay quanh tri s6 =.

dsinx;

[2sinx;}] = 1 ; < 0.

dx,
Bién gigi cia vang 1a cic dudng thang ddng :

1 x 5 - 1 x 7
x1=arcsm§ =7 - i i va Xy = arcsin (—5) = x+g =57
Trong vung tuyén tinh 4y, x; od thé ducge tinh gan ding : sinx, =

7 — x|, do dd :
dx/dt = x; ;
dx,/dr = x; - %, + 7 . }
Di€m dac biét x;, = 7 ; x5, = 0 14 diém yén ngua.
Tinh lién tuc clia quy dao pha ti ving ndy sang ving khdc va tinh

liéen tuc cua cdc duong dang td nhu & hinh 3.15
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3.4.2. HE TUYEN TINH TUNG DPOAN VOI PAC TINH PHU TUYEN
GIAN POAN - HE ROLE

Hé role 1a hé thuong gip va dac trung cho loai thi hai cda tinh
chdt tuyén tinh ting doan.

3.4.2.1. Hé role vii dic tinh role hai vi tri

O hinh 3.16 ¢d so d6 khdi cla hé ro le ma khau phi tuyén 1a roie
hai vi tri (role Iy tudng nhu & hink 1.7¢) didu khi€n d6i tuong la hai
khau tich phan. D&i tugng nay ed th€ la dong co mot chiéu kich tu doe
lap nhu & hinh 2.3 tai liéu [18). Trong thuc t€ hay dung role d€ diéu

khién gdc quay cua dong co mot chidu, ching han x; = 6).
XJ:O & K ;2' _f_ Xz H X;
. s 3 —
Hinh 3.16

Theo hinh 3.16 ta c¢d thé cd hé phuong trinh sau :

dx,fdt = + K. (3-34)
Chia hai phuong trinh nay cho nhau ta cd :
E = % ‘I‘{* (3-35)
dx, T ya
Quy dao pha cd dang parabon v&i phuong trinh

Tuy thuéc vao diéu kién ddu ma quy dao pha la ho nhitng dudng
parabon khép kin nhu & hinh 3.17a. D6 14 ch& dd ty dao déng & hé phi
tuyén - dao dong vdi bién d¢ khong thay ddi. Duiang chuyén déi 1a truc
X; tuong ung véi x; = 0. Vi khi x, = £ > O thi e = -¢ < 0 va quy
dao pha ting véi -K ; con khi x; = € < 0 thi e = & > 0, quy dao pha
Ung voi +K, rale phai chuyén d6i vi tri tb -K sang vi tri +K.
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Hinh 3.17

Ban doc hay giai thich vi saoc khi role ed viing kém nhay (hay role
ba vi tri nhu & hinh 1.8b) quy dao pha cing 13 dudng cong khép kin
(ch& do tu dao déng), nhung & ving kém nhay (+ x,) thi quy dao pha
song song voi truc hoanh, con khi role hai vi tri od tré (hinh 1.10¢) thi
quy dao pha phan ky va hé khong 8n dinh.

Ca ba trutng hgp trén déu khéng th€ s dung hé role nhu vay d8
diéu khién vi tri vi hé lén dao dong hoac khéng 6n dinh. Do do can
dn dinh hé bang héi tiép cuc bo.

3.4.2.2. &n dinh héa hé ro le

O hinh 3.18 ¢6 so d6 khéi ctia hé role nhu & hinh 3.16 nhung cd
dung héi ti€p am téc do bang khau ty Ié «.

L 2 LLE
S S N

Hinh 3.18

Trong trudng hop nay, dudbng chuyén déi khong con 1A truc x, ma la
dudng thang di qua gbc truc nhu & hinh 3.19. Khi e =-(x,+ax,) =0 1a
dudng chuyén d6i thi vé hai phia cia nd 13 quj dao pha 1ing voi +K
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va ~K nhu & hinh 3.19. A%
Quy dao pha héi tu, oK
qua trinh la dao dong +H
tdt dan va tién dén S
trang thai caAn bing ¢
goc toa d¢ (vdi x4 = 0).

N&u quan sat ky

7

quy dao pha voi hé sb
phdn hoéi lon, ta thay
cd mdt doan thing AB

Budrg vérr JBE

ciia duding chuyén déi, - (K F X ) =0
= b =

trong pham vi nay

chuyén dong sé dudc Hinh 3.19
thuc hién theo ché do
trugt, nghia 14 theo | )

dusng chuyén d6i ma
khéng theo quy dao
pha.

O hé role thye (cd

ving kém nhay nhit

dinh} chuyén dong sé

theo dudng gay khic
nhu & hinh 3.20.

O ché dé truct,
hé ¢d hanh vi nhu mot
hé tuyén tinh va chit
lugng cua hé dugc
nang cao. D6 la mét dang cia nhitng hé e¢d cdu truc bién déi.

Hinh 3.20

Mac di hé ¢d nhitng uvu difm quan trong (tinh bén ving khi thong
s6 bién d61) nhung viéc Ung dung trong thuc t&€ cé nhitng han ch& nhu :
cd cdu lam viéc & ch& do rung nang né va khi bic cao phai dung moét
80 khau vi phan.

Tuy nhién, thay vi role lam viéc & ch€ dd nang nhoc, nhimng cd céu

dién ti nhu cdc bo rung cho phép lam vide véi tdn s§ cao da khac phue
duge nhuge digm ndl trén.



3.4.2.3. Ché d6 t5i wu tdc ding nhunh

Quan sat dudng chuyén déi & ché d6 trugt e th& nghi ngay rang,
néu dudng chuyén déi khong o dang dudng thing ma cling o dang
parabdén nhu quj dao pha thi role chi d8i ddu mot lan dé di dén trang
thai can bang va khéng cé ch€ do trugt. S¢ dd dugc thuc hién bang cich
ding khau phi tuyén tinh & héi ti€p euc bé nhu & hinh 3.21. Dd 1a y
nghia ctia viée ding ciac khau phi tuyén dé nang cao chdt luong cia hé
nhy did néu & phin diu. Cd thé€ cd nhiéu cich d€ thuc hién mach hsi
ti€p phi tuyén ndi trén (xem I1.14 tai lieu [18]).

Hinh 3.21

Bay gid dudng chuyén d6i cd dang :
%
e = —(x] + Esignxz) =0 (3-37)
hay :
x| %z |
"t ) =0

O tai litu {18] cd ching minh hé ndi trén la tdi wu tac déng nhanh.

a

3.4.24. H¢ cé cdu triic bién d5i

O vi du 3-1 ¢6 quy dao pha cia hé tuyén tinh bac hai ‘hinh 3.2).
Tuy thudc vae gid tri cla w; Ién hay bé hon 1 ma hinh dang cta elip



X

-

=
C-«o_\ -
To \\\_
C"’S -
C’ S
hena
05;-
Hinh 3.22

mé tAd quf dao pha ctia hé khac nhau. O hinh 323 6 quj dao pha cho
hai truong hop néi trén. Néu lan lugt thay d8i cac gid tri o, sao cho
quy dao pha cda hé ngay cang xody vao géc toa d0, ta sé ¢d dao déng
tit didn nhu ¢ hinh 3.24a.

Luu ¥ ring ¢ phdn tu thd nhat A%

va thi ba, tich cia xx; > 0;

“pp A

cdbn & 6 phan tu thd hai va
thd tu, tich cha x;x, < 0. ) a7
Diéu 4y duge thuc hién theo - 'w ~

sd d6 khéi nhu ¢ hinh 3.24b. -, ’ x

Khi dong dién qua cudn

.

day role duong (xx, > 0)
ti€p di€m role déng vé phia
a con dong dién gua cudn

diy am (x;x; < 0) tiép -,

diém role ddng vé phia 6.
Hinh 3.23
Mot ldn nita ta thay y

nghia cta viée thém khau phi tuyén vao hé diéu khién d€ cai thién ché

dé lam viéc clia nd.
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Hinh 3.24

3.5. DAO DONG HON LOAN TRONG HE PHI TUYEN

3.5.1. TINH HOI TU CUA CAC PHUONG PHAP LAP

Bat ddu bing modt vi du. Short L. (1992) da khao sat hanh vi cta

mét qud trinh lip sau day :
X4y = f(xg) = = 0,5(x; — 6x2 + 9x. — 6), r=0,1,2,... (3-88)
d€ giai phuong trinh (x-1) x-2) (x-3) = 0.
Phuong trinh trén cd cac dic tinh sau :
(1) = 0 va £7(1) = 0,
fi2y = 0
'(3) = 0 va (3) = 0.

Vin dé chinh la xac dinh pham vi xfp xi ban ddu d€ héi tu vé cac
nghiém khdc nhau. D& gidn don, vé dudng thing y = x va y = f(x} cd
d6 nghiéng bang 1. Phan tich d6 thi cho thdy, néu diém xuit phat nam
trong pham vi tit 1 dén 1,43 {(gén ddng) thi cic di€m ay hoi tu vé nghiém
bang 1 ; con trong pham vi tit 2,57 (gdn ding) dén 3 thi héi tu vé
nghiém bang 3. Short L. cing khao sit nhidu pham vi khdc ma mot s6
diéu kién ban ddu da din dén dao dong hén loan & qua trinh lap. O
hinh 325 ed vi du cho trudng hop trén.
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Vi diém xuit
phat x, = 4,236067968
thi diém hoi tu la
nghiém x = 3 (cac
diém 0, 1, 2, .., 9 co
ddu "o"). Néu lidy diém
xudt phat khac trude
khéng dang ké, nghia
la : xy = 4,236067970
thi diém ho6i tu lai la
nghiém x = 1 (cac
diem 0, 1, 2, .., 9 c6
ddu "+"). Nhu viay mot
su thay d8i nho cua

diéu kién d&du cing
din dén dap ung rit
khiac nhau la #inh hén loan cta hé (tinh nhay cam véi diéu kién dau).

Hinh 3.25

3.52. MO HINH PHAT TRIEN DAN SO

Trude day nhiéu nha khoa hoc cho rang mé hinh gian don thi dap
Uing gidn don va hanh vi caa hé ciing gian don. Tuy nhién khodng ba
muoi nam trudec, mot s6 nha khoa hoc va kj su da kham pha ra riang.
nhitng m6 hinh gidn don cho phép doan truéec duge hanh vi ctia né trong
moét thoi gian ngidn nhung tinh nhay cam véi diéu kién ddu khong cho
phép du doan dugec hanh vi cia nd cho thoi gian dai. D6 1a truong hop
cia mo hinh du bao thoi tiét cia Lorenz (1963) hay M6 hinh phat trién
dan s6 cua May (1976).

Gia thiét ring dan s6 trong mét chu ky thoi gian nao dé la ham
cia chu ky thoi gian truéc dé. Mé hinh toan hoc cé dang :
trong do : n, —dan s6 ¢ dau chu ky k ;

by - s6 nguvi dudc sinh ra & chu ky k ;
dy - s6 ngudi chét & chu ky k. _

Gia thiét 1a s6 nguoi sinh va ti & chu ky k ty 1& v6i dan s6 4 diu

chu ky :
by = apng , (3-40)
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d = agny (3-41)

a, va a4 déu la hang Vay :

N, = 0+ ayn, - oagn (8-42)
hay : ng, = (1 + ring = an, . (3 -43)
mir =oqg,-aja=1+r1=1+ a - a

D&i véi hé thue thi « > 0. Nghiém giai tich cia (3-43) la :
n, = o'n, . (3-44)
ma n, la diéu kién déu.
Khao sat cho thdy :
a < 1 thi dan s8 gidm & méi chu ky thai gian (hai tu dén
khong) ;
« > 1 thi dan s6 ting & mdi chu ky thdi gian (— =),
a = 1 thi dan s8 khéng thay d&i
Két qua duge thé hign & hinh 3.26. K&t qua nay la hop ly dng véi
ba trutng hgp : sinh < t&, sinh = t va sinh > td. M6 hinh cta Malthus
¢ thé ky 19 dy bdo ting dan =8 (o« > 1) theo ham md. Tuy nhién viéc
ting dan s6 dén vo clng la khong thuc t& vi trong thuc t& ludn cé nhing
han ch& cia dan s8 cuec daj.

30
25 1
+
5 - +
‘% 20 X =77 +
o +
LA O +
Q + 7
o+ X =7
i
a5 + -
X =23
a 1 1 ] i
g 2 % & 8 e
Cha ky T
Hinh 3.28
Vi vay thay vi (3-39) dung mé hinh sau :

Vi (3-45) la phuong trinh dong hoc gidn doan, ¢ thé xic dinh trang
thai xdc lAp bang cdch tim nghiém khi k — «. Ti (3-45) ta 6 :
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Xy = GXy — axﬁ . (3-46)
g trang thai xdc lap x.,| = x. nén :
X, = ax, - ax , (3-47)
hay - ax? —(@-Dx, = 0. (3-48)
Vay nghiém 1a :
a1
x, = 0 va {3-49)

[£4

T (3-45) thdy rang, néu dan s6 ban diu bang O thi sau dd vin la

0, con néu diéu kién ddu khde 0, din s8 s hoi tu dén (« -1)a (xac lap}.

Tuy nhién vige xac dinh dan sd trong thoi gian dai (zxdc lap) cing kha

phic tap. O bang 3-1 ¢S néu bén trudng hop cua thong s6 o khdc nhau
va trang thai xdc lap khdc 0 theo (3-49).

Msi trudng hop & bang 8- 1 nay tuong dng véi trang thai déng hoc

khac nhau, Vi du truong hgp I ung véai trang thai 6n dinh tiém can,

trudng hop 2, 3 14 daoc doéng cd chu ky con trang thai 4 la dao dong

hén loan.
a8 ‘ : . : — — Bang 3-1
Ddn 56
i \/\/\/\/‘\/\/\/\/\/\/\/WAMAMM Trieng
! 4 X5
hgp
1 295 06610 |
i 2 320 06875 |
3 350 07143 |
| 4 375 07333
Chu by t
i 1 1 L 1 L L 1 L
5 1 15 20 25 3z 35 48 45 55
Hinh 3.27
Vi du &

trudng hop thd nhit, (3-45) cd dang :
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Xk+1 = 2,95Xk(1 —xk),
O bang 3-2 cd cdc théng s6 tinh toan v6i diéu kien ddu x, = 0,1,
con & hinh 3.27 la dao déng ctéa dan s8 trude khi héi tu dén trang thai
xdc lap, tuong ung v4i x = 0,6610.

H meaay T T T
Din 56’ Bing 3-2
i 4
Bude k X X
a8 }_ L4 k+ 1
arf ! 0 0,1 0.2655
e 1 02655 | 05753
’ 2 05753 07208
asp J I 7 3 07208 | 05937
s " i 4 05937 07116
5 0716 06054
23 -
azl ~ o 0,6610 06610
9 Che kg £
i Y N i A 1
¥ &8 a5 a0 a5 i

Hinh 3.28

() hinh 3.28 1a trudng hop thu tu véi « = 3,75 Pay lai 1a truding
hop dao déng hdn loan va véi diéu kién ddu khac nhau khong dang ké :

3.5.3. PHUONG TRINH LORENZ

Nam 1961, gido su khi tuong hoc Edward Lorenz khac sit md hinh
khi quyén da don gian hoa gém 12 phuong trinh. D6 1a quan hé giia
nhiét do, 4p sudt, tdc d¢ va hudng gid v.v.. Ong thue hién mé hinh theo
phuong phip sd va xdc dinh dugc hanh vi cia cdc bién nhung khang bac
gig két qua ay lap lal nhu truée. Mot hom ong quyét dinh khao sit trong
thoi gian dai hon trudc. Thay vi bat ddu lai ti ddu, Ong dung cdc diéu
kién ddu san cS. Mot thoi gian sau 6ng trd lai, 6ng ngac nhién thiy hé
khéng con héi ty nita. Sau khi khang dinh dé chinh x4dc cia may tinh,
6ng kham pha ra tinh chdt quan trong cia mét 56 hé phi tuyén la riat
nhay cAm véi didu kién dau "

DE rit ra dic di€m cia loai hé phi tuyén 4y mét cdch don gian
han, 6ng dung moé hinh khi quyén véi ba phuong trinh co ban sau :
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Xp = 6(x; —x|) 3

{3-50)
Xy = IR - X — XX3 ; {3-51)
Xy = XX, ~ bxy. (3-52)
Tuy&n tinh hda cac phuong trinh trén ¢ lan can trang thai xdc lap
ta ¢é ma tran Jacobian (2- 19} :
[ -6 6 0
J N SN (3-53)
Xog Xig —hb
D61 v6i nghiém : x| X; = X3, = 0, ma trdn Jacobian c¢d
dang :
(-6 6 0
Jy r -1 0], (3-54)
¢ 0 -b
L

Diéu kién 6n dinh duge xdc dinh ti nghiém cua det Al - Jp = 0.
Trong truong hop nghiém khéng thi diéu kién 6n dinh tuong dng véi
det Al — J)) = 0 ma :

A+o —6 O
Al — Jx = X3s—r A+l %

5

. (3-55)
TXpy Xy Ath

Hinh a.29
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Trong trutng hop dao ddng hén loan, mé hinh hda duge thye hién
voi r = 12662 (tri s0 gidi han 6n dinh duge tinh biang r, = 24 743,
3 hinh 3.29a ¢d quy dao pha x4(x;) va & hinh 3.29b cd dac tinh
x (1), %,(t), x5(t}) v6i cac thoéng s6 sau : 6 = 10 ; b = 83 ; x4 =~ 7,69 ;
Xgy == 15,61 ; xy3 = 90,39 ; thoi gian thyc hién 1a 8 sec ; d6 chinh xdc
bang 0,000005.

3.6. DUNG MAY TiNH DE KHAO SAT HE DIKU KHIEN
TU PONG

Mst s6 vi du iing dung.
W du 3-46. Giali phudng trinh phi tuyén (3-38) :

X

by = flx) = -05x> -6x2 + 9x. - 6), r = 0, 1

bang phuong phap lap.
Dung chuong trinh MATLAB sau :
=> x= 75 : .1 : 45 ; f= —05%(x. A3 -6%x. A2+ 9"x-6)
>> plotix,f) ; axis ([.75,4.5,14]) ;
>> hold on ; plotix,x) ;
>> xlabel(’x’) ; vlabel(’f{x})’) ; grid on ;
>> ch=[0+"] ; ty=0 ;
>> num= (0, 'Y, 'Y, ¥, 4, 5, ’6, T, '8, 9] ;
>> for x1={4.236067970 4.236067968]
ty=ty+1 ;
for 1=1:19
x2= - 0.5%(x1A3-6%x1A2+ 9*x1-6) ;
if i==10
text {4.25, - .2, "0 ;
elseif 1>10
text (x1, x2+.1, num (i-9) )
end,
plot (x1x2.chity)) ; x1=x2 ;
end ;

end ;

¥

=>> hold off
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Chuong trinh trén cho k&t qua nhu & hinh vé 3.25 Sy khac nhau
rdt bé ¢ diéu kién dau x, da dan dén cdc diém héi tu khac nhau. D6
la dac didm cia hé phi tuyén tinh.

Vi du 3-7. Mé hinh phat trién dan s8 (3-45) :

Nhu & bang 3-1, khi @ = 2,95 thi hé 6n dinh va két qua mé hinh
héa nhu & hinh 3.27. V6i chuong trinh trén, khi ¢« = 3,75 ¢ dao dong
hén loan. O hinh 3.28 c¢d dac tinh cta x vdi didu kién ddu khac
nhau : 0,1 va 0,101.

>> % Mo hinh phat trien dan so
>> % n-thoi gian cua chu ky
>> n = B0

»> alpha= 2.95 ;

>> % xinit~-Dan so ban dau
>>» xinit=0.1 ;
>> x{1y = xinit ;
>> time(l) = 0 ;
>> for k = 2 :n+1 ;

time(k} = k-1 ;

x(k) =alpha”x(k-1)*(1- x(k-1)) ;

end
>> plot (timex)

Vi du 3-8 Phuong trinh Lorenz (3-50, 3-51, 3-52). Dé gian don,
ding chuong trinh con sau khi mé "M-file" cho hé phuong trinh cu
thé sau :

2, = 10z, - %} ;
x, = 126,52x; - x, — X;X3 ; (3-56)

8

i3 = XX —

Hé phuong trinh trén tudng dng vdi truong hgp dac déng hon loan.
function fv=15056{tx}
global r
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fv=zeros(3,1) ;fv(1)=10"(x(2)- x(1)) ;
fv(2)=r"x(1)-x(2)-x(1)*x(3) ; fv(3)=x(1)"x(2) -8"x(3)/3 ;

Véi diéu kién dau x = [7,69 -15,61 90,39]T, ta lap chuong trinh sau :

-
=>>
>>
-3
=>>
>>
=>>
=>>
>>
>>
>>
==
>>.

>>

% Giai phuong trinh Lorenz
global r
r=126.52 ;

b

simtime=8 ;

2

acc=0.000005 ;
initx=[-7.69 - 15.61 90.39]" ;
tspan=[0 simtime] ;
options=odeset('RelTol’,acc) ;

% Goi ode4b de giai p.trinh

[t x]=0de45('f505’ tspan,initx,options) ;
figure(l) ; plot(t,x) ;

xlabel(’thoi gian’) ; ylabel(’x’) ;
figure(2) ; plot(x(:,1),x(:,3)) ;
xlabel(Cxl’) ; ylabel(’x3’) ;

Quy dao pha va dac tinh thoi gian nhu & hinh 3:29a, b. M6 hinh
phi tuyén (hay hé diéu khién ndi chung) cd thé thuc hién gidn don béng
cach dung SIMULINK (xem Phu luc) hay TUTSIM [18].
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Phuong trinh (3-56) dudc thuc hién theo so d6 khéi nhu & hinh 3.30a
va quy dao pha nhu ¢ hinh 3.30b.

O hinh 3.31 con ¢ quy dao pha ndi trén dugc mé hinh hda theo
TUTSIM.

Vi du 3-9. O vi du 2-2 ¢S he phuong trinh phi tuyén (2-6) :

y 3
X, = -2x] -1,5xx, + u

Sau khi xac dinh diéu kién dau
x, = [0,7937 017 va u, = [0 1],
ta ¢cd hé phuong trinh tuyén tmh
hoa (2-22) : =

i Fup0ron L feey o [t g
¥eq JmiB78.: —118] ¥ ' Al
|
i

Két hop MATLAB va| i
{

SIMULINK cho phép don gian hda | . A

Iy 1 T8 EECTETY |5 I L RTRTY LS S——.

viéc so sanh hé phi tuyén va Hinh 3.31

tuyén tinh hda.

—— =
'::'”*\} z"xz:’f"r
b=

Ls J T - _“,‘IE]J[
L N
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Hinh 3.32

Di€ém lam viéc cd thé dugec xac dinh theo phuong phap dung
SIMULINK la phuong phap dung so d6 khéi & chuong trinh MATLAB :

e BSau khi dung lénh SIMULINK3, ¢ thé dung cdac khéi cd sin
trong chuong trinh dé thuc hién viéc mé hinh hda theo hinh PL2. Khau
phi tuyén x> duge thuc hién bang khéi "Fen" chita ham mid ur3. So d6
khéi nhu ¢ hinh 3.32.
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e Luu lai chuwong trinh v8i tén nimod, chang han & "M-file". Trong
chuong trinh cé cdc lénh frim va linmod ; co thé dung help trim va help
limod d& biét noi dung lénh.

¢ Diung MATLAB thuc hién cdc lénh sau :

>> % xac dinh diem lam viec

> > [xo,uoy0,dx]=trim{’nlmed’,[11°],1,1.[ LLLD

>> % xac dinh mo hinh khong gian trang thai tai diem lam
viec tu dieu kien dau xo va uo

> >[jxju,c,di=linmod{'nlmod’,x0,uo}

O lénh #rim, [1 11 la giA dinh ban ddu cla x_, s6 1 ddu tién la
dai lugng u, va s6 1 tiép theo la gid dinh ban ddu ctia y, {(tin hiéu ra
¢ diém lam vigc xdc 13p). Ba thanh phén cdn lai : [1,1,[] c6 hai ma
tran réng cho phép angorit bién déi dai luong x, va y, trong qua trinh
xdc dinh di€m lam viéc xac lap, con s6 1 iing véi u, dude x4c dinh bang
moét.

Vi du 3-If. Bién dang cia mdé hinh theo khong gian trang thai

Chuyén dong cia mdt angten dugc md ta bdi :

x = Ax + bu ; }

¥y = cx + du.

0 1 0 0
véi A=10-1 1] b= 0;c=[100],d:0
0 0 -5 5
T_.__,_ ———tp Y =X (nguyén fhuy)
i pre— - Y =W o)
"N PR |
——%=xg (mw)
- - — —"'-)_f‘:.—).} o)
Vo
X: Xz Xj
S [;a 28 12]
S,
Hinh 3.33

Hé ¢ mét vao mét ra, dd 1a mach thuan nhu & hinh 3.33. Néu
ding bién a, b, ¢, d d€ mé td A, b, ¢, d theo MATLAB, cdc lénh :
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>> a=[010;0-11,;00-5];

>> b = [0 ;0 ;58] ;¢=01009;d=20;

>> step {abed) ; grid
sé chi cho diac tinh ddu ra cia hé, d¢ la gdc quay cia angten (rad). Néu
cdn cd cdc ddp ung trang thdl khac nhu tdc d6 va gia tO0c angten, ding
cac lénh :

=>> [yx,t]l = step (ab,ed) ;

>> plot (tx) ; grid

Khi cdn quan sat tin hiéu vao (bac thang don vi) dung tin hiéu ra
thit hai. Bay gio ¢ vd d moé td phuong trinh tin hidu ra :

y=c¢x + du =[100x%x =x
Hé phuong trinh méi sé 1a :

i = Ix + Ox; + 0%y + Ou

y2=0x1+0x2+0x3+1u,}

hay dang ma trdn : y = cx + du

. N % S ] I
vai ¥y = yz’c_000va_1

Bién dang cha mé hinh theo MATLAB bay gig la :
»>> c¢c = [c; 000]; % thém hang 0 vao ¢
>> d = [d; 1] ; % hang mdi biang 1 duge thém vao d, ndi tin
hiéu vao véi tin hiéu ra thu hai
>> step (abed) ;
hoac > [yxt]l = step (ab,cd}
>> plot (ty) ; grid.

Dé thém bién trang thai vao tin hiéu ra mdi, mét hang 0 duge thém
vac ma trdn D cho méi tin hiéu ra vA & ma tran C mét hang mdi duge
thém vao v&i tri s6 bidng 1 & bién trang thai tuong dUng (nhitng tri sd
khac bang 0).

Lénh “augstate” sé tu dong bién moi trang thai thanh tin hiéu ra
méi nhung thudng khdong cin thiét. Trong vi du trén d&€ od dd bon tin
hiéu ra, ta dang :
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Dang lénh :
>> ¢ =[c;010;001 ;d=10[d,;0;0;
»>> [yxt] = step (abed) ;
== plot {t,y) ; grid.
Trong trudng hop hé kin, vi du, ¢ hé trén dung vectd héi tiép
k = [10 28 1.2] d6i vOi cac bién trang thal x|, x,, x4 (hay y, yi, vy,
diung lénh :
>> [acbeec,de} = feedback (abedf1.[]1[1],
[10 28 1.2],-1, {1 3 43 ;
>> [yx,t] = step {ac, be, ce, do) ;
>> plot (tyy) ; grid
D#c tinh cta hé angten & vi du 3-10 nhu & hinh 3.34. O feedback
a, b, ¢, d 1a khéng gian trang thai cia mé hinh [], [3, [], [10 2.8 1.2]
la md6 hinh trang thai clia héi tiép, -1 1a4 hdi tiép am con vecto [1 3 4]
1a tin higu ra & mach thuan.
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Hinh 3.34
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Vi du 3-11. V&i hé tuyén tinh hda & vi du 2-2 va 3-9 mod ta bdi phuong
trinh (2-22), tin hiéu vao u, = -0,1, dung cic lénh sau :

>>a=1[0 1, -3.78 - 1.19] ; b=[0 ; -0.1] ;

>> ¢ = [1 0]; d=0 ;

==y x,t]=steplab,c,d) ;

>> ploti(t,x) ; grid

Dac tinh x; v4 x, nhu & hinh 335 va gidng nhu két qud mé hinh

hoa & hinh 2.4b. -

Vi du 342, Xac dinh ddp dng cha hé od diéu kign ddu cho truse :

x| [ o 1] |=| (2@ 2
x|  (-10 - |7 %@ " [ 1]

hay : x = Ax, x(0) = x_.
Bap wng ci/a 4é fuyén tink hoa theo (2.22)
a4 T T 7 S
X, : i : i | . ' .
7 S IS SRS SR S SUOU AU S S oo
1 ! L} 1 r
i ' l i : : ;
] L R
1 ! ' : ' ! ' !
| ! ' H § ! ! i !
| 1 i 1 ' f 1
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| ' | f ' i ' ' 1
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! 1
! | G | ; L : |
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X, o ! ! ' 1 1
Y, F) . AL :.f_-_’:e_”__'ff._-__ﬁ_____g _____ IR ISR S
] ' 1 ! ! ! 1 1 |
I 1 ! 1 ' L i I
: H : . ' i ; ; !
-0é .
a f 2 3 4 5 & 7 & K 10
{, sec
Hinh 3.3%

Xdc dinh ddp 1ing cia hé tuong dng vdi gidi hé phuong trinh sau :
z = Az + Bu ;
x = Az + Bu
ma B = x(0lu = 1(t)

Ding cdc lénh sau :



>>A=[01 —-10 —-5];
>> B=[2;1] ;
»>> [x,z,t]=step(A.B,AB) ;
>> xl=[1 % ;
>>» x2=[0 11'x" ;
> plot{tx) ; grid
>> title('Dap ung doi voi dieu kien dau’)
>> xlabel ('t sec’)
>> ylabel ('x1,x2")
Ddp dng x; vA x, ¢ vi du trén nhu hinh 3.36.

Dol wng @6 voi &iéy kién dbg

Hinh 3.38
BAI TAP CHUONG 3
Bai tip 3-1. Cho hé phuong trinh
% = -x, ;
).;2 = —4x,.
Diem cén bing c¢6 8n dinh khéng ?
Bdp dn :
Nghiém cta hé phuong trinh trén la :
() = xe;
x,(t) = X209_4l ;
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Do la hé 6n dinh v8i moi diéu kién ddu cd quy dao pha nhu & hinh
337

S T T T | T [ 1

Hinh 3.37
Bii tip 3-2 Cho hé phuong trinh :
).{2 = 4X2‘

Diém can bang cd dn dinh khong ?

Didp dn
Nghiém ctia hé phuong trinh trén la :
(1) = xe’;
X5(t) = inem ;

Bo 1a hé khéng dn dinh trit trudng hgp x, = 0 nhu & hinh 3.38.
Bdi tgp 3-3 Cho hé phuong trinh sau :

).(2 = le - Kz‘

. Hé c6 on dinh khéng ?

- » 2 1
hayx=Axv01A—[2 _q




Bip dn
(Gida tri riéng duge xac dinh bai

i-2 -1
det |7, 7 L =@A-20+hH-2=0.

A, = -15616 ; i, = 25616.

Vectd riéng tuong ung la :

) 0,2703 0,8719

§1= |_oge2s| ' 52 = |o0.4306

. — S ’r i \l \T T
T { 2 \ "i

__ _//K
i
_5L5 1 ] | | g | | ! | J.

Himh 3.38

I

Vi véi 4; < 0, & la khong gian con 6n dinh ; con véi 1, > 0, &
la khéng gian con khéng 8n dinh. Vectg riéng xdc dinh dudng phan cach

trang thai dac trung ecda quy dao pha. O hinh 3.39 co quy dao pha dang
yén ngua.

Bii tdp 3—4 Cho hé phuong trinh :

X, = x + 2%, ;

).c2=—2xl+x2,

. 1 2
hay X = Ax véi A = 9 1]
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Hé cd én dinh khéng ? ‘| z
BDdp dn :
Gia tri riéng

A = 1%2). Hé khong 6n
dinh vi phan thyc cfa

1 ! L
4 +—+ ’

nghiém phdc duong. Quy  —+ f
dao pha dang tiéu cu J
khéng ¢6n dinh nhu & $
hinh 3.40. f\
FA

Bai tép 3-5 Cho hé
phudng trinh sau :

_ _ _ . Hinh 3.39
Xl = xl Xz )

X = 4% + x

-1 -1

hay X = Ax vé8i A = 4 1

. V& quy dao pha citia hé trén.

Pdp dn :

Gia tri rieng 4 = 0 + 1,7321j. Qud trinh 1a dao dong vai bién do
khéng d&i vi cd phdn thuc & gia tri riéng bing 0. Diém can bang 1a tam
nhu & hinh 3.41. '

A e

Chit ¥ : Céac bai tap
tt 3-1 dén 3-5 nham
khao sdt quy dao pha cia
hé tuyén tinh hay da
tuyén tinh hda khi cd
chénh léch bé khédi trang
thdi can bing (3.2). Cic
quy¥ dao pha khdc nhau
tuy thudc vi tri phan bé
nghiém nhu & hinh 3.9

Biai tgp 3-6 Cho ha
phuong trinh sau :

7/

Hinh 3.40

dx

T %(x+1) ; {3-57)
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dX2
T X {x, + 3). (3-58)
Phan tich 6n dinh cua céac

trang thai cidn bing.

Ddp dn :
Tuyén tinh hda (3-57) va X
(3-68) ta cé ma tran Jacobian
sau ;
X725 X5 +1
Jx: x2q+3 Xis
Truong hap tom thuing (diém
cdn bang 1) :
Hinh 3.41
Xis Ky = 0
0 1
il
Gid tri riéng 4, = -V3, Ay = V3. D6 la trudng hop quy dao pha

dang yén ngya nhu & hinh 342
. o . -0,5
Vecto riéng on dinh la : & = 0.866| -
. P . 0)5
Vecto riéng khéng 6n dinh la : &, = {0 866] .

Truong hop khong taim thuong (diém can bang 2) :

Xy = -1, %0 = -3
-3 0
e
Gia tri riéng 4, = -3, 4, =-1.

b6 la truong hop quy dac pha dang
niat n dinh, ca hai gia tri riéng déu
thuc va am. O hinh 3.43a la quy dao

pha clia hé tuyén tinh hda quanh

di€m can bing "*".

Hinh 3.42
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Quy dao pha cia hé phi tuyén nhu & hinh 3.43b. Ngoai phin phia
phdi eia diém yén ngya, cdéc quy dac pha duge "hip dan" vé dim can
bang 6n dinh.

\[ ’

37

Hinh 3.43

Bdi tdp 3-7 Phuung trinh moé td 16 phan dng vi sinh hoc nhu sau :

dx,

Tl w - D)x; (3 -59)

dx, Hx,

ﬁ = {Sf - Xz)D - —Y,_ (3"60)

i = HmaTz (3-61)
km + X2

Brax = 0,53 5 k = 012

m

Y = 04 ;5 = 4

¥

X, la ndng d6 ctia thanh phidn vi sinh, x, 14 nong 46 thanh phdn co ban.
Cd hai trang thai cian bang :

Diém can bang 1 (tam thuing)

X = 0; x5, = 4.

Tuyén tinh hda (3-59) va (3-60) ta cd ma tran Jacobian sau :

He — Dq X gts
STUs RS 0,114563 0
Jx = Hg HXig| =

Y Ds -~

—1,286408 -04

Gia tri riéng 1) = 0,114563 va A, = -0,4. Trang thai can bing la
khéng 6n dinh (diém yén ngua).
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Vecto riéng khéng dn
0,3714 }

dinh = & =\ _{ 9085

Vectd riéng 6n dinh :

. _ |0
Qz_l-

Diém can bdng 2 (kRhéng
tim thuing)

x;, = 1,4823 ; x,, = 0,3692.

5

Te=1_4 —8,439832

[ 0 3,215929 }

Gida tri rieng A, = 04 ;
A» = -8,0398.

Trang thai xde lap 1a diédm
nit dn dinh.

Vecto riéng &n dinh

) 0,9924
cham® = &) =1 _411934]

Vectd riéng &n dinh

0,3714
"nhanh" : &, = [0,9285]

Quy dao pha nhu & hinh
3.44a. Quy dao pha roi diém 7
(0,4) khong &n dinh va tién
dén digm 2 é8n dinh (1.4523,
0.3692). O hinh 344b 6 quy
dao pha ¢ lan can digm khong
6n dinh (0,4), cdbn & hinh 3.44c
d lan can di€m 48n dinh
(1.4523, 0.3692).

Bdi tgp 3-8 So sanh quy dao
pha vA dap dng cia hé phi

100

ry
%
3.9
0,0 £ e.05
5)
o4
X2
4.3
1,4 y x, 15
c Hinh 3.34



tuyén cd dac tinh bao hdoa va hé tuyén tinh cd clung diéu kién nhu &

hinh 3.45a.

Bdp dn

Trong truong hgp khong bio hoa, ham truyén ctia hé ho la :

2
(2s + 1)s

X(s)
E(s)

W (s)

O hinh 3.45b 1a ddp dng thoi gian va 3.45¢ 14 quy dao pha (ky hiéu
1 cho trugng hgp tuyén tinh va 2 cho trudng hgp hé phi tuyén tinh).

(2s+1)}s

T

| =

|||||||||||||||||||||

1
|
r
3
3

1

i
[ Jp—
[

1

1

I

L

b)

Hinh 3.45
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Bai tip 3-9. Ddp Ung clha hé phi tuyén ¢ vang kém nhay x, = = 0,8
va %, = 0, cd so d6 khdi nhu & hinh 3.46a. Hiy so sanh ching,
Bdp dn

Trong trudng hgp khong cd ving kém nhay, y, va m; nhu nhau
thinh 3.46b),

Bai tip 3~10 Phuong trinh Lorenz

X = G(XZ - x]) '
Xy = IXy & X3 — X1Kq 3
).‘3 = XX - bx; ;

5 . %

i
-

oMy, 1!

@

Hinh 3.4E
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Ve quy dao pha x;(x) v6i cling diéu kién t = 0 : 10 sec, x, = [-20 10 10]
nhung r khdc nhau (r = 100 va r = 20 on, 6 = 10, b = 83).

Ddp dn :
Véi 6 = 10, b = 83 var = 100 (r > r, = 24,74) ta co truong
hop dao dong hén loan nhu & hinh 3.47.

Hinh 3.a47

Cung v6i nhitng thong s6 trén nhung néu chon r = 20, (r < r, = 24,74)
thi qua trinh s& c6 dao dong 6n dinh nhu ¢ hinh 3.48.
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Hinh 3.48
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Chuong 4
TUYEN TINH HOA PIEU HOA

4.1. TINH CHAT CHUNG

Phuong phdp tuyén tinh hda diéu hoa (hay can bing diéu hoz) la
phuong phap phé bign dé khao sat cic hé phi tuyén bac caoc (n > 2) su
dung mién tdn da duge phat tri€n tit ly thuyét hé tuyén tinh. Phuong
phap da duge L. 8. Golfarb (Nga) nam 1940 va R. J. Kochenburger (My)
nam 1950 dé xuat.

Phuong phdp tuyén tinh héa diéu hoa cho phép st dung cic cing cu
khao sit cua hé tuyén tinh déng thai k& hop vdi phuong phap mat phang
pha dé khao sat ch€ d6 ty dao dong. N&i dung cha phuong phap nhu
sau :

Mot hé phi tuyén oténém (khdéng cd tac déng vao) va kin, gém ¢g
mét khau phi tuy&n va thanh phdn tuyén tinh 8n dinh hay trung tinh
nédi ti#p nhau nhu & hinh 4.1a

¥

X=a X Z(X)—[__? )‘ ers)

y | L

a)
x = Xpsinal z ) J
- Z(x) > W, (jo)
b) 1‘ Y= ¥, sin(whe P)
Hinh 4.1

D& danh gia kha nang tén tai cda cdc song didu hoa khéng tét dan,
dat o ddu vac khau phi tuyén tin hiéu diéu hoa x(t) = X sinwt
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(hinh 4.1b). O dau ra khau phi tuyén sé& cd tin hiéu z(t) = z[x (t)] gbém
cd phd cha sdng diéu hoa voi bién 46 2z, Z,2 2z, V.v... VO cac tdn
s0 w, 2w, 3w v.v.. Gid thiét rang tin hiéu z{t) di qua phan tuyén
tinh W, (jw) s€ duge loc cdc song bic cao vA chi cdn lai séng biac mot :
vit) = Y_ ;sinfwt + o). (4-1)

Gia thiét ay goi la gid thiét loc, la diéu kién cdn thiét doi vai phuong
phdp tuyén tinh hda diéu hoa.

Diéu kién d& cdc hinh 4.1a va 4.1b tuong duong nhau la :

x(t} + yt) = 0 (4-2)

Khi théa man diéu kién cua gid thiét loc (44), yt) = Y sinfwt + ¢}
va phuong trinh (4 -2), diéu kién iy tuong duong vdi :

Xn = Yo (4-3)
w =T . (4-4)

Phuong trinh (4-3) va (4-4) la phuong trinh can bang diéu hoa tuong
ung v6i cin bang bién d§ va can bang pha clia dao déng didu hoa.

D& danh gid kha nang thuc hién gia thiét loc, ta khao sdt phd tan
cia cédc tin hidu x(t}, z(t} va y(t) d hé hd (hinh 4.1b). Néu x(t) la song
bac m¢t hinh sin thi phS clda z{t) va y(t), ngoai bac mot Z_, va Y, cén
co song difu hda bac caoc Z,, vA Y., cd bién do tuy thudc dang phi
tuyén Z,. N&u phén tuyén tinh cd tinh chdt clia bd loc ha tadn thi ty
trong clia séng bic cao cua y(t) bé hon ciha z(t). Dé chinh xdc cta gia
thiét loc tay thudc vao dac tinh cia phin tuyén tinh Wll;jcul Khi cac séng
di qua, ngoai sdng bac mot, cdc thanh phidn khic s& gidm thi€u dén mnic
khéng cdon ddang ké nita. Dinh luong didu kién dy la :

zmk W[Ukw)

Zooy | W)

<< 1. (4-5)
zml

vii k l4 s6 thd tu bac cda song di qua.

Ndi chung, diéu kién (4-5) dude théa man véi moi k = 2. Khi khao
sdt cdc séng ddi xing, & tin hiéu y(t) khong ¢d song bac chin va digu
kién dy ung voi k = 3.

Dé tinh gidn dung (4-5) ¢d thé xét do nghiéng dic tinh tin s6 logarit
phén tuyén tinh it nhat 1a -20 dén -40 db/dec.

Vdai dé nghiéng - 20 db/dec
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W.(i20 1 W, (j3e) 1

Wiy — 2 " | Wgey | 3
Véi dé nghiéng ~ 40 dbidec :

W, (2w 1 W8 1

Wio)| 4 0 | Wie) | 9

Tay thudc vao dac déng cd déi xung hay khéng d6i xdng ma viéc
khiao sat ché do tu dao déng khic nhau O che dd tu dao ddong khong
d6i xdng, thanh phan khong déi trong hé cd vai trd quan trong. Khi dac
tinh phi tuyén khoéng chin va khéng e tic déng ti ngoai vao (xy = 0,
viée khao sat tu dao déng d6i xiung cd nhidu ¥ nghia.

Digu kién cua gia thiét loc (4-5) khéng phai 1a didu kién nghiém tac
nhung phuong phap tuyén tinh hda diéu hoa lam don gian hoa viéc khao
sat cdc bai todn thuc t€ va cho ta khdi niém gin dung vé cac qui trinh
trong hé thuc. Khi diéu kién cua gia thiét loc khéng thdéa min thi két
qua cd duge can duge ki€m tra lai bang thuec nghiém hay bing ly thuyét
trén mé hinh todn hoc hay mé hinh vat ly.

42. HE SO KHUECH DAl PHUC CUA KHAU PHI TUYEN

Khi ¢d tin hiéu diéu hda ¢ diu vao, khau phi tuyén cd thé duge mo
td bang hé s6 khuéch dai phde (hay hé s6 truyén) phu thudc bién dé cia
tin hiéu vaoc. Dac tinh khau phi tuyén 4y dudc goi 1a ham mo td.

T Zix) /1\ F4
i
I
FA‘ ﬂ 2T ) !

b)

Hinh 4.2
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Hay xét khau phi tuyén khéng cd quan tinh vai dac tinh Z = Z{x)
(hinh 4.2a). Néu tin hiéu & ddu vao x = X sinwt = [ X &' thi tin hisu
¢6 chu ky & ddu ra cia khiu phi tuyén & Z(t) cd thé dudge md ta bing
chudi Fourier :

Z(t) = Zoy + 2 Zpsinkot + 2, Zgcoskot (4-6)
k=1 k=1

ma cdc hé s6 Zp, va Zg, duge xdc dinh theo :
27

1
Ze, = = | Z(X sinot) sinkot d{wt) ; (4-7)
{
1 T
Zok = 7 | Z(Xysinoticoskwtd(wt) (4-8)
0

Khi dac tinh phi tuyén Z(x) la khong chdn thi Z, = 0. V6i gia thiét
loc ndi trén, chi tinh dén thanh phan bic mat :

Z{t) = Zpsinwt + Zgcoswt (4-9}

hay duéi dang phic :
Z® = I (Zp + Zgpe™ (4-10)

1 2t

véi Zpy == [ (Xsinot) sinot dlwt) (4-11)

0

2x

Zow = HJZ(xmsmwt) coswt d(wt) (4-12)

Hé¢ s6 khuéch dgi phic ctia khdu phi tuyén 1a ty s6 cla séng co
bdn cta tin hiéu ra va tin hiéu vao thé hién & dang phic :

Zpy Zq
W) = Pi) + Q%) = 5 +i g

{4-13)
voi
2
1
PiXp) = X—m = Em ][ Z(Xsinwt) sinwt d{wt) , . (4-14)
ZQl 2z
QX = I Z(X sinwt) coswt d(wt) , (4-15)
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1
|Wi| = — = ——; (’p[——_arctgi . (4-16)

Nhu vay hé s6 khuéch dai phitc cta khau phi tuyén khéng cd quan
tinh giéng nhu hé s6 khuéch dai phic cia khau tuyén tinh nhung khong
phu thuéc tdn s6 nhu & khau tuyén tinh ma chi phu thudc bién 46 cta
tin hidu vao X,

Cac thanh phan cta hé s5 khuéch dai phiec PX_ ) va QuX,) la he¢
s6 khuéch dgi tuyén tinh héa diéu hoa.

C6 thé ching minh rdng tin hiéu diéu hda s& dich pha khi di qua
khau phi tuyén c6 dac tinh khong don tri.

Phan 40 cia “}Hr(Xm) cd dang :

2T

1 .
QX,) = ;IT(;!; Z(X, sinwt)coswt dlwt) =
1 1 L° (4-17)
= “—j Z(X sinwt) d(X sinwt) = —I Z(x) dx)
JIXTZH 0 " " R'szn Y

O hinh 4.3 6 dac tinh tu tré khéng don tri va dugec mo ta
huong 14y tich phan ngudc chiéu kim déng hé. Tich phan duge
ldy th x = 0, (¢ = 0) dén x = X, (t = Fo) sau d6 t¥ x = X
dén x = X {t = %cu) va tl x = —Xﬁ déh x = 0,(t = 2rw). K& qua
ldy tich phan duogc xdc dinh bdi dién tich S cta ld tré véi ddu am (ddu
dugc xdc dinh badi hudng chuyén
dong cda dudng cong). Nhu vay : Z(x)

QX = -$/xX2)  (4-18)

Trong trudng hgp didc tinh
phi tuyén 13 don tri thi thanh -

Ko /T X
phdn nay bing khéong. i P4 ?’ / X, -
Vi du 41 Xéc dinh hé s5 khuéch 1| 1=0
dai phic cia khau role ba vi tri ’
o¢ tré nhu & hinh 44a. Khau rdle
cd thong s6 tac dong la x,, tin hiéu
ra cia role khi lam viée la + Z,. Hinh 4.3
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z{x)A Tz

Zg za—!
d
—K, =K X "f/w zﬁ/"‘-"h
- - ] t +
t, o, | t
b)
2
¥
G) t Hinh 4.4

Khi X, < x, tin hiéu ra bang khong cho nén WX ) = 0. Khi X,
> x,, tin hiéu ra c¢6 dang chit nh4t nhu & hinh 4.4b. Thoi diém tac dong
cia rdle t, duge xac dinh bdi didu kién

X sinot, = x, (4-19}
xa
hay sinwt, = —— (4-20}
] Xm
Thoi di€m role nha dude xzac dinh boi :
X, sinw (%— tb] = x, (4-21)
Xp
hay sin (7 — wty) = (4-22)
XIT.[

Theo bi€u thdc (4-14) vA dang dac tinh phi tuyén, cd phan thuc :

ly
2
PiXp) = —— | zsinwt diwt) =

m 5
2z,
aX,

[coswtH - coswth} (4-23)
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Trén co sd {(4-20) va (4~22) ta c6 -

Xa 2
coswt, = '\’1 - (X—) : (4-24)
It
Xy 2
coswt, = -\ 1- (X ) : (4-25)
1T
Do do :
223 V XH ? V xh 2
= —_ e =+ —_ i -
Pm =% [V 1~ (%) 1= (%) ] (4-26)
Ciing bang phuong phap tudgng ty, xdc dinh thanh ph#én ao :
2za(xa_”xb)
QX = - 2 (4~27)
xX,

Nhu vay hé s6 khuéch dai phic cia khau role ndi trén cd dang

ﬁf(xnwf;—;[ \fl—(gi)u\jl_(;_by] _

M

22?1(xﬂ -X

b)

-
JIXﬁ.l

O hinh 4.5a ¢ dac tinh P; va Q
phu thuéc bién d¢ X_. Dic tinh c6 tri
s6 gian doan & X, = x,.

Trudng hop dac tinh role doan tri,
nghia 1a x, = x,, Q{X ) = 0 va hé s6
khuéch dai phic bing phan thuc cia hé
s0 tuyén tinh hda didu hoa :

- 4z,

W) =z

Dang dac tinh “};(Xm} trong truding

hop nay nhu & dudng 1 hinh 4.5¢. Khi

dac tinh role 1a hai vi tri (x, = 0) thi
(4-29) ¢6 dang

1 - (;—m) . (4 -29)

4z,
X,

nhu dudng 2 trén hinh 4.5c.

Wi(X,) = (4 -30)

a)

b)

o

[

LR

41]

(4-28)

<

[
¥ §3<

Hinh 4.5

111



Trong nhiéu trudng hop ngudi ta dung cdc dac tinh chudn hay dac
tinh nghich di. O bang 4-1 cho dac tinh cua mét s6 khau phi tuyén
thutng gap.

Béng 4-1
Khau Dang phi tuyén Wi(A) = P;(A) + jC(A) Bigu 48
h ] 2a + sinZ2e ~ ~_y ~
Kém o - o g Ca A
f =
nhay 1
BNz = I =7 - J‘\ -
A~ OO0 A=] Aeeoo
z) 5 + sin2 . x ~
P = sin2er V;F %
T
Béac hda X 145° & =0 Ao ) ,
[ -
T P 1 - =
i ’\::J' X Sinc = K A=t A=f
A —ee =2
~
F4 - P 1 5 Sin2ex ~ ~
/ P2 = 21 Vf m,/f
Khe hd Ky (:5" Qo - cos’a -1 plAs/y _
A X 5
sine = A -1
- _ Azt
_..z_;., +7 1 ot + 8iN2a vf o
—— P = 5+3 1 ¢
; i/; 2 2 2 ‘l’m::m
G i o)/ cos’a >
r x Q = = A
/ 450 Gine = 2& i _IR_QX{ - .
-7, g X Xm m =y
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Tiép bang 4

Y i
Z Pe =0 ¢ ) ) /
Ma st % — Q - 4z, ,,,:.ool P
khd y =
A v X, i
! o
_z A=l ‘I Koy =07
d e
g
v n 7
Rdle hai FE4 . 4z, coss f ;
vi trl cd +2, ,frA:: o
tré - X, H * & = T A: sir 5 R
V XN e 400
i -t ——
Sy = — -
—ZG 174 A e
Aaf
4 4z, g 1 7
z P = TAx. Cosa !
Rdle ba 4 TAX, ]
. ( Of = { Ao Aeso
vi tn ' - | ; }—‘\ N
g X, X sine: = K e > = l
-Z
£
Z ~r 4 ~
L - =8 s 4+ v by
f a4 COSx
Rdle ba . TAx, (808 O % ;
+
vi trf c6 £
& 1’ 1 za H . A=on
e e 4 = (sina, — sineay) ——
f ahkx, 1 2 TN
£ X \
o e . 1 ; Azo0 3
-Z, Siney = o, sine = & _
Xy LNy
;1 = —
a
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43. MIAN TiCcH CHE PO TU DAO DONG POI XUNG O
CAC HE PHI TUYEN

Nhit dd néu trén, diéu kién cd tu dao déng la sy can bang diéu hoa
g s6ng ¢ dau vie khau phi tuyén va ¢ ddu ra khiu so sanh. Diéu kién
ay vom eod thé vidt

WHLAW,(w) = -1 (4-31)

) day xét triding hop tu dao ddng d6i xing va khéng cd thanh phéan
Khiong d6i v4i A la bién d6 dac déng.

Phvong trinh tyén 6 thé vidt dusi dang :

W (jw) = —--W-l%i)* = Vi{A) . (4-32)
O hinh 4.6 la dac tinh tdn caa phan tuyén tinh W {jw) va dic tinh
nghich dao véi dadu am eda hé
6 tuyén tinh hda diéu hoa
i}[-t}\}. ITai dudng cong cit nhau
g diEgm 1 va 2 xdc dinh ch& 46 ¥ AW ()
ty dao domg cAn tim. Tan =6 12(1“)

va bién do w],A],e], A la s
thong =6 cfa chd dd tu dao
ddng duge xac dinh trén dutng

cong 1uung ng.

be¢ dénh gia vé tinh 6n
dinh cta chd d6 ity dao dong,
ta xem \};(A! nhy thoéng s6
phuic & phuong phap chia mién
D {chiu mién én dinh & muc
4 -4 [19]. Phuimg trinh (4 -32) N
e the aem nhi diéu kién dé bi€u d6 V(A) thudéec vé ving ndo trén mat
phaug mién I ;

Hinh 4.8

ViA) = W(w) = X + Y (4-33)

Sau khi gach soc mat phdng W (jw) theo théng s8 phiic Gf{A), ta sé
khao sdt khong phai chi cdc tri s6 cha tryc thuc nhu & (4-4 [19]) ma
cd mat phang XY. Néu toan hd bidu dé Vi(A} ndm trong mién D(0), he
khong 6 tu dao déng. N&u tdt cd cdc bigu db \'fur(A) nim trong mién
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Dim) (m = 1) thi hé sé khong 6n dinh va chi c6 qud trinh ting dan
dén v6 cung. Cén néu Vr(A) cit bién gidi dutng D(0) thi hé 6 thé co
ché d6 tu dao dong didu hoa va c6 thd tiép tuc khao sat vé tinh 8n
dinh cha ch& do 4y.

Vi du, xét diém 1 1A giao di€m cua Vf(A) va W (jw) ¢ hinh 4.6, Gia
sd vi Iy do gl ma bién d6 tu dao dong tdng. Ta sé dich chuyén Vf(AJ
theo hudng ting cia mii tén tit di€m 1 chuyén dén vung D(1). Vi cd
nghiém cd phan thuc duong nén bien do lai ti€p tue tang va chuyén dong
cang xa di€ém I. Nguge lai néu bién d6 tu dao dong gidm, ta sé& di chuyén
theo bi€u d6 vao ving D(0), nhu vay moi dao dong sé tat va bién do
giam, chuyén déng ciing ngay cang xa diém 1.

Nhu vay khi bién do dac dong & di€ém I thay ddi, qué trinh ngay
cang tang hodc cAng gidm bién do va tu dao dong nhu vay sé khéng én
dinh (diém I). Phan tich tuong tu ta cd ché dd tu dao dong én dinh o
di€ém 2 vi khi ¢ chénh léch ciia ché d6 ty dao dong khi A tang, dich
chuyén sé vao ving D(0) 1a viing s& lam A tiép tuc giam, con khi chénh
léech dan dén giam A dich chuyén sé vao vung D{(l) la ving sé lam A
ti€p tuc ting. Nhu vay, diém 2 tuong ng voi ché d0 tu dao dong én
dinh,

Tu dac dong 1a 6n dinh
o¢e)
néu chuyén dong theo dac

' ' AR WA
tinh phi tuyén v&i huéng W, (jew) A
f
tang bién dg, dich chuy&n tu

——
. s e a ’ J
mién khong oOn dinh vao

4
I

2
' 0
C6 thé o6 tw dao dong \@ @9 o
khong én dinh vé mot phia,
vi du khi tang bién do thi
ché d6 tu dao déng bi anh Hinh 4.7

mién 6n dinh cia ving D.

qk

hudng con khi gidm bién do
thi ch& do tu dao dong khéng bi anh hudng (nhu di€m 3 & hinh 4.7
hay nguoe lai (nhu didm 4).

Vi du 4-2 Hay xac dinh théng s6 cta ch& d6 tu dao déng d6i xing cua
hé tuy dong ¢ so d6 khsi nhu & hinh 4.8, véi nhitng thong s6 sau :
k; = 1 V/do la hé s6 khuéch dai caa dung cu do ; x, = 0,1 V la dién
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dp tac dbéng cha role ; z, = 6 V la dién 4p ra cia role ; ke = 5 va
Ty = 0,2 sec la he s6 khuéch dai va hing s§ thoi gian cua khuéch dai ;
ky = 300%(gec. V), Ty = 2 sec la hé s6 khuéch dai (theo téc d&) va hang

s6 thoi gian cla déng ¢o ; i = 7500 1a ti s6 truyén cia bd giam téc.

Hinh 4.8

Dac tinh tdn cua phdn tuyén tinh cd dang :

. k
Wilo) = ST T oo (L +jwly “-34)

ma k = kkiky(14) = 0,2 l/sec 14 hé s6 khuéch dai clia hé tuy dong
Dung hé s6 chudn héa N = z/x, = 60.
Tich cia NW,(jw) véi thong s6 cia nd :

12

NW () = Jol+502w) (1 +}20)

(4-35)
O hinh 4.9a ¢ bidu d6 NW (o) va V?(A). Bi€u d6 cd hai giao diém
vél cing mot tdn s w] = w; = @  va duge xdc dinh tir diéu kién :
argW (o) = =
hay :

g + arctg0,20" + arctg20® = = (4-36)

t¥ d6 w® = 1,58 sec |
Hai tri s6 bién d6 tu dao dong A] va Aj dugc xdc dinh theo bifu

do V\?;O(A) nhu & hinh 4.9b, bing cdch v& dung thang song song véi truc
1

hoanh ¢ gid tri ———5— =
|Nwl(.]w ) |

0,458 tuong dng voi didu kién tu dao

dong
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&

W (A) = - =

W, o). (4-37)

Bién do bé A] = 1,10
tuong dng voi ché do tu dao
dong khong 6n dinh, con
bién do l6n A} = 2,59 ing
v6i tu dao dong 6n dinh.
Néu chuyén ddi sang dai lug
ng bién do tinh theo do thi :

L X, 0,1
A} -k—‘: = 2,59~ = 0,259°

Néu ¢ thoi diém ban
dau hé khéng c¢d ty dao
dong (x = 0), muén hé lam
viec & ché d6 tu dao dong
can dua vao mot xung ban
ddu lén hon bién d6 bé Aj,
chi sau dd méi cd ché do tu
dao déng 6n dinh.

D€ ki€m tra lai gia
thiét loc, xac dinh hé sé loc

Hinh 4.9

cia khau tuyén tinh theo .
tdn s6 khong chdn vi dac tinh role d6i xdng khéng chdn. Sau khi thay
w = o' = 1,58 sec vao (4-34) ta cd :

Wi@Be) | 1.1+ 02,1681 + (2.158)7

WGo) | 3 ¥ [1+(06.1,584[1+(6.1,58)°

0,09

Vay gia thiét loc duge théa min.
4.4. PHAN TICH CHE PO TU DAO PONG KHONG POI
XUNG O CAC HE PHI TUYEN

Tu dao dong khong déi xing la két qua ciua thanh phan khoéng déi
cia tin hiéu vao cing nhu tinh khéng d8i xing ctia dac tinh phi tuyén.
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Vi du, néu & ddu vao cta dac tinh phi tuyén c6 tin hiéu x = X, +
Xsinwt, va néu gia thigt loc duge théa man, thi tin hidu & diu ra ed
dang

Zt) = Zy + Zysinlwt + ) = Zy + Zpsinwt + Zocoswt  (4-88)
hay & dang phiie ;
2t = Zy + I Zp + 2y (4-39)
1 2T
ma : Zy = 5= [ zX, + X sinwt) diwt), (4-40)
i 1]
1 Zr
Zp = - | Z(X, + X,sinot) sinwt dwt), (4-41)
i
1 2%
Zo = 7 | %X, + Xsinwticoswt d(wt). (4-42)
.0

Trong trudng hgp nay, d6i voi phan td phi tuyén cé thé cd hai hé
s6 khuéch dai :

Do6i voi thanh phan khong ddi :

ky = ZyX, (4-43)
Con d6i voi thanh phan diéu héa
—~— Z}) + jZQ - R 3
W, = —x_ = | W, | et (4-44)
M

Truong hop ddc tink phi tuyén da tri
Cac théng s6 con phu thude thanh phan khéng d6i -
ky = ko(XpX) .

_— W, = WX, X)) . e
Phucng trinh déng mach vng v6i hinh 4.10a :
Xy = Xy - ZyXy X)W, (0) (4-46)
X, o= XWX, X)) WGe) (4-47)

Viéc phan tich ra cde thanh phdn khdc nhau d6i vdi thanh phan
khéng d6i va thanh phdn diéu hoa, tuong ung véi viée tich khau phi
tuyén ra thanh hai khau song song tuong ducng nhu & hinh 4.10b vai
hé 56 truyén ky(X, X ) va WHX, X, ). Viéc giai hé phuong trinh (4-46)
va (4-47) duge thuc hién gidn don bang d6 thi nhu & hinh 4.10c theo
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Hinh 4.10

Zy(Xy) vai cac tri s X khac rhau. Phuong phap wiy difng nav piing
nhu § phuong phép tuyén tinh hda rung {(muc 2.3) Giio didm e dic
tinh nay v6i dudng thang :

Xy~ Xy

%o = Wy

cho mdi quan hé X (X)) can tim.

Mat khdc néu vé ho cac dac tinh Vi(X,, X)) = -W/ X, X, voi X,
khac nhau thinh 4.10d} cho ta méi quan hé X, = X (X, Tdng hop hai
phuong trinh X, = XnlXy) va Xy = XX cho ta thong =0 ty dan dong
cdn tim X, = X;* va X, = X_' nhu & hinh 4.10d).

Truong hop ddc tinh phi tuyén don tri

Can vé d3 thi —\}; = Wr_l phu thuge X voi cic dii Tugne ¥, khie

T

nhau nhu & hinh 4.10g va theo glac diém cdc dudng cors Ay vii diing
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thang W' = -W(w,) = C ma xdc dinh X_(X,) nhu & hinh 4.10e. Tén
s0 tu dao ddng w' xdc dinh theo giao di€m cua W (jw) vai todn d8 \};(Xﬂ,
Xw cho diém X, = X,". Véi dac tinh phi tuyén don tri tin sé ty dao
dong la w,.

Viéc xdc dinh d6 &n dinh cda tu dac dong dude thuc hién nhu &
trutng hop tu dac dong d6i xing.

4.5. NANG CAO PO CHINH XAC CUA PHUONG PHAP
TUYEN TINH HOA DIEU HOA

Phuong phap tuyén tinh hda diéu hoa 1a phudng phdp gin ding vi
vGi gia thiét loc chi tén tai sdng bac mot. Do d6 mudn chinh xdc thi
phai tinh dén song bac caoc hon mét. Trong trusng hop 4y hé s5 khuéch
dai phic cia khau tuyén tinh héa khéng chi phu thuoe bién dé tin hiéu
vao X, ma con phu thudc tdn s6.

Nhu vay phuong trinh can bing diéu hda (4 -31) hiy gis c6 dang :

W, AW, (o) = -1 (4-48)

hay W) = W w, &) = Vi, A) (4-49)

Dang cua dac tinh V‘;ljw,A) phu thudc khong nhitng dac tinh tinh cua
khau phi tuyén ma cdn & dac tinh tdn cia phdn tuyén tinh. Viée xdc
dinh WT va, VI d6i véi nhilng dang phi tuyén dién hinh trd nén phde tap.
Bang phuong phap tuyén tinh hda ting doan dac tinh phi tuyén, cd thé
dung may tinh dé giai bai toan trén. Trudng hgp gidn don, dac tinh phi
tuyén la role Iy tudng, cd thé dung phuong phip chinh xdc sau [23) :

Gia thiét la ch& 46 tu dac dong d8i xing o thoi khodng ntta chu
ky duong va 4m bang nhau va bing = Cac cung 6 chu ky &y & ddu

vao cva phin tuyén tinh (xung diu tién 13 duong} <6 th€ mod ta theo
chudi Fourier :

4z

A I .
Zit) = — }E}l g =7 Sin2k-Dwt (4~50)
Néu phan tuyén tinh c6 dac tinh tan :
Wjw) = | Wiw) ™) = Prw) + jQlw) (4-51)
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thi tin higu dau ra cta hé cd dang :

= | WG 2k- Del| -
Z ST sin {(2k-Dot+ ¢, ] (2k—1)wj” (4-52)

Tin hiéu sai léch x(t} chi d8i ddu y{t) nhu & hinh 4.11. Didu kién
dé cd tu dao dong 1a sy can bang pha cia y(t) va xi(t), c6 thd mod ta
bsdi hé phuong trinh sau :

y [f—)] = 0, {4-53)

y(%) > 0. (4-54)

Diéu kién (4-53) bao dam role tac dong & thoi didm t = gv, cdn diéu
kign (4-54) bdo dam role tac déng ding hudng
Tu {4-52) ta cd :

Lay dac ham theo t :

. 4z, =
yty=w — 2

k=1

X

Wl[j(Zk— 1)4

xcos[(2k - Dot + @[[(Zk -~ l)w] } .

JL

Khi t = Py
:}[gj—wu é}l Wl[(2k—l)w}
4z, (4=55)
cosgo[[(Qk— l)w] = -0 —2 Pl[(zk—l)w] .
k=1

Pé dam bao chd do tu dao dong theo didu kién (4-53), (4-54), ding
dac tinh role :

Wew) = -y (Z) - w(E) . (4-56)
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Dac tinh role phu thude tdn s nhu & hinh 4.12. Ché dd tu dao déng

Ung vai tan s6 @ = w, vi :

Im\x’r(wx) = -y (%) = 0 ;
ReW, (o) = _%y(g;) <0

~

o) ‘ —

¢/

A

|'
|
d') \_’\/

Hinh 4.11

Bi#t duge tdn s tu dac déng, od thé xac dinh dugc dang séng y(t)
theo (4-52). Can ki€m tra lai trong nia chu ky 4y role cd tdc dong khong.
Néu dic tinh tdn cta phdn tuyén tinh chi tinh dén tdn sd bac mot :

4z,

y(t) = — |W1(iw)

sin [ wt + gol(cu)} : (4-57)

thi dac tinh role trong trusng hgp nay bing :
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~ 4z, _
Wr{w) = Wtﬂ]w),

oon tdn sO ty dao dong 0 = wy; va bién dé tu dao dong dng voi (4-57) la -

42’}]
X, == [wto w )| (4-58)

Bai luong nay trung v6i két qua tinh todn & vi du 4-1.

Nhu vay, néu tinh dén tan
s6 khic bac mot, vdi cing mot
hé s6 khuéch dai cua he, bién
dd tu dao dong thuc t& s& Ion
hon tinh todn, con tdn s6 ty
dao dong 6 bign ddi va bé hon
tri s6 tdn s3 bac mat. Cang .,
tang hé s6 khuéch dai cta he,
su sai khdc nay cang giam wi
khi &y tan sd tu dao dong tang \“J
va khd nang loc cia hé cing
ting. Do dd cd khi tinh toan
cho thdy hé khéng cd tu duo
déng nhung thuc t& thi nguge
lai vi ky, trong thue t&€ nho
hon trong tinh toan chi véi tdn s& bac mot.

Wr (C.L))

Hinh 4.12

BAI TAP CHUONG 4

Bai tdp 4-1 Hay xéc dinh thong s6 tu dao dong cho hé cd cdu tric khong
6n dinh vé6 sai bic hai véi dac tinh phi tuyén dang géi ti nhu & hinh
4.13.

Phin tuyén tinh o6 ddc tinh :

k
W (ju) = P (4-59)
Qw)” (1 +jwT)) (1 + jwT,)
véi k = 0,35 sec ?, T, =T, = 0,2 sec.
Ddp dn
Sau khi vé dac tinh tdn W (jw) (theo 4-59) va Vi(A) (theo bang 4-1),
xac dinh glao di€m cua ching véi A* = 1,25z,, " = 0,55 sec”! 1a théng

sd cdn tim ma 2z, 1a khoang tréng gifta hai di€ém twa. Csc dac tinh tdn
cé thé vé theo MATLAB. '
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Bai tip 4-2 Xac dinh hé s8 khuéch dai
gidi han cta phin tuyén tinh W(s) =
k/Ts(1 + sT) néu khau phi tuyén cg
dang khe hd.

Pdp dn :

.. Bang cach vé dac tinh phi tuyén
V{A) che khau phi tuyén dang khe hé
(theo bang 4-1) va dac tinh W(jw) véi
nhitng tri s k khac nhau. H&é s6
khuéch dai k khi W(jo) ti€p xic véi
Vi{A) la thong s6 can tim : k = k, = 35.

Hinh 4.13

Né&éu dung phuong phdp mat phang pha cling xdc dinh dugc ky, = 3,04.

Do tinh chdt loe eia phudng phap tuyén tinh hda diéu hoa ma l-;gl > k.

Biai tip 4-3. He s6 khuéch dai phic cha khau bdo hoa nhu ¢ hinh 4.14.

& rr)f,,;:/xa)
k !.—__ ! . ' _‘-L___‘:,:
g8k T .
2Eh | - i
|
|
P4k — -
8.2k ‘;" : ' 4|
Ir 5 0 ;:
! 5 Kot 2z
L |
Hinh 4.14 Hinh 4.15
Bip dn
Z
Pl 2k A
PrXy) = 3= =5 (mta + —- Coswta),

m
k 12 do nghiéng cla dac tinh phi tuyén,
hay :
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1

Sm 2k =1 1 - 1= (Xm a) (4-60)
\ Xy ooz LSID Xm/xa Xm’fxa

Dac tinh nhu & hinh 4-15 khi X, = x,, hé s6 khuéch dai phiuc bang
k. Khi X, tang thi hé s6 khuéch dai phitc gidm.
Bai wip 4-4 Hé s8 khuéch dai
phic cia khiu kém nhay (co y Z
ving chét) nhu & hinh 4.16. i

Bdp dn :

" Hs s6 khuéch dai phdc coa %
tdng cac ham phi tuyén bing

téng cta hé sd khuéch dai phiic

cdc ham phi tuyén riéng ré.
Nhu vay hé s6 khuéch dai phiic Hinh 4.18

bang k trit di hé s8 khuéch dai )

phic khau bac hoa (4-60). Dic tinh 4y nhu dudng nét dit & hinh 4.15.

Bai tip 4-5. Hé diéu khién angten ed khuéch dai phi tuyén. Khao sdt hé
trén hinh 4.17a. Phén tuyén tinh cd hé s6 khuéch dai bing 10. Khau phi
tuyén cdé do nghiéng k; = 1 va k, = 05
Pdp dn :

Tra bang hay dung phuong phap tuong tu nhu & bai tap 4-3, ta xdc
dinh hé s6 khuéch dai phie :

11, 2 1
P[(Xm)=—+~—(sm 242 1———)

2 = X, X, szn
Néu X, < 2, phuong trinh trén v6 nghia (vi x, = 2) va -P; = -1

s » " - - I = - 1 -
vol X, gilta 2 vA o, cdc dac tinh -WqA) = -P{X ) va WG ) duge ve
d hinh 4.17b vi, theo (4-31) con cd thé viét :

~ 1

-W(A) = . (4-61)

W - Wiw)

Néu dudng Nyquist nghich ddo hoan toan nim phia trdi cia ham méo
th ~Wg(A) thi h¢ on dinh ; & day hai dudng cit nhau tai A = X, = 14.
Ngay ed khi khong cd tin hiéu vao ma od diéu kién ddu bé cing sé& cd
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dao déng va bién do sé tang dén Xn = 14 O didm nay hé 6n dinh va
dao dong giam. Cu thé& lap lai qua trinh va cudi cung la ch& do tu dao
déong véi : y

A" =X = £ 14 vatin s w = o' = 22 rad sec’

Co thé dung MATLAB, SIMULINK dé khao sat hé trén.

as
XQ; X "\V Z Fo 4
A z JW (S +jw)(rpas)

a)

- 3 ]
5 , =18 |
1 - ‘_1____-—
| = 22 IJ w=0
“__.’_; ______ } _____
W) |
1
5) -a & -8.2 a
Re
Hinh 4.17

Néu dudng Nyquist nghich ddo cit phin ao cia truc thuc bén trdi
cia di€m (-1, jo) thi he s& 6n dinh vé diéu kién. Mudn th& cin "tang"
hé s6 khu&ch dai moét dai lugng 1/06 = 1,67 va +i la dudng Nyquist
nghich d40 nén hé s6 khuéch dai phai nhé hon 50/1,67 = 30.

Bai tp 4-6 Khido sat hé angten o6 dac tinh kiu khe hd nhu & hinh 4.18.
Khau phi tuyén o6 do nghiéng 1a 6,3 va khe hé bang 0,1 (vi y, = %= 0,05).

Xy=0 e 50 ¥ - 6,05 z
5,05

¥

A5 + fao X1 4jw)

Hinh 4.18

126



Ddp dn
Dudng cong Nyquist nghich ddo va ham moé tda -WX_) nhu & hinh
4.19.

410
008
0.05
adk X =0,0563
o0
X =040, 5

Hinh 4.19

O hinh 4.20a 1a so d6 khéi mé hinh hda theo SIMULINK.

Hinh 4.20b la dac tinh khe hd. Véi tin hiéu vao x4 = 0 va diéu
kién dau y, = 0,06, qua trinh la dao déng tang dan nhu & hinh 4.21a,
con y, = 2 la dao dong tdt ddn nhu & hinh 4.21b.

a) FYSAISANRIEE FALEIE s & LN
Zp15t

0.1t

0,05+

-0.05F

=00 F

-0,15}
b . Ny
) 0.8 = ) ) 0.5
Hinh 4.20
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Chuong §
TINH ON DINH CUA HE PHI TUYEN

5.1. KHAI NIEM VE ON DINH O HE PHI TUYEN

O hé tuyén tinh {19] qua trinh qua dé cd thé duge xem nhu gom
hai thanh phan : thanh phén cudng bic va thanh phdn ty do. Hé tuyén
tinh duge xem la dn dinh néu thanh phin ty do (hay thanh phéan qua
dd) tién d8n 0 khi t — .

O hé phi tuyén, nguyén ly x&p chéng khong thé ing dung dugc va
qua trinh khong thé tach biét thanh phin quia d6 va thanh phan cudng
bic. Khde voi hé tuyén tinh, hé phi tuyén cd nhiéu khii niém vé 6n dinh
tiy thudc vae muic d6 chénh léch khdi trang thai can bing va tuy thude
vao tdc dong tit ngodi déi voi he.

Hé khong cd tdc dong tU ngoai hodc tac déng ngoai khong thay déi
trong qua trinh lam viéc goi la hé otonom. O he khéng otonom tic dong
tt ngoai vao thay d&i theo thoi gian.

D&t v6i hé otdnom cd hai khdi niém khdc nhau v& 8n dinh : én dinh
ctia trang thdi cdn bdng va 6n dinh etia ché d6 t dao dong. Doi vai
hé¢ khéng otoném ed khai niém vé 6n dinh cia qud trinh cudng bitc.

Trang thai can bing, qua trinh cudng bdc hay ch& do tu dao dong
chi t6n tai trong thuc t& néu ching &n dinh. Tinh 6n dinh cua ching
duge ddnh gid theo tinh ch&t ctia sy bién d6i cdc chénh léch khi dat vao
hé thong nhiing tdc déng nhit dinh.

D& st dung cdc phuong phap tuyén tinh cho hé phi tuyén, dung khai
niém vé chuyén dong khong bi kich thich va chuyén dong bi kich thich.

Cé thé xem moét trong cdc chuydn déng da duge tinh tosn dai véi
hé & nhilng diéu kién ddu nhét dinh va tdc déng tir ngoai cho trudc la
chuyén dong khong bi kich thich. Moi chuyén déng khac la chuyén dong
bi kich thich khi ¢d tdc déng ngdn han clia nhifu duge dat vio he &
thoi di€m t = 0. Nhu vay, trang thai can bing va ché do tu dao déng
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on dinh c6 thé dugec xem nhu trudng hop riéng va quan trong cta chuyén
déng khong bi kich thich ctia hé 6ténom.

Hay khao sat chuyén dong cta mot hé lién tuc trong khéng gian pha
cia vectoc X = (x;, Xy, .., X,). Chuyén dong khong bi kich thich dugc mo
tA bang vectc ham x°(t) hay t8 hop ctia n ham xﬁ(t). Moi chuyén doéng
bi kich thich duge mo t4 bing vectd ham x(t) hay t6 hop cia n ham

xi(t). Chénh léch cia qua trinh dugc mé ta bang vecto 7(t) hay t8 hop
n ham gz, (t). Vay :

nt) = x(t) - x°(t) ,
hay ) = x (t) - x(t).

Dé danh gia vé 6n dinh cua chuyén dong, Liapunov da dung khai
niém sau

Chuyén déng la én dinh néu véi mét ving & cho trude, nhd bao
nhiéu tuy y ciéa nhing chénh léch cho phép ny so vdi n, = 0, ta c6 thé
chon dugc vung diéu kién ban dau 6(€) nam bén trong ving € va co tinh
chat la khong cd chuyén dong
bi kich thich nao bat dau tit
bén trong ving & lai c¢é6 thé
dén duogc bién gidi cua ving &.
Néu nhing vung nhu thé
khong tén tai thi chuyén dong
la khéng 6n dinh.

Cac vung & o trén mat
phang 7,, 7, dugc mé tad & hinh
5.1. Ngoai cdc vung & & nhu
dd néu, con cd y la vung cua
cac tri s6 6n dinh cta chénh
léech gitta chuyén déng bi kich
thich va khéng bi kich thich :

Khi t—eo
ney

Dang ctia y tuy thudc vao vung chénh léch ban ddu & va néi chung

cd kich thudc bang bac cia hé (n). C6 hai truong hop quan trong thudng
gap trong thuc t€ nhu sau :

a) y = 0 nghia 1a limy(t) = 0 . (5-2)

t—c

Hinh 5.1

(5-1)
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Chuyén dong nhu vay la 6n dinh tiém can. Voi didu kién (5-2), néu
vung diéu kién diu & tudng doi bé, goi 1a dn dinh tiém can trong pham
vi bé. Néu vung & c¢d kich thudc nhdt dinh, ta goi 1a 6n dinh tiém can
trong pham vi lén, cdn néu phuong trinh (5-2) théa man véi moi diéu
kién dau goi 1a én dinh fiém ecdn toan bg. Khi hé én dinh tiém can toan
bd v6i dac tinh phi tuyén nhat dinh, goi 14 on dinh tuyét déi.

b) v # 0, vi du nhu y la mot doan trén %), nghia la (5~2) khéng
théa méan khi cd chénh léch khéi trang thdi can bing nhé bao nhiéu tuy
¥, trong trudng hop nay 6n dinh la khéng tiem can.

Nhitng khai niém vé &n dinh ndi trén ¢ thé 4p dung cho trang thai
cdn bang, ch€ do6 ty dao dong va qud trinh cudng buc.

D6i vai ch€ do tu dac dong, ta dung khdi niém vé én dink cia quy
dao.

Chuyén dong cd chu ky (tu daoc doéng) trong khong gian trang thaij
dugc mod ta bang dudng cong khép kin G. Né&u khodng cach ngén nhat
dén dudng cong G ti mat clla vectd chuyén dong x(t) )a PIxt),G] ta
cod

Chuy&n dong la dn dinh tiém cin theo quy dao cta hé 6téném néa -

lim plx(t),G] = 0 . (5-3)

t—co

Nhu vay, d&i véi chuyn dong én dinh cta hé tuysn tinh (khi tat
ca cac nghiém cha phuong trinh dac trung c6 phan thuc am) thi 6n dinh
la tiém can trong todn bg. Néu mét nghiém cia phuong trinh dac trung
bing O thi chuyén déng clia hé la 6n dink theo Liapunov nhung khéng
tiem can. Vung hdp dan y la moét doan thang trén truc 7).

Phuong phdap Liapunov dua vao quan diém vé nang lugng va quan
hé gitta nang lugng tich luy va
tinh 8n dinh cia hé théng.

4 a
Hay xét vi du vé mét hé gdm g
16 xe K, trong khéi M va gidm 4 K
. STy
chdan B nhu & hinh 5.2, duge mo 4
2 4 M=1
ta bai 2“['3%
7
- - ~
x + Bxp + Kxy = 0 Do
Dat: il = X3 ;
. (5-4
x, = Kx; - Bx, ) Hinh 5.2
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Tai mot thoi difm nao dd nang luong V cia hé gdm cd dong nang
do chuyén dong cia trong khdi va thé nang tich liy d 1o %o, ta cd :

Vix,, x;) = %x%i-%sz s
ma Vix}) > 0 khi x = 0,
Vi = 0
Nhu vdy 6 nghia la tong nang luong la duong dén khi nao hé &
trang thai cAn bang, nghia 14 x = 0. Téc d¢ bign d8i cia nang lugng

la

v dx; gy dxg

d 2
— =+ —. = - .
3 Y x1x) ox; dt  ox, dt Bx;

dv
NhLIvay—ét—séé.mfimoidié’mtn‘Itmbnghopxz =0 (@ do dv/dt = O
va ning liong cia hé khong thé tang. Tu (54), khi x, = 0 thi 2, =-Kx,.
Nhu vay hé khéng th& & trang thai khéng can bing v8i x, = 0 cho nén
nang lugng khong thé khong bién d6i ngoai trit di€ém can bing & 1d nang
lusng bang 0.

1 aay

w

2) b)

Hinh 5.3

Néu mot mat cong duge méd ti bai :
1 1
V = 2 x% + 3 KX% .

nhy & hinh 53a v6i cac dudng déng mic V. T diéu kién ban diu
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(x],%5) néu vé quy dao trén mat cong, dim bidu dién x(t) cit ciac dudng
1 %2 quy g

déng mic va chuyén dong dén difm thip nhdt la difm can bang. O hinh
53b c6 hinh chiu clia quy dao &y trén mat phang x,, x,. Cd thé so
sanh tdng nang luong cta hé ma ta muén khdo sat v&é 8n dinh cua trang
thdi can bang véi vi du vé chuyén déng cia di€m x(t) trén mat cong ndi
trén vé diém cian bang. Véi nhitng ham v6 hudng khong am ndi trén,
Liapunov di dua ra khal niém vé &n dinh.

5.2. PHUONG PHAP LIAPUNOV TRYC TIEP

Liapunov A. M. da dé ra phuong phap cho phép xiac dinh didu kién
di dé hé diéu khi€n ty dong phi tuyén 6n dinh (con goi 13 phuong phap
thit hai cua Liapunov).

Vi du chuyén dong cia hé phi tuyén oténom, duge mod ta bai :

dx;
I £y %o oy %) 5
.......... 5-5)
dx,
vl falxy, %9 .., ®p)
ax; -
hay Frl filx;, %, .., x5 ;1 = Ln (5-6)
hoac dudi dang vectos : x(t) = fix) (5-7)

vii X 14 vectg trang thai. f; la ham di cho trong khong gian trang théi.
Trang thai can bang duge xac dinh baj :
= fix) = 0. (5-8)
Dé& gidn don, ta cho rang hé phuong trinh (5-8) od modt nghiem duy

nhat § géc toa do X = 0 (x; = 0, x, = 0, .. x, = 0).

Theo phucng phap Liapunov, ding ham V(x) dugc cho trong khéng
gian pha ¢ nhung tinh chat sau :

1- Ham Vi(x) cung voi dao ham riéng bac mét theo moi x la lién
tuc trong moét mién hd ndoc dd ké cid gbéc toa do.

2- 0O goc toa d6, ham Vix) cd tri s6 bang 0.
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3- Trong mién Ay, néu ngoai gdéc toa d¢, ham Vi(x) khic 0 va cing
ddu thi ta goi 1a ham c¢6 ddu xde dinh. Néu ngoai gdc toa d6, con co
nhing diém khdc trong mién cd tri s6 bang 0, ngoai ra ham vAn khong
d6i ddu goi la ham c¢6 ddu khong ddéi.

Liapunov di chiing minh diéu kién 6n dinh sau :

Véi phuong trinh chuyén dong (5-8) cla hé, néu tim dude mot ham
Vix;, . ., x) c6 ddu xac dinh ma dao ham cda né dVidt la mot ham
e ddu khéng déi, nguvc diu véi V hoac bang khéng thi trang thai can
bing d géc toa do la én dinh.

Néu dao ham dV/dt 1a ham ¢d ddéu xdc dink, nguge dfu voi V thi
trang thai cdn bang d gbc toa do 1a dn dinh tiém cin.

On dinh (hay 6n dinh tiém can) cia trang thai cin bing théa min
cac diéu kién ctua dinh ly Liapunov 14 d6i v6i ham V od nhitng tinh chat
néu trén, cd th€ xay dung trong mién gin gbc toa do nhilng mat déng
muc khép kin mé td bsi phuong trinh :
va chia ci gdc toa déo.

Bang cach giam|C]|, 4% 0<ici<ic
cic mét phang &y sé tién i
dén gdc toa d6 (hinh 5.4). '
O hinh 5.4 ¢6 ba dang
qu¥ dao pha : & quy dao
1, dac ham dV/dt co dau

xdc dinh, ngucc dau voi

V. Néu moi quy dao pha
co dang nhu quy dao 1,
vi trl can bang sé &n
dinh tiém can. Hinh 5.4
Quy dao pha 2 tuogng

Uing voi dao ham dV/dt cd ddu khong d&i nén sé dn dinh theo Liapunov
nhung khéng tiém can. Khi dV/idt = 0, quy dao pha cd thé "dinh” vao
bé mat véi V = C nhu & hinh 54. Bang cach chon diém xuit phat phi
hop cd thé lam cho di€m t6i han hay quy dao pha nam treng mién cho

trudc ciua vi tri cAn bang.
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Quy dao 3 tuong tung vdi 6n dinh tiém can cua vi tri cAn bing mac
du khong pht hgp véi didu kién Liapunov. Tu dd thay rang diéu kién
Liapunov khong phai 1a diéu kién cdn d€ hé diéu khién tu dong &n dinh.
Diéu kien 6n dinh cia vi tri cAn bang theo Liapunov ma ham V tén tai
la didu kién du d€ hé 8n dinh trong pham vi nhd. Néu chon duge ham
V théa man nhiing diéu kién trén thi hé 6n dinh tiém cén, nhung néu
khéng chon duge ham V nhu thé thi khoéng thé két luan hé khéng én
dinh tiém can.

Khi ham V da dugc chon, d€ xac dinh d&u cia dao ham, khéng can
gial phuong trinh (5-6). Thuc vay, vi :

n

av dx °av

P R el JCIRE A (5-10)

av
dt | Ux; dt =

Khd khan etia viée chon ham V da han ché idng dung cda phuong
phdp Liapunov. Chua c¢d nhung phuong phap don tri nao d€ xay dung
nhilng ham V nhu vdy ma chi ¢6 nhitng phuogng phdp trg giap.

5.2.1. PHUONG PHAP LIAPUNOV TRUC TIEP VA HE LIEN TUC
TUYEN TINH OTONOM

Viée dung phuong phap truc tiép cta Liapunov cho phép md rong
khii niém +é 8n dinh cua hé phi tuyén. Ngoai ra ham Liapunov cho ta
nhimng chi tiéu chdt lugng va s6 lugng dé tdng hgp hé.

Hé tuyén tinh &téndm duge mé tad bang phuong trinh trang thai :
X = AX . (5-11)
ma A 1A ma trdn n x n hdng va thuc.

Hé trén sé 8n dinh tiém can toan bd & goc toa dé néu va chi néu
vii ma tran @ déi xing xdc dinh dudng cho trude, od mdt ma tridn doi
xing xac dinh duong P thoa mé#n phuong trinh :

AP+ PA = Q. (5-12)
Ching minh diéu kién da .
Néu dung ham vod hudng dang binh phuong :
ViX) = X’PX .

voi gid thiét rdng ma tran P d&i xing va xdc dinh duong la nghiém duy
nhdt cua phugng trinh {5-12).



Chd y rang VIX) > 0 dsi v6i X = 0

VX)) = 0 khi X = 0
Liy dao ham cua V theo thdi gian

V(X) = X'PX + X'PX.
Két hop véi (5-11) ta cd

V(X) = X’APX + X'PAX
X'(AP + PAX
-Xgx

Vi Q xdc dinh duong, V(X) xdc dinh 4m. Chudn cta vects X duoe
xac dinh bdi

I
Xl = X'PX)2

khi P xac dinh duong. Vi vay :
VX = [|X])?
VX) = » thi |[|X[]°—>

Nhu vay, theo dinh Iy Liapunov, hé¢ s& 8n dinh tiém can toan b6 &
géc toa do.

1

V6i P la nghiém duy nhdt cia (5-12) cd thé ching minh diéu kién
da (7).

Néu (5-11) 1a on dinh tiém can, vi ma tran Q nao dd, tén tai ma
tran P thoa man (5-~12).

Néu Q xac dinh duong thi P cing xdc dinh duong.

Vi du 5-1 Xac dinh tinh 8n dinh c@a hé :

L. -1 =2
vii A = l: 1 _4] .
Trudc tién giai phuong trinh (5-12) d€ xéc dinh P véi ma tran Q

cho trudc (1a ma tran d6i xing xdac dinh duong hay ban xdc dinh duong)
vi du chon @ = I ta ¢d :

AP + PA = -I.

-1 1][Pu P Piu Piz|[-1 -2 [—1 0 _
+ = . (5-13)
[_2 “4} P12 Pz P12 P2 [ 1 _4] 0 _1}

L

hay
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Ma tran P 1a ma tran déi xding xac dinh duong déi v6i hé &n dinh.
Ta (5-13), ta cd :

2p;; + 2p;; = -1
2p;; = 9piz + pm =0
“Ap;p =~ 8pp = -1

Giai hé phuong trinh trén ta cd :

@ 7
P11 Piz 60 60
P = =
P12 P22 _ a 1
60 60

Ma tran P la xdc dinh duong vi theo dinh ly Silvester p;; > 0,
PP — p;fz > 0. Hé s6 6n dinh tiém can trong pham vi lén. Q dugc

chon mot cach tuy ¥, vi du :

- g

thi hé trén ciing 6n dinh tiém can nhu vsi @ = 1

5.2.2. PHUONG PHAP KRASOVSKI
Hé phi tuyén duge mé ta boi
X = £1(X); f0) = 0 (5-14)

Gia thiét f ¢ dao ham riéng bac mét lien tuc va J (X) 13 dinh thic
Jacobi :

[of,  of of, |
wX, 91X, X,
s = 29 _ % &, X (5-15)
- ux T 1 2 @0 | - T
of,  of, of,
oX, 90X, T X,

Hé phi tuyén (5-14) 13 én dinh tiém can ¢ goc toa dd néu tom tai
ma trdn P doi xdng, xdc dinh duong sao cho ma tran

FXy = JiXy + PIX) . (5-16)
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la xdc dinh 4m v6i moi X. Tw d¢
ViXy = 'Pf. (5-17
Chiing minh :

A ]
Tit (5-17) ta cd %? = {°(X) PEX) + £(X) P(X)

#iX) )
X

X IXYPIX) + X PJIE (X}
F(X) [J’(X)P + PJ(X)} £(X)
£(X) F(X) £(X)

' PAX) + £(X) PIX) £X)

1l

gV
vy la xdc dinh am. Tu (5-17)
thiay rang V() = 0, V(X) > 0 cho moi X = 0, trd phi fiX) = 0 véi
moét s8 X = 0, nghia 14 trit phi cd nhitng trang thai can bang khac.

Vi F(X) 1a xae dinh 4m theo gia thiét

Bay gig ta sé ching minh rang néu F(X) la xdc dinh &m thi (5-14)
khong cd difm cin biang nao khic ngeai goc toa do.
if(aX) Af(aX)

T = X. Lay tich phan hai v& tit ¢ = 0 dén

Dung vectd
(2.4

a = 1 ta o ;

1.
f(X) = | dfgix) Xda
0

Néu vecto X = 0 ma f(X) = 0 thi :

u‘f (aX)

X'P{(X) = j Xda
]

1 1
=5 | XF(aX) Xda
0

Vi F(aX) 14 xd4c dinh am cho mei «, tich phan trén 12 am vA khéng
thé bang 0 vi d6 1a didu mau thufn. Vay diéu kién d&€ cd 8n dinh tiém
cAn theo Liapunov dd duge ching minh.

Vi du 5-2 Cho hé phi tuyén nhu & hinh 5.5 v4i phuong trinh phi tuyén
dang :
Z = fix)

vh xy = 0,y = —x vay Kz = ¥ - —x.
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=0 2 __ K |y
~ s{s+ J) =
Hinh 5.5
Dat X, = X ; X, = dx/dt, ta c¢d phuong trinh trang thai :
x, = fix) = %,
Diém can bing nim ¢ gde toa dd n&u f(0) = 0.
Bay gig ta cd
[af, of
| | :
_ 1 df(x,)
T =Tag, o] T |-k—2 1| =19
J— JE— dX2
% axz
[p p
Vai p— | 2 (5-19)
Piz P2z
dé ma tran P xdc dinh duong :
Py > 0 (5-20a)
PuP2 ~ P, > 0 (5-20b)
Ma trin Fix) = J'x)P + PJx)
df(x,) 0 1
_| 0 -K ax, En £12 + [I;u 11;’12] ) df(x,) »
. 1 12 P2 12 P dx,
df(x,) df(x,)
—2p; K dx, P~ Pz —PnK dx,
= af(x,) (5-21)
P~ P2 P K—— 2(P12 — P22)
11 12 22 dx, (P12 2

Dé hé 6n dinh tiém can, - F{x) phai x4c dinh duong, nghia 1a :
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df(x,)
oK m > 0 (5-22)

df(x,) df(x,) 2
—4piz K dx, (P1z = P22) — (Pu ~ P~ P K dx, ) >0,

df(x,) df(x;) 2
hoac : 4p;; K dx, (P22 = p12) = (Pn — P12~ P22 KE'I“J . (56-23)

Gia thist K > 0 va chon p;» > 0 Tu bat phuong trinh (5-23) rat
ra didu kién :
df(x,}
dx,

> 0 . (5-24)

Chon p;; = py; va ppy = fpy; vi § > 1. Tu bit phuong trinh (5-23)
rat ra :

G aa a

SN

1 1
hoac : — +— < %, < —=—"
' VaK UK
Mién 6n dinh tiém can la
mién gach sec nhu & hinh 5.6,

df(x,)
4 - 1) > K &, (5-25)
Bidt phuong trinh (5-24) va (5-25) xdc dinh diéu kién én dinh tiém
can cda hé Vi du néu ldy f(x) = x?, dac tinh phi tuyén déi xdng 0
phan tu thd nhit va thd ba. Vay : p
h 2
df(x)) -
’ d.X = SX‘I. > 0 ) V'/ e '/-/,f/-/_l!
1 N
Diéu kien (5-25) cho ta ; 3/ " A
, 4 (1 1J 2 4
< = |7z—-—=|- oA
MUKV g ? gy
Khi g = 2, x, cuc dai, do g, 4
dé 1 y// a1
1 = f/// A6
n
!
o0t
RO II

Hinh 5.8
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5.2.3. PHUONG PHAP LURIE

Trong trudng hgp hé phi tuyén nhu & hinh 5.5 voi diac tinh phi tuyén
thoa man diéu kién xZ(x) > 0, Z(0) = O, nghia 12 nim J gdc phin tu
thi nhdt va thd ba, ham V theo Lurie ¢6 thé ed dang :

x
V(xy %y X)) = L(x; X %) S Z(E) dE (5-26)
0
ma L(x| x; ....x,) dang binh phudng cia toa dé pha :

L(Xll Xz, iy Xﬂ}

P

||M;1

oG X X (5-27)

Co thé ching minh ring mat cong déng mic Liapunov chia géc toa
d0 va co nhitng tri s6 cang xa goc toa dd cang tang theo tri s6 tuyét
d6i. Mat cong ay voi «, S tuong dng c6 th€ ding d& danh gia tinh &n
dinh ctia trang thai can bang trong toan bo hé.

Vi du 5-3 Xac dinh diéu kién 8n dinh cua trang thai cdn bing ctia hé
phi tuyén co phan tuyén tinh la khau qudn tinh :

k
Wi = T (5-28)
Phuong trinh chuyén dong cta hé :
dy
Ta+y=kZ(x};x=xd—y (5-29)
Véi xy = 0, y = -x, ta c6 :
& __x_k, (5-30)
d¢ T T x)
Chon ham Liapunov dang :
1 X
- — .2 _
V—2x+_(|; Z(E) dE . (5-31)
Pao ham cta V :
A A S +3 +——z
@ a ] s [ (x)] )
2

141



Vo6i xZ{x) > 0, dao ham trén s6 4m & ca khong gian pha néu k > 0.
Nhu vay diéu kién du d€ 6n dinh tiém can trong toan bo ctia hé bac
moét véi khéu qudn tinh la hé s§ khuéch dai cia phan tuyén tinh la
duong, cdn dic tinh phi tuyén nim trong pham vi gdc phdn tu thd nhit
va thd ha.

53. ON DINH TUYET POI CUA TRANG THAI CAN BANG

On dinh tuyét d6i 1a 6n dinh tiém c4n cda trang thdi can bing trong
toan bo d6i v6i ho diac tinh phi tuydn nhit dinh.

Théng thudng ho dac tinh phi tuyén nim trong gde phan tu thu
nhdt va thi ba, xac dinh béi dudng thing 2 = kX va Z = X (r < k)
nhu § hinh 5.7a. Dac tinh phi tuyén nhu vay goi la dac tinh nam trong
hinh quat [r, k]. Nhitng vi dy cia hé &n dinh tuyét d6i véi dac tinh phi
tuyén gita gde [0, =], nghia 1a & toan bd gde phdn tu thd nhat va tha
ba da dugc xét ¢ phdong phap truc tiép cia Liapunov. Thuc ra tiéu chudn
én dinh tuyét d6i xudt hién trén co s3 ing dung phuong phdp Liapunov.

53.1. TIEU CHUAN ON BINH TUYET POI POPOV

Nam 1959 nha toin hec Rumani Popov V. M. da dé ra tiéu chuén
Sun dinh tuyét d8i trong mién tdn d6i vai cdc he didu khidn tu dong. Tiéu
chudn phat bi€u nhu sau

I- Trurng hop phiin tuyén tinh én dinh

Néu hé kin c6 phan tuyén tinh Ws} 6n dinh, con ddc tinh phi tuyén
Z(x) nam trong gic 0 < Z(x)/x < k (hinh quat [0, k]) thi didu kién du
dé hé 6n dinh la :

1
Re[ (1 +jqo) WGw)] +1 >0, (5-32)

vii q la 86 thuc bat ky.
Luu vy la k < = va ljum_)\zlﬁw) = 0. Do la diéu kién tinh dén théng
s6 nhdé phi tuyén tinh. Véi :
Wijw) = Plw) + jQiw) (5-33)
bt dang thdc (5-32) c6 dang :



1
P (@) - qQw) + 1 > 0. (5-34)

Néu diung dac tinh tuyén tinh bigén dang :
Wie = Plw) + joQw). (5-35)
va vé dic tinh W (jw) ciung dudng thang {(duvng thang Popov) :

-1
Piw) = -E'—-i- qreQ(w} . (5-36)

thi digu kién théa méan bat phuong trinh {5-32) la fedn do V;;[(jw) (dutsng
cong Popov) ndm bén phdi duong thing Popou. (hinh 5.7¢). Dd con goi
la tiéu chudn duong thang.

AZ iy B
2= kX
/ Z(x)
X
i
W, (jun)

Hinh 5.7

Dac tinh tuyén tinh W (w) va dac tinh tuyén tinh bién dang W, (jw)
cd phan thue nhd nhau nén cung cit tryc hoanh ¢ chung mot diém cing
nhu ¢ tdn s @ = 1 Dac tinh tuy&n tinh bién dang W (o) khong d6i
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xing qua tryc thyc nhu dic tinh tuyén tinh W (ju) & nhing tdn s§ khac
dau nhau.

Néu dac tinh W (o) la
dudng cong 181 thi tiéu

o 2 . o g<0
chudn o6n dinh tuyét dsi
tring vai tiéu chudn Nyquist

(xem muc 3.3.1 [19]) khi -f/;r\ k/‘)

AFS

thay dic tinh phi tuyén bang
dutng thing Z = kX. Trong

trudng hop dy didu kién
khong bao vay di€m cd toa
do (-1, jo) cia kW (jw) trung Hinh 5.8
véi diéu kién dn dinh tuyét
déi. Hé phi tuyén nhu vay la hé én dinh v6i gdc Hurwitz (gée hinh thanh
bdi dusng thiang Z = kx vad hoanh truc ma k, 1a tri s6 giéi han dudi
cla hé s§ khuéch dai phén tuyén tinh). © hinh 5.7 duong Popov ¢6 tri
6 q > 0 va ¢ hinh 5.8 dudng Popov ¢ q < 0. _ ‘
Néu dac tinh Wmtﬁw) la dudng cong c¢d hinh dang phdc tap thi tigu
chuin &n dinh tuyét d6i chat ché hon tidu chuin Nyquist (hinh 5.8). Tri
$6 gidi han theo Nyquist (i) bé hon tri s6 gigi han theo Popov

1 ; - . ;
(kgil). Nhu vay kgl > kg2‘ Dac tinh W (jw) 161 khi cdc khau quan tinh

va dao déng ndi ti€p nhau va od Khong nhiéu hon mot khau tich phan.

k
(1 +sT,) (1 +sT,) (1 +sTy)
xac dinh kg ma dédc tinh phi tuyén cua hé 1a don tri va bat ky, nam
trong gdc [0, 1], 1a On dinh tuyét d6i. Dac tinh phi tuyén trong trudmg
hop nay ed thé 1a khau giéi han (dudng I & hinh 5.9a), khau kém nhay
(dudng 2) hay role ba vi tri (duting 3) hodc mét ki€u phi tuyén don tri
nao Kkhac.

Vi du 5-4 Phan tuyén tinh : W(s)

Hay

Vi \;ﬁ(w) la dudng cong 16i (hinh 5.9b) cho nén ed thé dung tidu
chuin Nyquist. Didu kién én dinh tuong dng véi bat ding thde -W(w,)
= -Piw,) < 1. Ti dd xac dinh dugc :
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x a2, >
P
al b)
Hinh 5.9

2. Khi phin wyén tinh la trung tinh hay khéng én dink (cé nghiém trén
truc do hay nghiém phdi).

Trong trudng hgp ndy tiéu chuin 6n dinh tuyst d6i khong thé sa
dung ngay ma phai qua moét phép bign ddi. D€ phan tuyén tinh trd nén
én dinh, ding héi tiép am nhu & hinh 5.10b. D& c6 so d6 tuong duong
voi hinh 5.10a, cdn méc khau song song v6i khau phi tuyén. Nhu vay,
phdn tuyén tinh tuong duong bay gio la :

W) -~
Wm{s} = W {(5-37)
~ - Z=(ker )
X, =0 raul z y
Ly s-?_at(x) W, (s) 1,
; ] Zarx
a) ‘
X
Xdzg

Hinh 5.10
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Con dac tinh phi tuyén tuong duong 1a :
Z4(x) = Z(x) - rx .

Zu(x)  Z(x)
=2

1

trong gdc [r, kt+r] nhu & hinh 5.10c.

(6-38)

—r nén dédc tinh phi tuydn thyc bay gio phai nam

Tiéu chudn Popov bay gi¢ tugng dng véi :

1
Re(l + qjw) W, (Gw) + P 0.

Thee (5-33) :

P(w) + Q (o)

(5-39)

1

Re(l +qiw) 17 P (@) ) rQ(@) k-t

> Q0.

Sau mot vai phép bién d8i ta ¢d phdn thuce :

1 1
Pi(w) + ;+§] Py(w) -

Phugng trinh :

1 1 5 .1
;& quQ,(w) + Q;(w) + el 0. (6-40)

) 11 1 1 . 1
Pi@) + [T+ 3| Pled = |5 = 1| a0 Q@) + Qfw) + - = 0. 5-4D)

trén mat phang dac tinh tuyén tinh bién dang W,(jw) la dudng parabon

1

di qua hai diém - T va X trén truc hoanh ti€p tuyén tai difm &y cd

1 1
do nghiéng — — v& — va ga
) ng g q q gap

nhau & di€m a nhv & hinh
5.11.

bBac tinh phi
tuong ducng nidm trong gde
[0, k- r] tuong dng v4i dac

tuyén

tinh phi tuyén thye nam
trong gde fr, ktr]l. Viy hé
phi tuy&n én dinh tuyét déi
¢ trang thai can bang néu
dac tinh phi tuyén Z{(x) nam

trong gdc [r, k+r], con toan
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d6 W jw) khong cat parabon .
. . J'G?r(w)

{q, k, r) nhu trudng hop &

hinh 5.12. Do d¢ titu chudn

nay con of tén la #Héu chudn

parabon. Khi r — 0 thi

parabdn bién thanh dudng

thang va tiéu chuin parabon
12 trudng hop riéng cua tiéu
chuan duong thang. Cha ¥y

ring tiéu chuin parabon sk

dung cho hé trung tinh hoac
khong &n dinh cta phan i

tuyén tinh vdi s6 lugng Hinh 5.12

nghiém khdng qud hai va s6

lugng nghiém phai khong quia mét, néu khong, parabon (g, k, r) s6 cat
dudng cong Popov.

53.2. TIEU CHUAN ON PINH TUYET BOI CUA TRANG THAI CAN
BANG VOI PAC TINH PHI TUYEN KHONG DUNG

Trong truong hgp nay dac tinh phi tuyén khéng diing :
Z =2(x t (5-42)
nhu & hinh 513. Gia thiét la dic tinh 4y théa man didu kién Zix, t)
nim trong mién (r, k) vai
moi thoi di€m t : Z{xE) kx

70, t) = 0 :
Zix, t
r<—(§x—) < k . (5-43)

Trong trudng hop dac
tinh phi tuy&n 12 khoéng
diung, & bdt ding thdc tan
s6, dat q = 0 (diéu kién 6n
dinh tuyét déi cua qud trinh
cudng bic [23 - tr 268)]. Tit
(5 -40) cé dang :

Hinh 5.1%



. 1 1 , 1 ,
P;'((.U) + ; + El Pl(t.u) + Q[ (w) + ﬁ = (5—-44)

va (5-41) v6i q = 0 cd dang :
P(w) + L e+ Qe + L =0 5-45)
[(w) r k [(w) Q[ (G)) kI‘ - ' (O /

Viay hé phi tuyén sé dn dinh tuyét d6i o trang thai can bang véi
dac tinh phi tuyén 1a khong diung Z(x, t) vdi moi t, nam trong gdc [r, k]
néu phdn tuyén tinh la é6n dinh va duong cong Nyquist khong cit dudng
tron (k, ry (hinh 5.14a).

a) b)
Hinh 5.14
Néu phdn tuyén tinh 1a khong 6n dinh thi dutng cong Nyquist khéng

cat dudng tron (k, r» va vay ldy no % lan theo chiéu duong, vdi 1 la so
nghiém phai cia phuong trinh dac trung (hinh 5.14b). Do la tiew chuan
duing trén. Tiéu chudn Zames [12] dung cho ddc tinh Nyquist théng
thuong va cho dac tinh phi tuyén la diung hay khéng dung Khi r < 0
thi digdu kién 8n dinh )a dudng cong Nyquist ndm trong dudng tron r, k
nhu & hinh 5.15b. O hinh 515a la trudng hop r > 0 va k > 0.

Vi du 5-5 Khao sat hé cd ham truyén clia phan tuyén tinh :
16

Ws) = 3 .
s(s + 1) (s* + 0,455 + 16)
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Hinh 5.15

Dac tinh tuyén tinh bién dang :

W) =

16(w* ~ 16,45)

(1+ ) [(16 —wh? + (0,4%)3}

16(1,450° ~ 16)

+i

(1 + 0% [(16 —w?)? + (0,4560)2}

nhu & hinh 5.16. Hé s& khu&ch dai t3i han ciia hé tuyén tinh hoa :

ke = 03

= 3,33

Néu vé dutng thang tiép xdc vdi dac tinh tuyén tinh bién dang theo

titu chuidn dudng thing, ta xdc dinh

56 tuyén tinh hoa tinh kY :
k, = —= = 1,3.
8 0,77 ’
Nhu vay trang thdi cin bing
ctia hé phi tuyén sé 8n dijnh tuyét
doi néu

0 < k'x) = < k, = 1,3.

Z(x)
x &

Mién 6n dinh cta hé phi
tuyén bé hon mién ‘6n dinh cta

hé tuyén tinh.

he s6 khuéch dai tél han (hay heé

Hinh 5.18
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Vi du 5-6 Phin tuyén tinh cua hé cd ham truyén :
1
T’ + 26Ts + 1

W(s) =

v6i T = a, 25T = b. Dac tinh tadn nhy &

hinh 5.17. Ddc tinh tuyén tinh bién dang
tuong dng bing :

" 1 — aw? ) beaw? f
W(e)= S : ‘

(1- aw2)2 + b2 —J (1 - awz)‘ + bes? Hinh 5.17

Wmt(jw) khic véi W(jw) ¢ chd ty 1é xich cia truc tung ting lén « ln.
Vi @ 2 0 nén khi thay d6i W(jw) luén ¢ thd vé qua géc truc mét dudng
thAing ma dac tinh tdn &y nAm bén phii cia né. Nhu vay trang thai can
bing cua hé phi tuyén sé dn dinh tuyét dsi vai moi dac tinh phi tuyén
nam trong 6 thd nhat va thu ba.

54, ON DINH TUYET POI CUA QUA TRINH

On dinh tuyét d6i cia trang thai ciAn bang trong nhiéu trusng hop
chua di d& bao dam hé ty dong diéu khi€n phi tuyén tinh van hanh
binh thuong khi c¢d nhitng tac déng dau vao hay nhifu khsc nhau. Trong
hé, &n dinh tiém cAn cia qua trinh 13 trang thdi ma sau khi mat kich
thich hé trd lai v6i qud trinh nhu khi chua ¢6 nhifu tac déng mot cach
tiém can. Hé 6n dinh tuyét d6i néu qua trinh én dinh tiém can véi ho
dac tinh phi tuyén nhiat dinh.

Naumov B. N. vi Tsipkin Ya. Z. da tim ra diéu kién du dé qua
trinh 6n dinh tuyét d6i khi cd tac déng vao c6 giéi han. Trong trudng
hop chung, khi phdn tuyén tinh khéng &n wmh, diéu kién 4y la :

W (jw) 1
L+ rW (jom) - k—-r

) (5-46)

vGi r 14 hé s6 héi tiép d€ bdo dam phan tuyén tinh dn dinh.
Trong truong hgp &y dao ham cda dac tinh phi tuyén Z'(x) hay hé

s6 tuyén tinh hoa dao ham k(x) nam trong mién :

150



r < k'x = 2(® < k. (5-47)
Cé thé€ xac dinh tri s6 t6i han cua r va k theo tidu chuidn dutng
tron va dac tinh tdn cGa phin tuyén tinh thong thudng nhu sau :
Bang cich vé dudng tron (r, k) tiép xic vdi dac tinh tdn (hinh 5.18a,
b, ¢), xdc dinh cdc tri s6 t6i han r, va k; saoc cho voi :
ry < K@ = 2@ < ky
thi qus trinh 1a 6n dinh tuyét d6i. O day k%x) 1a hé s6 tuyén tinh hoa
dZ(x)
dx -
Khi r — 0 thi duang trén (r, k) bién thanh dudng thing ding tiép

dao ham va Z'(x) =

xic véi dac tinh tan (hinh 5.18a): duong trdon ¢d ban kinh vo6 ciung 16n.

Im

Hinh 5.18
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Thong thudong k;, < kg, nghia la: ving dn dinh tuyét déi cia qua trinh hep
hon ving 6n dinh tuyét d6i cia trang thai can bang Néu diém ti€p xuc
nam trén tryc thuc (hinh 5.18a,¢) thi ky = ko trong trudng hogp dy tiéu
chuiin duding tron 14 diéu kién cln va da. Tr 6 k;, of thé 16n hon k, khi
k%x) = Z’(x) thay d8i khong dang
k€, nghia 14 ddc tinh phi tuy&n Z(x)
rdt gin vdi ddc tinh tuyén tinh.

Vi du 5-7 Véi vi du 5-5, dac tinh
tdn cua phan tuyén tinh W (jw)
nhu & hinh 519 (dudng nét dam).

Bang cach vé dudng trom tiép
xuc voi dac tinh tdn ta xdc dinh
duge k;, = 1,9 va r;,, = 0,67

O vi dy 5-5, k, = 1,3 nhs
hon tri s6 téi han k,;, = 1,9. Tuy

nhién gidi han bién d8i cta dac

Hinh 5.19

tinh phi tuyén bi han ché dang
k&,

5.5. ON PINH TUYET DOI CUA HE XUNG

D6i voi hé xung phi tuyén ma khau phi tuyén Z{x} nam trudc phén
td xung (hinh 5.20a), cd thé hinh thanh diéu kién 6n dinh (diéu kién duo)
trén cd sd phuong phdp truc ti€p cta Liapunov cing nhu tiéu chuin dn
dinh tuyét d6i Popov, thong dung la dang dac tinh tén.

Céng trinh ddu tién vé dé& tai nay 1a cta Tsipkin Ya. Z., 6ng da
ching minh rang diéu kién dd dé hé xung vdi dic tinh phi tuyén nam
trong goc [0, k]l on dinh tuyét d6i phai théa min bit ding thic :

1
ReW; (jw) + A (5-48)

v6i Wi (jw) la dac tinh tdn cha phan xung tuyén tinh cta hé vai gia thiét
la W{(jw) 8n dinh. Dac tinh phi tuyén nam trong goc [0, k] 6 thé gian
doan, da tri hoac khong diung.
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Hinh 5.20

Theo tiéu chudn nay, hé sé 6n dinh tuyét déi néu dac tinh tdn
Wi(jw) nam hoadn toan & phia phai cia dudng thing ding di qua difm

1
(‘E) (hinh 5.20b). Diéu kién nay khéng nhiing la di ma con la cin
thigt khi dac tinh tdn W{(jw) cd cuc ti€u & giao di€m véi truc thuc (hinh
5.20c). Trong trudng hop nay tri s6 gidi han cia k & hé tuyén tinh ma
khau phi tuyén duge thay thé bang tuyén tinh, véi hé s8 khuéch dai
k duge xdc dinh theo tiéu chudn Nyquist sé& tring v6i gidi han cia gdc
[0, k] duge xac dinh theo Tsipkin.

Trudng hop via néu it gép ; nhidu khi tiéu chuidn (5-48) ~d yéu
cdu tuong d6i cao ddi véi thong s§ ctia hée. Dd 1a dudng thiang phai thing
ding ma ddc tinh tdn W (j«) ndm bén phai nd. Chu y ridng & hé lién
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. |
tuc, dudng thang Popov di qua diém cd toa do { —— ) cd dé6 nghiéng
p q Kk

bat ky. Dé thdy ring tri =6 gisi han cda k d6i voi bién gidi trén cla
gée [0, k] s& lén hon so vdi duong thang ding Popov.

D6i v6i hé cd dac tinh phi tuyén don digéu thi tiéu chudn 6n dinh
tuyét déi tuong dng voi bat ding thie

Re[l +q(l-e! m‘)] W (jw) + % >0 (5-49)

vii q & s6 duong bidt ky.

Todn td 1 - e®T tuong dng vGi sal phin bac mbt, tuong tu nhu
nhian ti jw & b&t ding thitc Popov cho hé lién tuc. Néu dung dac tinh
tan bién dang cta thanh phdn xung tuyén tinh

Wi (jw) = ReW;(j(w) + {Re [e‘iw'l‘w;(jw)} - Rve(Jw)} . (5-50)

thi tiéu chudn (5-49) gidng nhu tiéu chuin Popov thong thusng d6i véi
hé lén tuc. Hé xung phi tuyén on dinh khi phin xung tuyén tinh &n

1 :
dinh va qua di€m c¢6 toa do (— E) ed thé vé dudng thang voi dé nghiéng

1
duong q tiy ¥ sac cho bifu d6 W{(jw) ndm bén phai nd.

Trong trudng hop phdn xung tuy&n tinh trung tinh hay khéng én

dinh, cdch bién d8i sg dé cdu tric tuong duong gidng nhu & hé lién tuc.

D& qua trinh & hé xung phi tuyén 6n dinh tuyét déi, Tsipkin Ya. 2.

néu lén difu kién di gidng nhu didu kién khi phdn tuyén tinh 13 trung

tinh hay khéng &n dinh cua trang thai can bing hay cia qud trinh & hé
lién tuc :

Wiy 1
¢ 1 + rW] (jw) k—r

> 0 (5-51)

véi diéa kién vé dao ham cGa dac tinh phi tuyén :
r < kix) = dZ@xydx < k (5-62)

khac v6i trudng hgp lién tuc 1a dac tinh nay ¢d thé khéng ding.
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§.6. SO SANH CAC PHUONG PHAP PHAN TiCH ON DINH
CUA HE PHI TUYEN

Tu cdc phuong phdp phan tich 6n dinh cia hé phi tuyén da khao
sit, chi ¢ phuong phap mat phing pha (hay khong gian pha ndi chung)
cho phép xdc dinh diéu kién cin va diu d€ hé 6n dinh. Véi do chinh =ac
cia md hinh theo hé phuong trinh di cho ma didu kién cdn va da dé
hé dn dinh duge xdc dinh nh# vao mé hinh hda todn hoe.

Tiéu chuin on dinh tuyét d8i tdn sd cho diéu kién du nhung khéng
phai ]a diéu kién can, trong khi dé phuong phdp trdc tidp cua Liapunov
voi dang ham V nhit dinh o6 thé cho ving &n dinh hep hon tiéu chudn
én dinh tuyét déi cia Popov. Tuy nhién ci hai phuong phap nay déu bao
dam tinh 8n dinh trong ving da cho.

Phuong phdp tuyén tinh héa diéu hoa tuy thudc vao mdc do théa
min cda gid thiét loc ma cho ta
tri 86 gidn ddng cha mién 6n dinh,
nhung lai khong bdo ddm tinh dén
dinh trong mién nay vi mién da
xdc dinh theo phuong phap tuyén
tinh héa diéu hoa c6 thé vugt ra
khéi giéi han mién én dinh. Trong
mién nay ddi khi cd tu dao dong
da tdn.

Mién On dinh =xdc dinh theo

cidc phuong phap khdc nhau duge
mé td dinh tinh nhu & hinh 5.21. Hinh %.21
O day a; va a, la thong s6 tdng
quidt cdéa hé phi tuyén da cho.
Phia dudc gach soc tuong ung v6i mién 6n dinh. Néu duong I la gidi
han mién &n dinh thuc ctia hé thi dudng 2 1a gi6i han 8n dinh theo tiéu
chudn &n dinh tuyét dsi Popov. Duiing 3 la giéi han 8n dinh theo phuong
phdp truc tiép cua Liapunov voi nhiing ham V' khdc nhau.

Phuong phdp tuydn tinh hda diéu héa dng véi dudng 4 ma od noi
vugt ra ngoai gidi han thuc cia mién &n dinh.

Vi du 5-8 Dung tiéu chudn 6n dinh tuyét d&i cta trang thai can bing
dé xdc dinh hé s§ khuéch dai gisi han {Nk)g cia hé tuy déng rcle nhu
¢ vi du 4-2 va so sanh vai hé s6 khuéch dai gidi han xdac dinh theo
phuong phdp tuyén tinh hda diédu hoa.
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Phdan tuyén tinh cia hé ¢ ham truyén :

k
T os(1+0.28) (1 + 28)

Wi is) (5-53)

Tan s6 cat cta dac tinh tdn W (ju) véi phAn am cia truc thuc da
duge xac dinh theo vi du 4-2 bing 1,58 sec . O tdn s6 nay, modun cia
dac tinh tdn W(w’) = 0,182k. Dac tinh role (bing 4-1) nam trong goc
[r, N] ma r la tri s6 duong vé cing bé, con N = Z /x, la hé s8 chudn
hda. Do dac tinh tin W /jw) cd dang 16, theo tiéu chudn &n dinh tuyét
dai

0,182k < I/N,
tit do : (Nk), = 1/0,182 = 55 sec

O vi du 4-2, theo phuong phap tuyén tinh hda diéu hda, tin s6 tu
dao déng khéng thay ddi khi thay d6i hé s6 khuéch dai cua phén tuyén
tinh, tuy nhién trong thyc t&€ tin s6 &y thay ddi.

Sai 86 cla phuong phdp tuyén tinh hoda diéu hoa dugc méd ta & hinh
5.22a, b, vol két qua tinh toan (dudng ndt lién) va két qua md hinh hoa
trén may tinh (cdc diém). Diém tan cung bén trai cta tinh todn va thuc
nghiém tuong ung vdi tri sd giéi han (Nki, cda ché d6 fu dao dong :
theo tinh todn bdng 8.6 sec’! va theo thifc nghiém bang 6,3 sec |

T4t ca cac s6 liéu noi trén phl hop véi thong =6 a,, trén hinh 521.

Két qua tinh toan cho tri s6 (Nk), ldn hon, cd nghia 13 & hé théng
co tu dao dong, mac diu theo phuang‘. phip tuyén tinh hda thi khong.
Thec hinh 522, khi tang Nk thi bien dé va tdn s6 tu dao Jdung tang va
chénh léch gita tri s6 tinh todn va thuc t& cia A', «" giam 16 rét.

W sec
:‘ 575 — g (0T
1 1S — "_"—’—"‘"'—'é o oA
J I_.. i 1 A E R,
14 6§ 7 8 3 o on 523 t4
Wk, seo

Hinh 5.22
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BAlL TAP CHUONG 5

Bai tdp 5-1 Phuang trinh chuyén doéng cha hé con tré gian don (hinh
7.20 [19]) nhu sau :

, &’ dcb .
mL~ > + B = + mglsin® = 0. (5-54)
dt dt
Phan tich vé tinh 6n dinh cua con trd theo tiéu chudn Liapunov truc
tiép.
Bdp dn

Nang lugng cia hé gom cd dong nang va thé nang :
1 1 y -
V(d) = mgh + 2 mv’ = mgL, — mgleos® + 3 mL%®?% . (5-55)

Dao ham cda (5-55) theo thoi gian :
"}'((D) = mgL(i)sinfD + mLid d = CD ( mglsind + nle&;)
Thay (5 ~54) vao phuong trinh trén ta duge :
V(@) = — Bo? (5-56)

Phuong trinh (5-53) tham V) khéng thé am, bang O khi costh = 1 va
o = 0 Trong trudng hop 4y @ = *n2x (n = 0, 1 2,.) ta co trang
thdai 6n dinh t6i han. D&u cia (5-56) luén am cd nghia la nang lugng
chi giAm va trang thai dn dinh la tiém can. Vai trd cua B 1a tiéu tdn
nang lugng. Néu B = 0, hé sé khong 6n dinh tiém ciAn nhung 8n dinh
theo Liapunov,

Néu chon x; = & va x, = Cb, ham V(x) la xdc dinh duong trong
mién R vi nd ¢d dao him riéng luén duong ngoai difm V(0) = 0. Néu
V(x) khong bé hon O nhung bing 0 vdi mét s6 dai lugng khac 0 cua x
trong mién R thi V(x) 12 ban xdc dinh duong.

Néu Vix) la xac dinh dudng, \}(x) la ban xdc dinh am, V{x) la ham
Liapunov va hé 14 6n dinh theo Liapunov. Néu \‘7(){) 134 xdec dinh am, hé
dn dinh tiém cian. Néu \'/(x) la xdc dinh duong, gbc toa dj 1a diém khéng
én dinh toi han.



Bai tdp 5-2 Vai bai tap 5-1, xdc dinh unh 6n dinh cua hé phu thudc
diéu kién dau khdac nhau.

Ddp dn :

Véi bién trang thai x, (6-55) c6 dang :

]- ]
Vix) = mgL — mglcosx; + 5 mLx5 . (5-57)

D& 6n dinh tiém can, V(x) phai xdc dinh duong va V(x) xdc dinh
am. Mot trong nhitng yéu cdu d& V(x;) xdc dinh duong la & duge gioi
han trong mién —7 < ® < 7. Tai cdc tri s6 +m, x, = 0. Thay cac gia
tri gi6i han vao (5-57) ta cd Vix) = 2mgL. Vdi tri s6 hang cia V{x),

(6-57) cho :
V 2g(1 + cosx,) 2g Xy
n=\N—" 1 = Y1

Vi dai lugng nhidt dinh cla L c6 dang dudng cong nhdt dinh nhu
& hirh 523 vd dang cdc quy dac pha nhu & hinh 5.24.

Hinh 5.23

Hinh §.24

Bai tip 5-3 Kiém tra On dinh cia hé phi tuyén voi tin hiéu vao u; = u, = 0.
Hé phueng trinh dude mé ta bai
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X = ‘4X1‘—xlx%+x3;

(5-58)

|

+————

A R

.

|

[

!

!

I
L
!

!

I

!

)

i

e

I

|

|

I

|

|

R P

|

!

}

!

!

{
25

4o———
I

—————
|
|
|
|
|
!
r
[
f
i R
|

4
t
0

hay

159

Minh 5.25



Ddap dn :

Mé hinh hda theo SIMULINK véi so d6 khsi nhu & hinh 5.25a cic
diap dng nhu & hinh 5.25b. Khao sat cho thdy hé khéng 6n dinh nhit 1a
khi x; > 0 thi x, nhanh chdng trd thanh dudng théng dung.

Bai tdp 5—-4 Hé gém 10 xo, trong khdi va gidm chdn nhu & hinh 52. Gia
thiét luc cia 10 xo tao dich chuyén x; nhu & hinh 524 Luc giam chin
ty 1@ véi téc do tic thoi x, = x,. Vay (5-4) bay git cd dang :

X1=X

2 (5-59)
X =~ h{x) %) Fix)
Néu ding ham V 1a tong nang
lugng :
Xl
1 2 X
Vi x) = 5% + [ fix)dx. (5-60) L
0
thi hé ¢é 6n dinh thec Liapunov
khéng ?
BPdp dn
Theo (5-60) - Hinh 5.26
Vi) >0, x = 0 ;
Vi) = 0
av
= hEdx tx, [ - (%)) - X2f2(11):|
(56-61)
=~ x% f5(x,) .
L%
Néu fo(x;) > 0, qt la ban x4c dinh am. Fil 0 khong théa man

(5-59) ngoai trit x = 0. Hé phi tuyén trén &n dinh tiém cén.

Ao e f(é')l/; [ ..__/,_{_'______ y
-/I ] (s+o }s |
——— P Jt
Hinh 5.27
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Bai tgp 5-5 Hé diéu khién déng co xéevd nhu 8 hinh 5-27. Vdi ham
Vi), x) = pixd , paxs (5-62)
véi Pii >0, ppy >0
Ki€m tra 8n dinh theo Liapunov khi hé 1a tuyén tinh hoa, khi fy(e)
cd dang nhu ¢ hinh 5-24 va khi ham V 1a t8ng ning lugng.
Bdp dn
Véi Xg = 0 : é+ae+Kfi(e) =0 (5-63)

a) Hé tuyén tinh hda : file) = e

Dung bién trang thdi e = x|, e = Xy
"‘1 = X255
. (5-64)
X; = — Kx; —eax,

. dv
Vol (5-62) ta c6 : — =

a 2(py; - pK) %%, - 2pya x5,

dav
ry la bdn xac dinh 4m néu p;; ~ ppK = 0, Pz > 0 (p 124 ma tran
hé s6 (5-19)). Né&u chon py; = Kpyy, véi K > 0, @« > 0 thi didu kien da
d€ hé 6n dinh la théa man. Tuy nhién véi hé tuyén tinh, d6 con 1a diéu
kién ecdn va da.

b) Trudng hop fi(x;) nhu & hinh 526, hé¢ phuong trinh (5-64) bay
gis 1a

X = Xy
! z (5-65)
x, = — Kfj(x)} — ax,
dv
at 2p) %X,
~2pKf (x))x,
—2&2(2)(%

Vi £i(x,) 14 phi tuyén, khong c¢6 didu kién Pin > 0, pyp > 0 dE it

nhidt 1a a bin xdc dinh am.

Bai toan khong giai duge.

c} Ham V dang nang lugng :
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Xl
1
Vix;, %) = 3 x% + KI fi(x)) dx, ,
0

K > 0 thi V la xiac dinh duong :

av )
o = Bh@E) = +x; [_Kf1(x1) -« xz] =-a¥; .

Hé 6n dinh tiém can.

Bai tgp 5—6 Vai hé phi tuyén d hinh 527 nhung phan tuy#n tinh cd ham
truyén

K
Wis) = 53 ;
‘ s+ a?
fie) = e .
Hé phuong trinh (5-64) bay gig la
X, = X, ;
v (5-66)
5(2 = —(K+a2)x1 .
av 2
at = 2Puxixe ~ 2pp(K +afxpx;
ar 2 1 dv ] .
Néu chon p;; = pp(K + ) thi T - 0 va hé &n dinh.

So sdnh két qua cha phuong phdp Liapunov véi cach giai truc tiép
hé phudgng trinh trén.

D&i vdi hé (5-66) voi didu kién ddu x° ¢ nghiém :

8]
X7
x{cos k+alt+——— sin VK +a?t

VK + o2 x?sindK+a2 t + x5 cos K+a? t
Chudn ctia vectd x(t} la :

_ xS
xJcosV K + att+

[x(t)|| = = sinV K +a’ t| +

dK+a
+ l —!Jk+c:c2 x?sin\!k+a2 t+xgcos\JK+a2 t|

| | =3 |
ol b 2 |WJK+a2 ||=¢| +
|'JK+cx2(

4]
X2
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Bai tdp 5-7 Diung tiéu chudn én dinh
tuyét d6i Popov d€ kifm tra on dinh
cia hé ed sd d6 khoi & hinh 4.17a
(bai tap 4-5).

mién gigi han nhu & hinh 5.28 véi r
la tri s6 duong bé, con k = 1.

BDdp dn

hé 8n dinh (nhung khéng tiém cén

1
{14+ ———
( |dK+a2|
1
<{1l+——=—=+ |VK+a* x°
( Nierd IVE+a® [}

Nhu véy voi £ da cho, ¢6 thé chon :
£

1
1+ —
[\JK+&2|

() =

+ |YK+a? |

dé thdéa mén didu kién dn dinh.

ZA K

IR+ V(151 + [39])

Phan td phi tuyén nim trong

Chi y la phdn tuyén tinh cua
Hinh 5.28

B

10 i Lo T i T
: I
E \ Budng Fopov
aF p---t a5 p---- N bl
i | i H :
Im i Im | o '
] i ] ! 1
T e i e L o B I ORI Sl SR
i Do N
n N
R e o B T e D I
i ; i : : ! ! i
i i ! ! ! ' ! ! i
' ' T ' H 1 1 i
A e et T SRR -0 R S s SERLE ST R
! H [ H i | ! ;
i 1 ] ! i H i
| H 1 ! ' } i Tt '
! ' b ' | | 1 | '
-1,5 1 1] ~15 L 1 H ] i 1
-3 -2 -1 o -3 -2 -7 7
Re Re
a) b)
Hinh 5.29
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vi ¢6 nghiém ¢ goéc truc, didu dd chdp nhan duge vi r > 0) va tiéu
chuan Popov e6 thé ap dung duge cho hé nay.

O hinh 529a 6 dac tinh tuyén tinh bign dang W,(Gw) va dudng
1 1
tha P di dié — =3 = (-1 i dd hié — = 1.
dng Popov di qua diém ( i _]o) ( Jo) od do nghiéng
Khéng thé vé& dudng Popov nhu vay ma khong cat diac tinh tuyén

tinh bién dang W (j) : khong thé két luan la hé on dinh tiém can va
cing khong thé€ k&t luan 1a hé khéng 8n dinh.

Bay gio thay ddi k = 0,6 va q = 1,2 chang han. Dd 1a trudng hgp
nhu & hinh 529b. Hé 58 trd nén 6n dinh tiém ean v8 moi k < 0,6

So sanh vai phuong phap tuyén tinh hoa diéu hdoa & bai tap 4-5, ta
k&t ludn ring hé sé 8n dinh vo diéu kién n&u hé s6 khuéch dai cua phén

tuyén tinh giam di mot dai lugng 0,6 (¢ hinh 4.17b dac tinh la

W)
dac tinh nghich dao cia phin tuyén tinh) thi & bai tip nay dudng thang

1
Popov di qua difm (_E) véi k = 06

,J‘Im. Adrm Im

-1/, | -1
VA ) ne Y .
W) k>r>0 W, ()| r =0 &/wo

al b) 2

Hinh 5.30

Bai tip 5-8 Vi bai tap {4-5) va (6-7) hay xdac dinh k theo tiéu chuin
dudng tron (hinh 5-4 chang han).

Ddp dn :
(3 hinh 5-30 c6 ba trudng hop khac nhau cia tiéu chudn dudng tron
tiuy thuoc gid tri t6i han cia k va r & dac tinh phi tuyén Z(x).
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O vi du nay, néu gia thit r = 0 ta cd trudng hgp & hinh 5.30b

. 1 . .
va dutng thang didng tai - -1 sé& cat dudng cong Nyquist (hinh
5.3la). Néu ve dudng thing ding nhu vay ma khong cit W,(u) thi phai

1
vé qua diém Rl 12 tuong dng vai k = 0,08
Iy 20—+ ,

T
1
'
N 1
OF---#-—-Lavoaluc _
.

I
1
g
B SR 2 S N U S
X | ' 1
i Gesd 10
-50 |- mpme T I____i__--JI....._
H ' | ‘ !
-58 ___L_ :l__-_‘_ J;_- - -
1 1
-8 -.-.-.i_ _-.Il___x___l: ——t

a)

Hinh 5.31

Phuung phap ham mé tid va phuong phdp Popov déu cho két qua
bang 0,6.

Néu khéng gia thiét didu kién r = 0, ta diung trudng hop nhu &
hinh 5.30a.

Theo dac tinh phi tuyén & bai tap 4-5 ta ed k; = 1, k, = 0,5 Vay
dé dudng thang cd do nghiéng r khéng cit dac tinh phi tuyén v6i moi

1 1 .
tri s6 cta x, ta chon - T T os= 2. Theo dudng cong Nyquist ¢ hinh
531b chon k =-0,55 va dudng tréon nhu & hinh v& trén véi tén s6 tai
di€m tiép xic bing ©° = 2,1 rad.sec |

Bai tip 5-9 Mot hé 16 xo, trong kh6i, gidm xdc ma luc giam xoc ty le
vOi ham bac ba ctéa t8c do6 vA dugc mod ta bai
')} + 0,5&3 +ty=0.
* Kiém tra dn dinh theo Liapunov v4i ham V :
V=x%+x%nléxlsy;x2§y,

Ddp dn :



Ti cdc phuong trinh trén ta rut ra :

T % (5-67)

: 3
X, = —00x; —x;.

va V= 2%1Xy xg - 2Xx, = — xg .

\ la ban xac dinh am, hé 6n dinh theo Liapunov. Tuy nhién vi truc
xi(x; = 0} khong pbai 1a quy dao, hé cén 1a 6n dinh tiém can.

Bai tdp 5~10 Voi hé phi tuyén nhu

¢ hinh 5-27 va co cdu didu khién

cd dac tinh nhu hinh 5.32 va M f(e) s
phdn tuyén tinh : 2
4
W —1 //
&= i ns /
Ham V duge chon : // ¢ nghicag !
2 2
V = a;x7+ 2a,x%, + ayx; .
. 7 c

vl X; = e, x; = e . -

Kigm tra 6n dinh véi f(e) Hinh 5.32
duge tuyén tinh hda va khong
tuyén tinh hda.
Bdp dn :

a) Véi f(x;¥x; = 1 ta ¢6 hé tuyén tinh :

e (5-68)
va V= —2a12x% + 2(a;; —a;, —a,) X%, +
+2(a; —ay,) x% .
Mudn od V= 2}(21Z + 2x§, cdn chon
ay = -3 ;a3 = -1 ay = -2

- e Ayl _ 2
va = —3xy — 2%, — 2x5 .

Theo dinh Iy Sylvester (xem Phu luc A} thl V xac dinh 4m va hé
tuyén tinh én dinh tiém can.
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b) V&i f(x;) 1a phi tuyén :
Vdéi ham V 14 xdc dinh am thi
V= 2x f(x ) + 4x,f(x)) — 4x;x, + 2x%
f(x,) f(x))

x%+4(x——1) x1x2+2x%.
1

=2

~ DE V xéc dinh duong, theo dinh 1y Sylvester ta cd cdc didu kién
sau
f(x))

k>0;k—(k—1)°=—-k*+3k—1>0; -
1

=k

Theo nghiém k* - 3k + 1 = 0, diéu kién d& hé phi tuy&n &n dinh
tiém can 1la :
f(x))
0,38 <

< 2,62,
X

Bai «ip 5-11 Véi bai tap 5-3, ding phuong phdp Liapunov xdc dinh ma
tran héi tiép K dé hé 6n dinh

Ddp dn :
Dung ham Liapunov dang : V(x) = ax? +bxs +ex2, ham V() > 0
néu a, b, ¢ déu duong
\}(x) = anll-{l + 2bx21;2 + 2cx3§3
= - Sax% — 2axix% + 2(a + ¢) x,%xq + 2bx x4 — ‘be% :

Chon K dgi voi u; va u, :

) kx kyy kpp ks —kyxp - kpxp = kygxs
= — - — . X =

u, ky Ky kpy —kyx; = kpxp — koyxs

Tw d6 : %= — @+ k)x; — 2% — kpoxo + (1 — K;3) %5 ;

xp = (1 = kap) xp = %3 =~ kypxy — Ky
X3 = Xx[.
Bay gig ta co :
V(x) = — 2a(4 + k;,) x% — 2ax3%2 — (2aky, = 2b(1 = k) %y,

+ (2a(1 — kyz) + 2¢) xyx3 — 2bxj — 2b kyyx] — 2bkox,
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be \.f(x) ban xac dinh am, chon :

kyy = kyp = ks = 0

Hinh 5.33
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+ (2a (1~ ky3) + 2} xpx, = 2bxg — Zbky .
k21=1;k13=1+cﬁa;a=b=c:1;k22=10;
0 0 2
1 10 0

V(x) = — 8%} — 2xix3 — 2x3 — 20x3.

K:

S¢ d6 hé kin nhu d hinh 533 va cic dac tinh thdi gian cda x nhu
¢ hinh 5.34.
So sanh cdc dic tinh & hinh 534 va 525 ta thay, sau khi dang
h&i ti€p trang thai hé trd nén 6n dinh, k,, cang 16n, d6 dy trit &n dinh
cing cao.
Cing vdi ham Liapunov Vix} trén, ¢6 th& chon cdc hé s6 cla K khidc
nhau ; Ham Liapunov cing c¢d thé chon khdac vdi ham da

néu, do la dac
di€ém cua phuong phdap Liapunov.

169



Chuong 6
CHAT LUQONG CUA QUA TRINH DIEU KHIEN
TRONG HE PHI TUYEN

Nhiém wvu cin <dat duge § mdt qua trinh cd chat luong can thist &
cdc hé phi tuyén cing nhu d hé tuyén tinh la rdt quan trong. D& danh
gia chdt lugng & hé phi tuyén, cling dung cic chi tiéu nhu & hé tuyén
-tinh (xem muc 5 [19]).

Viéc phan tich chat lugng cia qua trinh diéu khién & hé phi tuyén
cé khd khan hon so vdi hé tuyén tinh. Mat khdc hé phi tuyén lai cd
nhiéu khd nang d€ dat duge chit lugng cao hon nhu cd thé dat duge
ché do tdi vu tdc dong nhanh, ede qud trinh diéu khi€n t6i vu khac v.v..

Cang nhu 8 hé tuyén tinh, phuong phdap phan tich chat lugng hé
diéu khién ty déng phi tuyén tinh c6 thé duge chia lam hai loai, phuong
phap truc tig€p va phuong phap gian ti€p. Phuong phap truc tiép co sd
trén qud trinh dugc nghién citu. Phuong phap gidn tidp ecd sd trén nhitng
chi titu danh gid gian tiép lién quan tdi qud trinh. Do cong nghé may
tinh phat trién nhanh chéng, viéce st dung cdc phuong phdp truc tiép
ngay cang chiém uu th& vi né nhanh chdéng va chinh xac

Thanh coéng trong xay dung cac phuong phap phan tich chat lugng
hé phi tuyén gin lién v6i tén tudi cdc tde gid nhu Popov E. P, Paltov
I. P, Ya. Z. Naymov B. N., Bachkirov D. A. Bacharin A. V. e¢ing nhu
Bokcep, Taler va nhing ngudi khac.

6.1. CAC PHUONG PHAP SAI PHAN PE XAY DUNG
QUA TRINH QUA PO TRONG HE PHI TUYEN

N&i dung co ban eda phuong phap sai phan la thay th& phuong trinh
vi phan phi tuyén tinh bing phuong trinh sai phan ma ban thin nd la
nhitng phép tinh lap, xac dinh qud trinh mot cich tuin ty, ting diém.
Phuong phdp tinh nay duge thue hién trén mady tinh, nhidt la véi nhitng
chuong trinh mau. Dang don gian nhit la phuong phip Euler.
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6.1.1. PHUONG PHAP EULER

Vi du vdi phudng trinh vi phén :
dx

4 = X = f® (6-1)

¢¢ hai phuong phap FEuler dé xdp xi dao ham trén : phuong phip Euler
hién va phuong phip Euler &n.
6.1.1.1. Phuong phip Euler hién

Né&u dung phuong phap x4p xi sai phan tién d6i véi dac ham & (6-1)

ta cd :
dx  x(k +1) —x(k)
dt — t(k + 1) — t(k)

(6-2)

v6i k md tAd budc gian doan thd k cGa tich phan.

Gia thigt f(x) duge danh gid tai x(k) vd ham iy 1a f(x{k)). Vay (6-1) va

(6-2) o6 thé duge viét dusi dang :
xk+1) —x(ky
t(k + 1) - t(k)

f(x(k)) , (6-3)

Thong thutng gia s6 cia thdi gian 1a At =t(k+ 1) -t(k) va (6-3) cd
dang :

x(k + 1) — x(k)
= = f(x(k)). (6-4)
Phuang trinh Euler hign la :
x(k+ 1) = x(k) + Atf{x(k)) (6-5)

Co thé xem (6-5) la du bdo cia x tai k+ 1 dya trén dai lugng x
tai k va d6 nghiéng tai k
nhu & hinh 6.1.

Phuong trinh (6-5) 1a xCher)
phuong trinh Euler hién cho . -
higng £k
trudng hop don bién. Trong x (k) e nghieng k)
truténg hgp da bién
x(k+1) = x(k) + Atf(x(k)) * =
k ket
(6-6) ¢
véli x(k) la vecto bién trang
thdi tai budc k, con fix(k)) Hinh 6.1
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la vectd ham tai bude k. Cac phuong trinh (6-5) va (6-6) 1a hién vi bign
trang thdi tai busc k+ 1 la ham cia bién &y tai budc k. Phuong phap
nay rdt don gidn trong lap trinh nhung d€ tinh tean dude chinh xdc can
dung budc tinh bé nén it dugc ding trong thuc té&

6.1.1.2. .Phxmng phip Euler in

Phuong phap Euler 4n dung xip xi sai phan lui d6i v6i dao ham o
(6-1). Ham (hay vectd ham) duge xac dinh tai buéc k+1 thay vi k

k+ 1) — x(k \
X( A)t x(k) _ f(x(k + ). (6-7)

Do dé phuong trinh Euler an s6 la :
x(k+ 1) = x(k) + Atf(x(k+ 1)). (6-8)

Phuong trinh (6-8) la 4n vi dai luong x(k+1} cdn bigt d& tinh
x(k+ 1). Do dé6, ndi chung 1a phai dung dén cic phuong phap dai s§ phi
tuyén tinh nhu phuong phap Newton d€ giai. D& v6i hé tuyén tinh,
phuang trinh (6- 8) cd thé dua vé dang :

x(k + 1) = g(x(k)) :
6.1.1.3. Vin d¢ dn dinh cia hai phieong phip Euler
D€ so sdnh, dung phuong trinh mo6 ta hé

dx 1 .
E = -7 X = Ax = f{x). (6—9)

Nghigm giai tich cua phuong trinh trén Ia :
x(t) = x(Bye V7 = x(0ye’" | (6-10)

o phuong phdap Euler hién, ham fix) & budc k 1a .

, 1
f(x(k)) = - 7x(k) .
Bién trang thai & budc ti€p theo la :

x(k + 1) = x(k) + (— ‘3‘; x(k)) = (1 — %) x(k) . (6-11)

Duéi dang diéu kién dau :
At
x(k+ 1) = (1 —T)"”x(O) .
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At -
Diéu kién dé &n dinh la |1 - < | < 1. K& qua vin nhu vay néu

ditng cdch mé ta khac
x(k+1} = g(x(k)) = (1 -%E) x(k) .

Diéu kién 6n dinh 12 |g'| < 1, phuong trinh Euler hién s& 8n dinh

At
-1 « l—-?r < 1
va sé€ dac dong néu

At
-1 =< 1—'?7 < 0

Chi titu nay ddn dén diéu kién 6n dinh d6i v6i phuong phap Euler hién
la :
0 < At < 2t
trong khi nghiém sé dao ddong on dinh néu :
T < At < 27
va 6n dinh phi chu ky néu :
0 <« At < T

O phuong phdp Euler dn bam f(x) & bude k+1 la :
1
f(x(k +1)) = - Fxk+1)
va bién trang thai & buse k+1 1a :
At
x(k + 1) = x(k) + (—7 x(k + 1)) , (6-12)

O bai toan tuyén tinh khong cdn dung dén phuong trinh dai s6 phi
tuyén tinh d&i vdi (6 -12). Tit phuong trinh trén cd thé viét .

x(k + 1) = 5 x (6-13)
1+'E?
véi diéu kién ddu x{0) co thé vist :
k+1
xtk + 1) = - x(0) .
( ) 1+% 0



At '
Nghiém sé én dinh néu |1/(1 +T) |< 1. Néu dung cich mo ta
khac, ta co

x(k+1) = g(x(k)) = x(k) .

At
1+

va didu kién 6n dinh 1a | g| < 1.

Chi y ring phuong phdp Euler 4n 8n dinh v&i moi At (néu ddu cua
At 14 ding) va sé khong dao dong.

Vi du 6-1. V&i x(0) = 4, T = 5 At = 1, & bang 6-1 c6 két qua

cia nghiém chinh xic (6~10) d€ so sanh véi phuong phap FEuler hién (6-11)
va phuong phap Euler 4n (6-13).

Biang 6-1

t x chinh x&ec x Eular hién sai 88 x Euler &n aal a8

0 40000 4,000 40000

1 32748 32000 —-23% 33333 18%

2 26813 25600 —45% 27778 35%

3 21952 20480 -67% 23148 54%

4 17879 16384 —89% 19290 7.3%

5 14715 13107 —-109% 16075 9.2%

Két quid ¢ bang 6-1 duge mé td bang ba dudng cong nhu & hinh
6-2 (dudng 1 dng v6i Euler hién, dudng 2 dng vdi Euler &n).
Theo bi€u thic (6-11), nBu At = 7 thi x = 0 v8i moi thai digm.
Nghiém sé dao déng n&u At > 7.
O bang 6-2 cd két qua tinh todn cho trudng hop & vi du 6-1 véi
At = 6.
Bidng 62

t x chinh xde x Euler hidn X Eulnr &n
0 40000 4,0000 4.0000
5 12048 —0,8000 158182
12 03629 0,1600 08264
18 01093 -0.0320 03757
24 00328 60,0064 Q1708
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O hinh 6.3 cc cac
dudng cong cda ba tradng
hgp nhu & bang 6-2. Nhu
vay phuong phdap Euler 4n

c¢d dod chinh x4c cao, khong
dao déng va od thé dung vdi
bude tich phan At 1én. Cac
vi du 6-1 va 6-2 1A trudng
hop hé tuyén tinh. O vi du Hinh 6.2
tiép theo ding cho trudng

hop hé phi tuyén va phuong phdp Euler 4n ddi héi dang phuong phap
lap ¢ méi bude thai gian.

4 x
3k
2 -
2
! r
ot
/
-1 | n L L 1 ¢
5 10 15 20 25 20
Hinh 8.3
Vi du 6-2
Phuong trinh vi phan cta hé 6 dang :
dx
= —avx. (6-14)
Nghiém giai tich Ia :
x(t) = [Vx(0) - at/2] % (6-15)
Phuong phap Euler hién ¢ phudng trinh sau :
x(k+ 1) = x{(k) - AtaVx(k) . (6-16)
Phuong phdp Euler 4n cd phuong trinh :
x(k+ 1) = x(k) - Atayx(k+1) . (6-17)
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Khi hé 1a tuyén tinh nhu & vi du 6-1, phuong trinh da duge viet lai
dé tinh bién trang thai & budc tidp theo. O day khong thé lam nhu vay
duge. Dua (6 -17) vé dang :

x(k+1) + Atayx(k+1) - x(k) = 0. (6-18)

Ta thdy (6-18) doi héi phuong phap lap dé giai. O budc k + 1 phai
dung phuong phdp s6 d€ giai phuong trinh dai $6 phi tuyén tinh, cd thé
dung phuong phdp Newton dé giai. N&u dung y 1a dai lugng ciua x &
budc k+ 1 ma ta cén tim nghiém, phuong trinh (6- 18) bay giv c¢6 dang :

y—bﬁ—c:O (6_'19)

voi y = x(k+1) ; b = Ata ; ¢ = x(k). Dung phuong phiap Newton [2]
ta cd th& viét :

g(y (i)) = y(i) + byy() - c. (6-20)
v6i i 1a chi s6 chi budc lap thd i theo phuong phip Newton :
g(y)
yi+ ) = y) ———= (6-21)
g ()
b
t do Ay (i) = 1+ . (6-22)
one gy 2T
Ta cd thé vieét (6-20), (6-21) va (6~22) nhu sau :
NS 4 by — .
ya+1) = yi) - |22 YA Z WA | (g

b
yi + 5
Phuong trinh (6-23) s6 lap va héi tu.
Bang cach cong tich phan ¢ budc k+ 1, ¢ thé dung phuong phap
lap d& tim dai lugng x & bude k+1

Nhu vay (6-23) dugc giai bdng phuong phap lap dé€ tim x(k+1) &
bigu thic (6-18).

6.1.2. PHUONG PHAP RUNGE - KUTTA

Phuong phdap Runge -Kutta la phuong phip md réng cia Euler. Dao
ham cia buée k duge dung d€ du bao nghidm & buéc k+ 1. Phuong phap
Runge-Kutta ding phucng phap Euler d€ du bdo dai lugng x & nhitng
bude trung gian, sau d¢ dung trung binh ciia nhitng 46 nghiéng & cac
bude trung gian d& du bao chung k& ti ldc bat ddu cua budc thdi gian.
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6.1.2.1. Phwrong phip Runge — Kutta hic hai

Phuong phap nay con duge xem nhu la phuong phdp ding di€m giita
cua Kuler.

X(:éi'f)

&6 nghiéng ban ddu
(k) ____7/_”“_"_ f(rxfxf()
g6 ngficng giva

—

4 ?

~ K+t
le L+ 8L L.+ At

Hinh #.4

Phuong phap Euler trude hét ding dé du bio trang thai § At/2. BDao
ham duge xdc dinh ¢ diém giita va dugc ding dé du bdo x & cudi bude
At nhu & hinh 64. Ding m; dé mé tad dé nghiéng & di€m ban diu va
m, 12 do nghiéng (dx/dt) & diém giia :

m, = f(t(k) , x(k)), (6-24)
= f k+At 1;+At ' 6-25
m; = (t() 9 ,X() 9 ml)! (_*3)
x(k+ 1) = x(k) + myAt (6-26)
D6i v6i hé oténdm, cd thé loai trit t va ta ¢ hé phuong trinh tuong
ung
m = f((0) ; (6-27)
At _
m, = f(x(k)+—2— ml) ; (6-28)
At
hay my = f] x(k) + 5 f(x(k)) : (6-29)

Phuong trinh (6 -26) c6 thé dua vé dang :

At
x(k+ 1) = x(k) + Atf[r(x(k) +?f(x(k)) ] (6 -30)



hay x(k+1) = g(x(k)) ,

Can ndi rAng phuong phdp Runge -Kutta bac hai 1a chinh xac vdi
bac cia At% con phuong phdp Euler hién chi chinh xdc véi bic clha At.
Fi du 6-3 V6i vi du 6-1 hé (6-9) ding phuong phip Runge-Kutta.

Phuong trinh etia qua trinh bac moét :

dx 1

3 = = - (6-31)
m; = (x(k)) (—% x(k)) = —71 x(k) ; (6-32)
m, = ( (k) +—m|At) = _71[(;;(1() —g—;x(k))] . (6-33)
vii At = 1 ;T = 5 va x(0) = 4,0 ;
-1 -4
m; = ?X(O) =5
m, = %(1-1—10) x(0) = _?1(1—0,1) 4 = :—-3-55 :

Theo (6-30) : x (1) = x(0) + m,At
= 4,0 - 0,72 = 3,2800

So sanh vOi két quA cta phuong phap giai tich 4e”® = 32749 co
sai $6 la 0,16%. Phuong phdp Euler tit bang 6-1 cd sai s6 -2,3%. Cung
mét bude thé#i gian nhu nhau, phuong phdp Runge-Kutta chinh xdac hon
phuong phdp Fuler chuin.

6.1.2.2. Phweng phdp Runge — Kutta bdc bén

Phuong phdp Runge - Kutta bac b6én c¢6 dd chinh xdc cao hon phudng
phap Euler hién hay Runge - Kutta bic hai. N¢i dung 1a st dung dé
nghiéng ban dau {(m;} tac nén gid dinh thi® nhdt cho bién trang thai &
di€ém gida cta budc lay tich phan. Dung gidA dinh thd nhit d€ tim doé
nghiéng & diém gida (m,}. D6 nghiéng "hiéu chinh" cla di€m gita (my)
dugc xac dinh dua thec m, D& nghiéng cuéi cing (m,) duge xdc dinh
dua vao my Trong s6 trung binh cia cdc d6 nghiéng dugc ding d€ tinh
tich phan. Angdrit nhu sau :

m; = f(t(k),x(k)) ; (6-34)

1 1
m, = f(t(k) +5ot,x(k) +3 mlAt) ; (6-35)
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4

1
my = f(t(k) + 5 At, x(k) + %mzAt) ; (6-36)

m, f(t(k) + At , x(k) + m3At) ; (6-37)

m; m, m; my
= — =+ — 4+ — -
x(k+ 1) x(k) + 5 3t 3 G At (6-38)
O cusi chuong, muc 6.4 s dé cap dén cac chuong trinh su dung MAT-
LAB.

6.1.3. PHUONG PHAP DUNG O HE XUNG

Phuong phdp bién d8i phuong trinh vi phan phi tuyén thanh phucng
trinh sai phan phi tuyén ¢ thé dugc thuc hién bing cach thay thé he
diéu khién phi tuyén lién tuc bang hé xung. Hé phi tuyén xung duge mé
ta nhd ¢ hinh 6.5, khau phi tuyén v6i dac tinh Z(x) dat trudc phdn ti
xung ly tudng (XLT). Phdn lién tuc quy d8i ¢ ham truyén W, (s) tuang
ing v6i ham truyén gian doan :

Y*(S) _ bmemSt + l:im_le(m_l)SI + ... +b,

Wis)= —(/—~ = -
' Z7(s) ae™ +a,_ DL 4 a,
W*(S) yr
I e
XET o
X, X z z*
z(x) I W Cs) -,
Hinh B.%

Dung sai phén (theo II.7 [20]} tudng tng véi :
any[(l + n) TJ +an_1y[(l +n-1) T] +.o oty (T =

=b,z [(1 + m) T] + bm_]z[(l +m—- 1) T] +.. bgr) (6739

chuyén sang dang phudng trinh lap :



y[(+n) T) = ai {bmz[ (1+m) T} + ...+ byz(T) — (6-40)

—a,.y [(l+n-—1) T} —...—ay (T .
véi Z(T) = Z [x(iT)] = Z{xd(iT) -y (iT)} . (6 -41)

Cac biéu thuc (6-40) va (6-41) cho phép tinh ecdc tri rdi rac ela qua
trinh ¢ hé xung phi tuyén v&i tin hiéu vao bat ky x4 (0T) bat dau tu
1 = —n cling nhu 4 hé xung tuyén tinh. Khac nhau duy nhat la ¢
phuong trinh (6-40) ¢6 gquan hé phi tuyén tinh.

Phuong phap thd hai dé xdy dung qua trinh qua d¢ trong cic hé
phi tuyén xung la dung ham trong lugng cua phéan lién tuc quy doi w)(t).
-1
y(T) = X2 [xd(iT) —y(iT)] wi [ A=i) T] - (6-42)
i=0
Chuéi tri s6 roi rac y{(IT) duge tinh bat dau tt 1 = 1 vi w,(0) = 0
(khi m < n). Cing vgi ly do trén, cAn trén cta téng dugc ldy bang 1-1.
Néu khong ¢6 ham trong lugng wy(t), cd th€ tim nd bang cich xic dinh
dap ing cuda phén lién tue quy d6i véi tin hidu xung don vi hoac dua
vic ham truyén W' (s). Cac bi€u thic (6-40) .. (6-42) co th€ dugc dung
d€ lap trinh trén may tinh (v8i thdi gian tinh T bé).

- z¥
X ¥
d £ Z0x) z P‘L{.(s} ¥
g
a) =
z rz" b)
W )
5) ?1_ 1” LI f_ F===n
|
| -
L
| IS —

f .
A
L@ 2o -2 1 LT >

d)

Hinh &8.8
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Bay git ndi dén cac phuong phdp chuyén déi gdn ding hé lién tuc
sang hé xung. O hinh 6.6a c6 so dé khdi hé xung phi tuyén gém phén
ti phi tuyén va phén ti lién tuc. VOi tin hiéu vao x4 ¢ cic didp ung
z{t) va y(t} nhu & hinh 66b. Thay th& tin hiéu lién tuc & ddu ra cda
phdn td phi tuyén z (t) bang chubi xung c¢é chu ky, sao cho y{t) khéng
thay d6i. Dién tich méi xung bang tri s6 z(t) tai thdi didm xung &y tac
dong nhan véi chu ky T. Khi T bé, dién tich cia cac xung dét bién gin
nhu bang dién tich cac xung ¢6 hinh dang bién d6i ma thai didm ldy
mAu da phan chia. O hinh 6.6¢c < gach doc mot dién tich & thoi diedm
lay mau (IT). T bé la diéu dé o6 tdc dong nhu nhau déi vGi phan tuyén
tinh ciua hé théng d6i véi xung thyc va xung dot bién sao cho y{t) hdu
nhu khéng thay d6i. T cAng bé, muc d6 xdp xi cang chinh x4c.

Thay thé& tin hiéu lién tyc bidng mot chudi xung tie thoi di diéu
bién tuong duong véi viée chuyén ti hé lién tyc sang hé xung (hinh 6.6d).

; 1
O sd d6 nay Z7(s) = T Z(s) , phan lién tue quy d6i ¢é ham truyén W (s)

= TW, (s), vay T dong vai tro ham truyén cua co cfiu dinh hinh, T cg
cung don vi vdi moi hang sd thdi gian trong hé D& xdc dinh W' () tuong
ing véi TW(s), c6 thé diung cac phuong phap da néu ¢ [20]. Sau dd, dé
tinh toan qua trinh qua do & hé xung phi tuyén ed thé dung mat trong
cac phuong phdp néu trén.

Vi du 6-4 Xac dinh ham truyén W' (s) va phuong trinh lap cia y(t) ma
phin tuyén tinh lién tuc cd dang : '

k

Wits) = i rery
Thec bang 2-2 [20] ta ed :

kT(1 — e “T1yeT

w [(S) = (esT - 1) ( esT — e_T/Tl )

kT (1 - Ty ) = (6-43)

el — (1 +e” VT ) T 407 Ty

hay theo bién déi z :
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KT(1-e” 1y ) z
(2= 1) (2~ e‘T”‘H)
kT(l —e T/rl) z
z% — (1 + e_'I}Tl) z+e VT

Phuong trinh sai phan tuong dng cé dang :

Wiz) =

y [(1+2)T] - (1+e_‘"1‘1) y [(]+1)T] +e Ty(T) =

= kT(l—e_T”]'l) zi:(}+1)T] .
Ta do :

(6-44)

y [(1+2)T:| = kT(l~e_PT‘) Z [(l+1)T} + (1 +e_W1) x
Y[(l+ 1) T] —e_Pl-]y(lT) ; (6-45)

z[(1+1)TJ =z{xd[(]+1)T} —y[(1+1)T] . (6-46)
Ham trong lugng cta phdn lién tuc quy d6i cé thé cd ducge dudi

dang cdc tri roi rac cta dap dng phan tuyén tinh TW(s) d6i véi tac dong
xung don vi. Tuong tu nhu (6 -43), ta xac dinh duge :

wi(IT) = KT (1~ e_mrl) : (6-47)
Dat (6-47) vao (6-42) :
-1
yaT) = X [Xd(iT) *Y(iT)] KT [1-e” =T ] 69

Viéc thay thé& tin hiéu thuc z(t) bing mot chudi xung tdc théi la hop
Iy néu bac ciia mAu s§ ham truyén W (s) lon hon bac cda t s6 it nhat
la 2. Trong trudong hop nguge lai miu va td s6 chia Wt'(s) bang nhau
{m = n). Didu d6 cd nghia la v&€ phai cia (6-40) tin hiéu z va y cd
ciing thoi di€m va bi€u thdc lap bién thanh phudng trinh phi tuyén tinh.

Trong trudng hgp &y, bi€u thic (6-42) ciing tré nén phic tap vi
wi{0) # 0 khi m = n.

Thay vi ding xung tde thdi khi thay th& tin hiéu lién tue, cd thé
diung xung cd hinh dang phiic tap d€ bido dam d6 chinh xdc ctia phuong
phip x&p xi. O hinh 6.7a 6 trutng hop xung tidc thdi duge thay thég
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bang xung bac thang (phan t& liy miu va xung duy trl bac khong -
ZOH) va khau dinh hinh ¢6 ham truyén :

1—e" %
Wan(s) =
Hﬁﬂﬁ)
| i -
d) { |__.:_
1
L1
Xy x z z* |- e -
zix) 1 —— W(s) v
5)
Hinh &.7
Nhu vay phdn lién tue quy d6i cda hé xung :
_ e—sT
Wils) = ——— Ws) . (6-49)

Vi du 65 Xac dinh ham truyén W’ (s) va phuong trinh lap cha y(t) & vi
du 6~4 v6i phuong phdp x4p xi dang bac thang.

Phan lién tuc quy dé&i :

W o Lo k (6-50)
W) = T STy
Ham truyén W' (s) dude xic dinh :
“TT o -or i
[T—Tl(l—e 1)}eSI+Tl<1—e ‘)—Te !
Wis)=k .
. - T - Trr
e2“]—(1+e Il)e“T+2e !
{6-51)

hay theo bién déi z :
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[T—Tl(l—e_'DTlﬂz+T1(1—e-T/r1)—Te_pl‘l
Wiz} =k e — ;
zz—('1+e 'l)z+29 L
Tt d6
y[(1+2)T]=k[T—T1(1--e"'IT1)]z[(l+1)T}+
+k[T1(1—e—'u,I-l) _Te-_Tfrl]z(lT)+ (6-52)

oy — I
(1+e [I)y[(l+1)T]-—e 'y .
2 (iT) xdc dinh t (6-41),

X1
s T
I - 1
’ _l_;. - A ?
PRy
. _..J L y" : J
a) lL —
ﬂ_fb\f; ’_4};’;'1;_3‘”. %
b) |
Hinh 6.8

Bay gi# hday so sanh phuong phdap chuyén déi tit phuong trinh vi
phan sang phuong trinh sai phan phi tuyén tinh cia Euler véi phucng
phap thay th& gidn ding hé lién tuc bang he xung. Dang chudn cha
phuong trinh chuyén doéng cia hé theo Euler (2-3) :

d.Yi -
& - f 0yoyey oyn, t) i = 1,0 - 6~-53)
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tuong Ung voi so 48 cfu tric gém cdc khau tich phan ndi v6i khau phi
tuyén nhiéu d4u vao, lién hé chéo va tin hidu vac nhu & hinh 6.8a.
Dang lap eda (6-53) 1a
yil:(l+ l)T] = yi(lT)+fi[y1(lT) ¥, (T), .. ,yn(lT)] T. (6-54)
voi T dugc thay thé cho At.
Bigu thic (6-54) tuong dng vdi khau phin t¥ xung va co ciu dinh
hinh dudc mAc thém vac hé nhu & hinh 6.8b.

Nhu vay, phuong phdp Euler dude xem nhu t8ng quit hda cta
phuong phdp dugc khao sit ¢ vi du 6-4, cho truong hop cd cdu tric phuc
tap hon.

Vi du 6—-6 Vé dac tinh qua do cho hé tly dong role nhu & hinh 6.9a
vdi phédn tuyén tinh :

k

W = Ty

voi k = 4 sec’, Ty = 1 sec. Dac tinh phi tuyén nhu & hinh 69b. Tin
hiéu vao ¢ dang x; = 10.1(t). Khi tinh toan ding ci hai dang xung
(tdc thoi va chit nhat) d€ so shnh.

Dé xdc dinh bi€u thdc lap dimg két qua & vi du 6-4 va vi du 6-5.
Ding T = 01T, = 0,1 sec, d6i vdi hé cd xung tuc thoi, theo (6-45) va
(6 -46) ta co :

y [(l+2)T} =0,03808z[(]+ l}T} +

( 6-55)
+ 1,9048y[(l +1) T} — 0,9048y (IT) ,

QA+ DT =2z 1+ HT] —y[(1+ 1 T]) =
laror=sufarnt] Slasorp=

=z{10.10[(1+1)T]—y[(1+1)Tﬂ.
D6i véi hé ec xung chit nhat vé6i T = 0,1 sec, tit (6-52) ta cd :
y [(1+2)TJ =0,0192 z [(1+ l)T] + 0,01888 z (IT) +

(6 -57)
+ 1,9048 y [(1 +1) T] — 0,9048 y (1T
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ma z (iT) = z [xd(iT) - y(iT)] =z [10 1GT) - y(iT)] , (6 -58)
G =1 1+ 1)

St

1o

\ A

won 72
} !, sec

Hinh 6.9

O hinh 69c 6 céc dac tinh qua do (doan ddu tuong tng vdi he
khdi dong, khéng dude mé td) thuc hién trén mdy tinh. Dudng ddam nét
la dac tinh chinh xdc cd cung diéu kién, dudng nét nhat la dac tinh qua
d6 vai xung tuic thdi con dudng nét dit la voi xung chit nhat. Dic tinh
vOi xung tdc thoi, vugt trude cae dac tinh khac vi chudi xung tdc thai
(hinh 6.6c) tac dong ngay khi xuft hién xung thuc z(t). Dé giam sai léch

. .1
gitta ching, ta dich chuyén ham qua d6 nay bang dé tré §T, Qua trinh
vai xung chil nhat va qud trinh chinh xdc trung nhau trong ving 95 <
y € 10,5

Su gia tang sai léch theo thoi gian gifta qua trinh thuc va tinh toan
theo thoi gian xdc minh cho sai sd tich ldy, ddc trung cho cac phuung
phap sai phan. D€ tang do chinh xdc cdn gidm thdi gian ldy miu T. Viée
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chon chu ky lugng td hda thich hop xem & [20). D& cho cdc so dé khdi
¢ hinh 6.6a va 6.6d tuong duong nhau, cdn chu y dén dinh ly Kachenicov
(I1.6, [20] :

wc+wclsw0=

2
T (6-59)
vO0i w, la tdn s6 gigi han phd z(jw) cia tin hidu lien tuc z(t) va o, 1a
giéi han dai théng tan cia dac tinh tdn phén lién tuc quy d6i W (jw).

Dé khdi phai phan tich phd cia z{(t} {ndi chung 1]a bai toan phuc
tap) vA x4y dung dac tinh tdn W (w), ¢d thé diung phuong phip sau :
Xay dung cdc qua trinh véi chu ky lugng tit hda T bé han gdp nhiéu
lan (vi du 10 )in) hang s6 thai gian 16n nhat trong he. Sau dé xay dung
lai ede qud trinh voi T bing moét nita gid tri ban ddu. N&u cic qua trinh
dy gin giéng nhau thi viéc chon T 1a ding.

6.2. DPANH GIA ANH HUONG CUA TINH CHAT PHI
TUYEN POI VOI QUA TRINH QUA DO CUA HE

o) chuong nay sé khao sit phuong phap xdc dinh ude lugng gisi han
trén cua chénh léch giita qud trinh qua d¢ & hé phi tuyén vd & hé tuyén
tinh tuong duong. Phuong phdp nay cd thé ap dung cho hé lién tuc cing
nhu hé xung. So d6 khéi duge dung d€ khao sat nhu & hinh 6.10a la
dang tuong d6i téng quat. Khau phi tuyén Z{y) dugc méc giita hai khau
tuyén tinh W,(s) va Wy(s), con tin hiéu ra khong phai dudc truc tiép so
sanh v4i tin hiéu dat x; ma thong qua khau Wi(s). Dac tinh phi tuyén
d hinh 6.10b ducc thay thé bing hai khau néi song song : khau tuyén
tinh z(y) = kg (hinh 6.10b) va khau phi tuyén voi dac tinh 13 sai léch
za(y) = z(y) - ky (hinh 6.10c). Saj léch cuc dai (theo tri s& tuyét déi)
12 zyn. Déac tinh tuyén tinh duge chon sao cho sai léch cyc dai z, ..
la nhé nhat.

O hinh 6.11a ed so d6 néi song song hai khiu ndi trén va hinh 6.11,
b 12 mdt phdn chia hé ma lién hé phi~tuyén gilta y va z, di cat dut,
nhu thé c6 nghia 1a sau dd sé khong quan tam dén dic tinh thuc cua
tin hiéu z,(t} bién d6i theo thoi gian, va xem nhu tin hidu Ay vé tri s6
tuyét d6i luon nho hon z,, ..

Nhu vay cd thé dua sd d6 ¢ hinh 6.11a vé dang tuong duong nhu
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d hinh 6.1lc. D6 13 hé tuyén tinh ma ngoai tin hiéu vao x,(t) con cd
tin hiéu phu 8, (t) phan anh anh hudng cia khau phi tuyén z(y) dén qua
trinh doéng hoc cia hé. Anh hudng 4y duge dianh gid bing thanh phan
Sa (t) cta tin hiéu ra do tdc dong cda tin hiéu phu z, (t), dua vao nguyén
ly x6p chéng. Danh gid ddy du thanh phan nay la khong thé duce vi
tinh chat bién d6i cia S8, (t) 1a khong biét, nhung ¢ thé danh gia nd
theo dai Iugng tuyét déi vi nd 1A dip dng cda tin hidu vio duge gigi han
theo dai luong tuvét déi. Dd 13 bai toan tich ldiy cia Bulgakov B. V.

As P v I z s
T W) T 20y) W (s)

o) Wy (s) j
]

Zﬂ—’ﬂﬂx

B S

b) ¢)

Hinh 8&.10

Cho rang x; = 0 (nguyén ly x&p chéng) va hé cd diéu kién diu bang
0. Cing cho rang hé tuydn tinh 6n dinh thi 4nh cua tin hiéu ra c¢é dang :

Sale) = Wial®) Za(s) (6-60)
61 I 66
Vil Wm(s} = 1+7W((s) y ( 1)

W) = kW, (s) Wyis) Wy(s). (6-62)

Theo (6 -60) cé thé xdc dinh ham gbc theo dinh ly cudn :
1
sa(t) = [ wga(®) zat - D) dT . (6-63)
8]
trong dd wga(® la ham trong luong hay ham gbc cia Wial(s).
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¥ g ¥ z

izw) % oo
a) a b)

R *‘g‘l—a
ﬁ?}-—ﬁ' Ws) ke > W ¢s) —T—>s

bN.(

l : — W(s) t

c)

Hinh 6.11
L4y tri tuyét d6i cia (6-63) & cd hai vé ta co bat ding thde :

=

1
lsa® | = | [ wea® 2t — 1) e

t (6-64)

<[ |wa®@ | - 124t =0 [T € 2pf | wia@|dr .

Thay th€ ham trong lugng wy,(T) bing dao ham clia ham quid do
hgalt) a0 (6-64) :
t 1

dhya(7)
Z Amax _[ ‘ WKA{T) | dr = zAmaxJ. =

dz

dr . (6 —65)

Né&u khéng e6 ddu tri s6 tuyst d6i dudi tich phan thi & mdi thoi
difm nd bang hga(t). Do dé (6-65) cin duge tich ra ting doan cd ddu
khéng d8i cia dao ham (v — 0 ; hinh 6.12a) :

[
Y| dhya(® ¥ dhy (D) ! dhga(7)
J' = dr — f dr +
dr dr
o o
"2 dh
kal(D
+‘[ d‘f dr""—_— ho_(h1_h())+ (hz_h])_

3|

Trong trudng hgp chung, tich phan (6-65) dudgc mé t4 béi hiéu nhing
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cuc tri canh nhau cua hm'(t) :

dhya(7)
dr

1

L]

|hy —h; | + ...+ |heatt) ~h | . .
voi h. |4 cuc tri cudi cia ham qua do & thdi difm khao sat t.
Nhu vdy & moi thdi di€m t, anh hudng cta tinh phi tuyén khong
virgt qud tri tuyét déi cha udc lugng
5(t):ZAmax[ |ho| + [hy—hy| + [hy—hy| +
+ .+ |hKA(t)—hr|:|

D6 thi c¢da (6-67) nhu 4 hinh_ 6.12b. D6 thi tidng din mot cich don
diéu ; diéu dd cd nghia 14 anh hudng phi tuyén tinh cd thé duocc tich
lay theo thdi gian va tién dén gisi han 6, 1a uée lugng giéi han trén &

bat ky thoi diém nao :

=~

dr= |hy| + |hy —hy| +

Jco = ZAITIHJ(_E [ Ih()‘ + |hi_hi—1|] '

i=1

Do d¢ bhai toan mang tén la
bai toan tich liy. Uée lugng 4,
c6 th€ xdc dinh theo dé thi cua
ham qua dé hya(t) nhu & hinh
6.12a) bang cach cdong tri tuyét
déi caa cdc hiéu cuc tri. Trong
moét sd trudng hop ude lugng duge
thé hién théng qua théng sé cla
hé dusi dang khép kin.

Phuong phdp néu trén cho
phép danh gia sai léch giua qua
trinh dong hoc ctia hé phi tuyén
va hé tuyén tinh hoa biang cach
thay thé dac tinh phi tuyén bang
dac tinh tuyén tinh. Néu sai léch
bé thi cd thé dung cic phuong
phap tuyén tinh d€ khac =it hé
da duge tuyén tinh hda.
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Ubc luong xac dinh theo (6-67), (6-68) 1a bé trong trudng hop z,,,,
hé, nghia 1a dac tinh phi tuyén khéng khac ¢dc tinh tuyén tinh. D¢ la
cde dic tinh ki€u khe hd, ti du, bién ap cd diy quédn hay cac bé bién
déi tuong ty (hinh 1.9, 1.11, 1.13). Tri 86 cta téng & (6-67), (6-68) phu
thuéc vao lugng qua didu chinh vA mic d§ dao déng clia heé.

Vi du 67 Danh gia anh hudng cia khe hé¢ ¢ qua trinh qua do cda hé
tiy dong nhu & hinh 6.13a. O hinh 6.13b ¢ so d6 tuong dudng sau
khi thay thé khau phi tuyén bidng khau khué&ch dai k; = 1 véi tin hiéu
Zpn = ¥, theo dac tinh phi tuyén z(y). Ham truyén dat theo (6-61) va
(6 —62) c6 dang :

1 s(1 + sT,)
WKA(S)=1 N k = s(1+sT)+k =
s(1 + sT,)
. ! (6-69)
1 + l + E 2
kS k. 3
Ham qua d6 theo (2-52) [19] e¢d dang :
1
herty=e Mlgos Yot 2y L o NTLZ 2 96 70)
Katt) = [ 2T, AT =T AT }
45°
V)

.s(7+s7;)

5)

Hinh 8.13

O hinh 6.14a cd dac tinh qua d¢ cia hgalt) vé6i k = 14,14 sec?,
T, = 0,1 sec. O hinh 6.14b ¢6 ham qua d6 cla hé tuy dong o6 thong
s6 trén vdi tin hiéu vao bdc thang x; = 5 va diéu kién ddu bang . khe
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hé 2y, = 0,5. Duong 1 6 hinh 6.14b la dac tinh xdp xi va duong 2 la
ham qud d6 hé thuc (chinh xac). O hinh 6.14c c6 chénh léch cia dudng
2 va 1 (nghia 1a z,(t) va u6c lugng &(t) va -6 (t) duge xay dung theo
6.14a voi Zy, = y, = 0,25.

a
Nhu vay &(t) & vi du nay cho phép ddanh gia chinh xdc duge chénh
léech cuc dai theo tri tuyét d6i do phan ti phi tuyén tao nén.

Dai lugng 6, co thé dugc xac dinh & vi du nay dudi dang khép kin.
bé6i v6i ham qua do (6-70), cac thoi diém cé cuc tri t;, t;, t3,... tuong
27T, 4nT, 67T,

V 4kT; -1 ' 4kT, — 1 '\[4kT, - 1
qua do bang 1, cdc cuc tri la :

ung véi

- Tri s6 ban ddu cta ham

- AT 21
h, = e 22Ty _ exp | — —— | ;
/
-1t 3
hy =-e ﬂTl—ﬁexp |————
{ V4T, -1
th z
10 T I
} 6 {——
061} - HEAAY SRS
1 . 5 f . T
as ; L [
04 3-; 2
B i
b2y An
O \o2a4/ 7510 700721 14 ;
-02 LA 1] _#q A ]
Y111 11T -
) 7 set 0 47 04 06 G8 10 1z 14 16 ;‘5
a 5) . sec
z,8, -6
o618 4=
0"/’ fl \ S
ey 2y
' Al L]
‘a\,;w'/ 041\0608] 10 [ 12 18 5T
_azl/ Lold | t, sec
N
M,
-04 \\- .
-as - 1 T
c) Hinh 6.14
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Médun cua ching tao nén chudi cdp 6 nhan giam didn v6i thanh

phan dau tién 1a 1 vA miu s6 la exp (—- —Zn—f)
-

Uéc Iigng cuc tai &, tuong vng véi (6-68) :
8o = zm[hw(hu-hl)+(h2—hl)+(hz-h3)+..-] ~

=}

= 2z, .. 2 |h}] . (6-71)
=0

Ube lugng cyc dai duge tinh theo t8ng cdc thanh phan cta cdp s6:

8w = 2250 (6-72)

voi k = 14,14 sec’) T, = 0,1 sec, zpyp, = 0,25 ta cd

O, = 0,67 = 268 y,
c6 nghia 134 anh hudng tuong d6i cia khe hd duge xsc dinh bai hé s6
2,68 1a khong lén 1am.

Phuong phdp danh gid nay cho phép cho mot s6 két luan vé& tinh
chit cia hé phi tuyén o6ténom (khong ed tdc dong ti ngodi) véi diac tinh
gdn nhu tuyén tinh. N6u hé tuyén tinh tuong dng la 6n dinh, diéu dg
co nghia 12 & hé phi tuyén khéng cd qua trinh phan ky. Néu trong heé
¢6 tu dao déng thi bién do khéng vugt qud &,.

Bay git hay khao sat hé xung phi tuyén nhu & hinh 6.15a. O day
khau phi tuyén ding ngay sau co cdu so sianh vA truée phdn tu xung.
Nhitng trdéng hgp khiac nén dung phép bién déi dé dua vé so d6 khsi
nhu trén d& thuan tién hon trong phédn tich khdo sdt hé. Sau khi thay
khiu phi tuyén bang hé s6 tuyén tinh hda k; va tin hidu nhidu z,, ta
cé sd d6 khéi nhu & hinh 6.15b. Danh gia anh hudng cia tin hiéu phu
(tic &nh hudng phi tuyén tinh) duge thue hign theo s¢ d6 tuong duong
(hinh 6.15c) ma x; = 0, phin t¥ xung ly tudng duge dua dén dau vao
va & mach hdi ti€p, ngoai ra cd phan td xung hiéu dung (dudng nét dit)

d mach dau ra,

Ham truyén hé xung tuyén tinh kin (hinh 6.15d) :
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A z(x) W, (s) >
\ | S—
al
ZA y
X X
— - Rrate >
b)
/ WL*{S) {_1_3 n !f*
L]
z* L/
Z, a
T l 9@% H{t(s) Af I
) kfﬁ*(s)
Vs
Al
-I\\ hoee ’E’z fJ___
a) il inan
LT LT T
Hinh B.15
. W) _
Via® = e (6-73)

Ham trong lugng tudng ung wialt) duge xae dinh theo mot trong
cdc phuong phdp dia néu ¢ (IL5[20]). Di cd ham trong luoag wia(lt), tin
hiéu ra céa hé (hinh 6.15d) v6i diéu kién ddu bang O trén co s nguyén
ly xép chéng :

1

ya(1T) = 2 wya(iT) zA[(1~ i)T] ‘
=1

Udc lugng cha tin hiéu ra theo gid tri tuyét déi & dang chudi bit
dang thuc :
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|ya(1T)| = | Om(iT)zA[(l*i)T] <
< 2 |wya(iT) ZA[(l— i)TH (6-175)
i=0
1
< zamg wm(iT)] = &(1T)

Bigu thic cusi ciung tuong tu voi (6 -64) di vai hé lién tue vi ring :
1
2 wia(T) = hga(IT)

i=1
nén, nhu trudng hop hé lién tuc, uéc lugng S(IT) ¢d thé ducc thé hién
qua cdc tri ctia ham qua do hé kin (hinh 6.15d)
5(lt)=zmmx[ |ho | + [hy=hy| + |hy —hy|

+ ...+ |hga(T) — b, | ] (6-76)

h, 1a cyc tri cudi cung d thdi gian ldy mau IT.

Cho 1 — « ta ¢6 udc lugng gidi han trén vsi moi thoi diém
=3

5mzzﬁmz[lh0|+]hi_hi—l|1 : (6=77)
i=1
Udc lugng nay dé dang cd duge theo d6 thi ctia ham qua do he kin
(hinh 6.15¢c), mat khac c6 thé xac dinh h; theo mét trong nhitng phuong
phdp dd néu ¢ (III, [20]).
Cac chd thich khi dung phuong phdp uéc lugng cho hé phi tuyén voi

tin hiéu vao lién tuc déu dung d6i v6i hé xung phi tuyén.

Vi du 6—-8 Hay danh gia anh huéng cia lugng td hda theo mic dd6i voi
quéd trinh qua d6 cla hé tiy dong s6 (hinh 6.16a). Phan lién tuc la mot
khau tich phan, cdn dang xung la chit nhat ¢d hé s6 lap day y = 1.

Ham truyén cua phén lién tuc quy d8i :

1—e T i
Wils) = ——— —,

5 3

cd dang gidn doan :
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Dic tinh phi tuyén dac trung cho co cdu bién déi AD & may tinh
86 ¢6 dang bac thang nhu & hinh 6.16b. Do d6 lugng td hda theo mic
¢6 thé xem nhu téng ciia dac tinh tuyén tinh y va phdn dac tinh phi
tuyén co giéi han y, (hinh 6.16¢) :

Ys = ¥ t ¥a

. v,

O so d6 tuong duong (hinh 6.16d) khau phi tuyén da dugc

thay th€ bdi khau khuéch dai k; = 1 va nhifu lugng ti hda y,(t) vai
Yamax = 0,5y, Ham truyén d&i vdi nhifu dau vao :
W (s) kT

- Wia®) = - Wkls) = -1 We - Foiswm &

Ham trong lugng wi,(IT) = —w(It) dugc xac dinh theo phuong (IIL
{20]). Phuong trinh dac trung cliia hé ¢d mot nghiém xdc dinh bdi phuong
trinh :

T = 1 - kT (6-80)
Cho nén : wia(T) =—[kT(1 —kT)“‘] : (6-81)
Tri s6¢ tuyét déi cla wy,(lt) tao nén chubi cdp s6 v4i | = 1, 2, 3

. la
kKT , kT|1-KkT| , kT|1-kT|*,...
Téng clia chung 1A :

kT

Voi yamax = 0,5y,, KT = 1,5 (tri s6 kT < 2 rat ra tit diéu kién 6n
dinh cta h8), ta cd J, = 1,5y, O hé thue, gid tri luong td y, rit bé
nén anh hudng cda lugng td hda theo mdc d&i véi qud trinh déng hoc
la khong dang k&.

6.3. PANH GIA MUC PO TAC PONG NHANH CUA HRE
PHI TUYEN BANG CHI TIEU ON PINH TUYET DOI

Vdn dé 6n dinh & hé phi tuyén duge danh gia bing su chuyén déi
tt mét trang thdi ban ddu ndo dd dé&n trang thai can bang hay ché& dd
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cudng bic On dinh. D6i voi hé tuyén tinh, didnh gia 4y la chinh xdc. O
he phi tuyén chi c6 thé xdc dinh duge giéi han cua cac ude lugng.

Uée lugng vé milc do tdc déng nhanh hay mite dé on dink cia hé
phi tuyén 14 khong kém hon mot dai lugng cho trude A, :
lim7 (t) o = 0, (6-83)
[I—x
7 la chénh léch giita qua trinh khong bi kich thich va bi kich thich hay
gilta trang thai ban ddu va trang thai can bang hoac mét ché do cudng

bic 6n dinh nao d6. Bifu thic (6-83) cd nghia la y(t) theo thdi gian gidm

nhanh hon him mia e o

Nhan v6i ham gdc mot dai lugng elot g nghia 1a chuy&én dich toan

td s 0 dnh cia né mot dai lugng -1, cho nén viéc tim didu kién &n
dinh tuyét d6i c¢6 mic d6 Sn dinh A, thuc chat la diung dac tinh tin
chuyén dich W (jo — 1) thay vi W,(jo) cia phsn tuyén tinh. Néu noi dén
vi trl cAn bang thi diéu kién di dé€ cho hé md tid & hinh 5.9a xy = O
cd mdic d6 6n dinh A, & théa man bit ding thic :

1
Re(l + jaw)Wiw - i) + - > 0. (6—84)

Néu dung dac tinh tdn dich chuyén bién dang -
Wio— A = Plo — i) + joQfe - 4. (6-85)

thi ta cd tiéu chudn tic déng nhanh dang duvng théng : Hé phi tuyén
c6 phan tuyén tinh én dinh va dac tinh phi tuyén nim trong géc [0, k]
e d6 tac dong nhanh khong kém hon 1, néu dac tinh tdn dich chuyén
bién dang W, (w — A, khong cit duong thing (q, k).

Tién chudn tic dong nhanh dang parabén

Hé phi tuyén cd phdn tuyén tinh trung tinh hay khéng dn dinh va
dac tinh phi tuyén ndm trong géc [r, k] od d6 tac dong nhanh khéong
kém hon Ay néu dac tinh tdn dich chuyén bién dang W,(jo — i, khong
cat parabon (q, k, 1).

Nhu vdy khao sdt do tac déng nhanh cta hé phi tuyén din dén viéc
dang tiéu chuin dn dinh tuyét déi cla trang thai can bing ma dac tinh
tdn bién dang dude thay thé bing dac tinh tdn dich chuyén bién dang. -
Luu ¥ rang dic tinh phi tuyén z(x) ndm trong gdc [r, k], nghia la hé s6
tuyén tinh hoa tinh :
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2(x)
X

Kx) =

nam trong mién [r, k].

Néu dudng théng (g, k) hay parabén (g, k, 1) duge vé& sao cho tiép
xtic v6i dac tinh tdn dich chuy&n bieén dang W,(jo - A, tai di€m cit voi
true thue va Wt(jw — A3) ndm & bén phai thi d6 tac dong nhanh va bién
gigi 6n dinh cia hé phi tuyén da bién doi va trung vdi hé tuyén tinh
hoa, nghia 1a hé phi tuyén cd do tac déng nhanh A, nhu & hé tuyén tinh
hoa.

Nhu vay do tac dong nhanh chda hé phi tuyén khoéng vugt qua do

tdc dong nhanh cuc dai cia hé tuy&n tinh hoa.

D€ xdc dinh mudc do6 én dinh cia mot hé phi tuyén nao dd can zay
dung he dac tinh W (jw - i) v8i nhitng gid tri 1, khic nhau. mic do on
dinh duge xdc dinh bdi dac tinh cit tdt cA moi dudng théng hay parabén
khdc ngoai trii nd cd mdt hay vai di€m tidp xic. Bai todn cd thé duge
dat nguge lai : Xdc dinh cdc théng s6 cia hé bido dam mic d6 8n dinh
khéng kém hon tri s6 cho trudc.

Vi du 6-8 Hay xdc dinh ving cd mic 46 6n dinh khéng kém hon tri s8.
cho trudc trong mién thong s0 cta hé véi ham truyén :

k(1 + sTy)

W.(s) = —
(1 +sT,)

L

{6-86)

Piac tinh phi tuyén cd dang khe hé.

Sau khi v& dac tinh tuyén tinh- bi€én dang W (w), ta xac dinh duge
diéu kién 6n dinh tuyét d6i cia hé phi tuyfn ¢ dac tinh kidu khe hé
la

Rxa’-W[(j w) + 1] >0 . (6-87)
Nhu vay didu kién d8i vdi dac tinh dich chuyén la :
ReW,(jw - Ay} > -1. (6~-88)
Thay th& s = jo — A), v6i T, = 1 sec, ta xdc dinh phan thuc cua
(6-86) :
k[wz(:rr1 - The— 1) — Tﬁﬁ] + k[lﬁ(ﬂﬁ +1) =42 + T + 1]
ReW (jo — 4)) =
2 212
[ = 29"+ o] (6-89)
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Can bing khong dao ham cua (6-89) theo @, ta xdc dinh dugc wg

ma (6 -89 cuc tidu :

TAg — 315 + (6 — 8T)) 4, — 3 + 2T,

wn =

(6-90)

Thay (6-90} vao (6-89) sau dd vao (6-88) ta cd didu kién -

8y — P(1-T)

[Tl(2 ~ 1) - 1}2

kE <

(6-91)

O hinh 6.17b ¢d nhitng ving bao dam mic d6 6n dinh khdac nhau

voi nhitng tri s6 khdc nbau cua Ty

Dai v6i he phi tuyén cod dac tinh
phi tuy&n khong ding z(x, t} nhu 4
hinh 5.14 cd fiéu chudn tic dong nhanh
dang duang tron.

D¢ tac déng nhanh cua hé phi
tuyén cd phan ti phi .tuyé’n khéng dung
z(x, t) ndm trong gdc [r, k] véi moi t
sé khong nhd hon A; néu dac tinh tan
dich chuyén W(jw =~ A, khong cit
dudng tron (k, r) va bao vay ldy no

3 lan trong dé 1 1a s6 nghiém phai cia
phén lién tuc.

Vi du 69 V6i hé cd ham truyén phan
tuyén tinh :

1
(2s+ D (s+1) (0,55 + 1)

W,(s)

vd d0 tac dong nhanh i, = 0,5, Dac
tinh tdn dich chuyén sé Ia :
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1
jw (@ + 0,5) (0,5jw + 0,75)

Dac tinh tdn dich chuyén bién dang nhu & hinh 618 :

W(jw - 0,5) =

1 0375 - 0,507
-]
0,5w* + 1,25w° + 0,28 0,50* + 1,250° + 0,28

Wiw - 05) = —
Vé ti€p tuyén vdi W (jw - 0,5) xac dinh :

1
<k, = ——= = 152

Didu kién da d€ cd do 6n dinh cita quéd trinh trong hé phi tuyén

vdi dac tinh phi tuyén cé dao ham nam trong mién [r, k] la :

Wl(jw - j'i.’)) 1

+ = . -
T+ Wio -4y k-t > ° (6-52)
Khi téng hop co céu
hiéu chinh tuyé&n tinh
\ 177

theo didu kién (6 -84) va
(6 -92), ¢6 thé diung dac /
tinh tdn logarit.

266 Re
a8z

Phuong phap danh

gia chdt lugng cta qua

trinh ndi trén cd thé

Gt=0.5

”,}; (jw-05)

ding che hé xung phi
tuy&n. Didu kién du dé
danh gia mic d6 8n dinh
theo (5-48) va (5-49) cd
dang :

Hinh &.18

1
ReW'w — 4g) + 7 > 0 (6-93)

. 1
Re[l + q(l — e@w—lo) T)] W:Uw - AU) + E > 0. (6“94)

Tiéu chudn an dinh tuyét d6i tdn s6 ¢ thé duge diung d€ danh gia

chdt lugng hé diéu khi&n lién tuc vA xung theo chi tiéu chat lugng tich

phan [23].
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6.4. DUNG MAY TiNH DPE KHAO SAT CHAT LUONG
CAC HE DPIEU KHIEN TU DPONG

6.4.1, KHAI NIEM

D€ lam vi du, mé hinh ctha qua trinh lAim ngudi mot vat duge mod
td bang phuong trinh vi phan sau :

& Kix - s) 6-95
at. xSk (6-95)

vél x 1a nhiét 4o & théi di€m ¢, s la nhiét 46 cda méi trudng va K la
hing s8 am déi voi qua trinh lam ngudi. Nhiét d6 ban ddu cha vat la
Xy ¢ thoi di€ém t = 0. D6 la dang phuong trinh vi phan bac moét ma
dai lugng ban ddu duge cho trudc d6i voi bién x & thai di€m t = 0 nén
goi la bai todn voi dai luong ban dau .

Nghiém cua (6-95) o6 thé xic dinh dé dang theo phuong phdp giai
tich. Tuy nhién cd nhidu phuong trinh vi phan khéng thé dung phuong
phdp giai tich hay khong thé hién ro méi quan hé gita x va t. Trong
trudng hop dy phai dung d&n phuong phdp so.
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D& gidi phuong trinh vi phan dang théng thudng trén, ding cac ham
chuin cua MATLAB, ode 23 hay ode 45 (ordinary differential equation)
vl d6 chinh xac véi bac 2, 3 hay 4, 5).

Ding ode 23 chdng han d€ gidi phuong trinh vi phan (6-95) bit ddu
bing xdc dinh ham f501 theo MATLAB sau khi mé& M- file :

function xprime=f501 (t,x)

xprime= —-0.1" {x-10) ;
O vi dy pay diang :

K=-01;s=10; x, = 100

Ham trén xdc dinh v&€ phai cua phuong trinh (6-95). Ode 23 dbi hoi
ky tu 501 ; thdi gian bat ddu va két thuc cia t[ 0 va 60] & dang vects
hang; gid tri ban ddu cia x 1a 100 va dung sai tuong d&i 1a 05.

>> options=odeset ('RelTol’, 0.5) ;

>> [t x]=ode23 ('f500', [0 60], 100, options);
>> plotitx,”™");

>> xlabel ('thoi gian”); ylabel (‘gia tri x');
>> hold on;

>> plot(t,90%exp(-0.17t)+ 10,’0’);

>> hold off

0 hinh 6.19 c6 cic gia tri cia x theo t dng vdi (6-95) ndi trén. Diu
" dng vOi gid tri duge xac dinh theo ode 23 cdn diu "o ng voi cac

gia tri chinh xdc xdc dinh theo phuong phap giai tich.

6.4.2. PHUONG PHAP EULER

Vo6i phuong trinh vi phan dang :
dx/dt = f(t,x). (6-96)
Phuong phap xép xi d€ xdc dinh nghiém la phuong phap Euler dua
trén chudi Taylor vdi hai s6 hang ddu. Dang chudi Taylor sau day cd s§
hang thd ba 14 phidn du, néd md td t&t cd cdac s hang di loai ra khéi
chudi Taylor :
Xty + h) = x(ty) + L(tdh + x"(O)h%2. (6-97)
v6i 6 nim trong khoang (t, t;).
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V&i h bé co thé b6 qua s6 hang h* va thay t;, = t, + h & (6-97)
ta cd :

x = X, + hx'p .
O day, ddu " la dao ham theo thi gian va x’; = x'(t). Ndi chung,
cd thé viét :
X4 = X, + hx', n =201 2.
hay X1 = X, t+ hf(t, =) ; n =201, 2. (6-98)
D€ co tinh téng quat, At & (6-5) dugc thay th& bing h & (6-98).
O hinh 620 ¢6 mé ta hinh hoc phuong phap Euler.

T (6-97) thdy ring sai D
s8 do bd bst sd hang, nghia X f\k
£
la sai s6 cua mbi bude la Y/
.\ . . 7 Si o3 de
thanh phdn cia h° Ry e
w89 f‘.l'lﬂn_q Py \" .

Phuong phdp duge thye
hién don gian v8i ham
MATLAB feuler nhu sau :

Dung ham nay wvai
phuong trinh (6-95) v K=1,
§ = 20 ta ¢d dude hink 6.21
mé td anh hudng cia bude
tinh h d6i vdi dé chinh x4c
clla phép tinh.

Hinh e.20
Dudng cong chinh xac

x4c dinh theo phuong phap
giai tich 1a dudng dam nét trén hinh vé. D& nhan thdy ring, ddu phuong
phip Euler rdt gian don nhung muén cé dé chinh xic can thi€t thi buéc
tinh h cdAn phai rdt bé. Sai s & mdi budc tinh c6 thé dudge tich liy, cd
thé€ theo mot hudng nao dé khong dy bao trudc duge.

Function [tvals,xvals]=feuler(f ,tspan,startval,step)

% Phuong phip Euler dé giai phuong trinh vi phan

% bac mét dx/dt=f(t,x),

%o

% Goi: [tvalsxvals] =feuler{f,tspan,startval,step)

% Thoi didm bat ddu va két thic cla t:itspan=[start
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% finish],
% Gid tri ban ddu cilia x: startval va budc tinh: step.
% Ham f{(t,x} do ngudi ding zac diﬁh,
%
steps={tspan(2)-tspan(1))/step+ 1);
x=starval;, t=tspan(l};
xvals=startval; tvals=tspan(l);
fori=2:steps
x1=x+ steps’fevals(f,t,x); tl=t+ step;
% chon gia tri cho dau ra
tvals=[tvals,t1]; xvals=[xvalsxl];

t=tl; x=xl;
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6.4.3. VAN DE ON DINH

D€ bao dam cho sai s6 khong tich liy, phuong phap giai phuong
trinh vi phan phai dn dinh. O phuong phap Euler, sai s ¢ méi bude tinh
ting v6i bac h® sai s6 4y 1a sai s6 cuc bo do bé cac s6 hang bac cao,
né chi ndi lén d6 chinh xdc cia mot bude tinh, khéng phai 13 sai s6 &
mét chubi buéc tinh. Sai s6 ¢ mot chudi bude tinh kho xde diah vi sai
s6 clia mét budc tinh tdc dong dén d6 chinh xdc cha budc tiép theo mot
cdch phuic tap. Do d6 ta cdn phan hiét khai niém 8n dinh tuyét déi va
dn dinh tuong déi



Vi du phuong trinh vi phan :

dx
Tl Kx (6-99)
Phuong phap Euler c6 dang :
X1 = %, + Kxp 3 n =0, 1, 2 (6-100)

Nhu vay dung phép dé quy lap vdi gia thiét 14 khong cd sai s§ khi
tinh ta c6 :

x4 = (1 + BK™%, ;n =0, 1, 2 (6-101)
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V&i bude tinh h du nhé, dai lugng nay sé xdp xi voi dai luong chinh

XAc eKl.

D€ biét duge dién bién cua cdc sai s6 theo phuong phap Euler nhu
th& nao, ta gia thiét rdng x,; thay d8i va ky hiéu nd la xj ma xj =
(xg — gy) va ey 1a sai s6. Nhu vday (6~101) ¢d thé vist nhu sau :

X3, = 1+ WK™ = (1 + hK™ (%) - ep) = x,,; - (1+hK)™ .

D& sai s6 ban ddu tang din thi |1+ hK| = 1. Sau nhiéu budc, sai
s6 nay s& tang va vugt qua nghiém. DS la dac diém cua tinh khong 6n
dinh va trong trudng hop nay, phuong phap Euler 1a khong &n dinh. Né&u
|1+hK|< 1 thi sai s6 s& gidAm din va phuong phdp la 6n dinh tuyét
doi. Vay diéu kién d€ 8n dinh tuyét d8i la

-2 « hK <« 0. {6-102)

Diéu kién nay qud khit khe va ta cd th€ théa min véi digu kién
la sai s6 khong tang ty 1& v6i x. Do la 6n dinh tuong d6i. Chi ¥y rang
phuong phap Euler khong 6n dinh tuyét déi véi moi K duong.

Diéu kién 6n dinh tuyét déi cd thé duge téng quat hda dai vai
phuong trinh vi phan théng thudng dang (6 -96) la :

2 h of 0 (6-103)
-2 <« h—< 0. -
dx

Vih > 0 nén d€ cd 6n dinh tuyét d6i thi affox < 0. O hinh 6.22a
va 6.22b cd so sdnh sai s6 tuyét doi va sal s6 tuong ddi v&i h = 0,1
cho phuong trinh vi phan dx/dt = x vdi x = 1 khi t = 0. O hinh 6.22a
sai &5 tang rdt nhanh méac dit budc tinh nhé. O hinh 6.22b sai s6 ty la
v8i nghiém va sai s6 tuong dfi tadng tuyén tinh. Phuang phap khéng én
dinh tuong doi cing khong 8n dinh tuyét déi déi vdi bai tedn dia cho.

Phuong phdp Euler cd thé khong 6n dinh v8i mét s8 tri s6 ctia h.
Vi du néu K = -100 thi phuong phap Euler chi én dinh véi 0 < h < 0,02
Nhu vay, mufn giai phuong trinh +i phin trong thsi khoadng tit 0 dén
10, edn cd 500 budc tinh.

6.4.4. CAC PHUONG PHAP RUNGE - KUTTA

Phueng phap Runge - Kutta thudng ding nhit 14 phuong phip c8

di€n, c6 dang sau day d8i voi méi buée n = 0, 1, 2.
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k = hf(tn,xn) ;
h k)
k, = hf(tn+§,xn+?) (6~104)
h )
ky = hf(tn+§,xn+?)
ky = hf(tn + h, x, + k3).
va Xpep = X, + (k1 + 2k, + 2k + k4) /6 (6-105)

Sai 6 chung c6 bic h® O 6.1.2, cac bidu thic (6-34) .. (6-38) cd
m; (i = 1,4) thay cho k, A, thay cho h.

Dang tdng quat cda cdc phuong phiap Runge - Kutta cho mdi bude
n =0 1, 2,.. nhu sau :

k, = hf(t, xn) ;
=1
ki = htt, + hd;; x, + X c;k) (6-106)
j=1
P
va Xpi1 = X + 2 bk . (6-107)
j=1

Phuong phap téng quat nay cd bac p.
D6i véi phuong phap Runge - Kuta bac bén : (6-104 va 6~105), diéu
kién dn dinh la :
af
-2,78 <« h— < 0.
dx

Theo (6-106) va (6-107) can xac dinh céc vects d, b cling nhu ma
tran c;. Néu dai luong duogc tinh k;j tao thanh vects k, ham dugc tao
thanh d€ =x4c dinh x nhu sau :

k(1}=feval(’f’,t,x);
for i=1:p
kii)=step feval Cf",t+ step*d (i), x+ c{i,1:i- 17 k(1:i-1));
end
x=x+b’k;
Ham cttia MATLAB, rkgen dugc cho nhu sau : Vi ¢ va d d& thay

d6i, moi dang cia phuong phap Runge —Kutta c¢6 thé duge thye hién theo
ham nay. Mét s6 dang thudng gap nhu :
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1. Phuong phép Runge - Kutta - Merson cd sai s6 & s hang bac
h’, ngoal ra cho phép ddnh gia sai sd do bd s6 hang & méi bude.
2. Phuong phdp Raiston - Runge — Kutta cho phép chon cdc hé sd
mot cach dé dang sao cho sai léch do bé s§ hang la cuc tidu.
3. Phuong phap Butcher - Rungge - Kutta cho phép o6 doé chinh xac
cao & mbi budc, sai s6 & thanh phan bac hC.
Function [tvalsxvals]=rkgen(f,ts pan,startval step,method)
% Phuong phap Runge Kutta d€ giai phuong trinh vi phan
% bac mot dx/dt=f(t,x),
%
% Goi: [tvals,xvals]=rkgen(f,tspan,startval,step,method)
% Thai di€m bat ddu va két thuc clia t: tspan=[start finish]
% Gia tri ban diu cta x: startval va budc tinh step,
% Ham f(t,x) do ngudi ding xdc dinh,
% Phuong phip (1,2,3) dng véi phuong phap cd dién,
% Butcher hay Merson R. K. do ngusi diung chon,
%
b={]; c=[1 d=[1,
if method <1 method>3

disp ('Method number unknown so using Classical’) ;

method=1;
end ;
if method==
order=4;

b=[1/6 1/3 1/3 1/6); d=[0 5 5 1I;
e=[0 0 0 0, 06 000, 00500, 001 0J;
disp('Classical method selected’);

elseif method==2
order=6;
b=[0.0777777778 0 0.355555556 0,13333333
0.3555565556 0.0777777778];

d=[0 25 25 5 .75 1],
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c{1:4,)=[0 0 0 ¢ 0 0; 025 0 0 0 0 0, 0.125.
0125 0 0 0 0, 0 05 1 0 ¢ 01
e(5,:}=[.1875 0 0 0.5625 0 0];
c(6,:)=[-4285714 0.2857143 1.714286 -1.714286
1.1428571 0];
disp(’Butcher method selected’);
else
order=5;
b=[1/6 0 0 2/3 1/6]; d=[0 1/3 1/3 1/2 1];
c=[0 0000 1/300600;, 1/6 1/6 0 0 0; 1/8 0 3/8
00 12 0 -32 0l
disp("Merson method selected’)
end;
steps={(tspan(2)-tspan(1))/step+ 1;
x=startval; t=tspan(l);
xvals=startval; tvals=tspan(l),
for j=2:steps
k(1)=step™feval(f,t,x);
for i=2:order
k(i) =stepfeval(f,t+ step”d (i), x+ c(i, 1:i-1)"k(1:i-1)":
end;
x(1)=x+bk’; tl=t+step;
% chon gia tri cho ddu ra
tvals=[tvals, tl]; xvals=[xvals, x1];
t=tl; x=xl;
end;

Cd thé dung phuong phap chon thich nghi cdc budc tinh. Khi ham
tron, c6 th€ chon budc tinh lén. Khi trong mién cd su bién d8i nhanh
cua X, can bude tinh bé. Ngoai ra voi cdc hdm ma cA hai mién bién ddi
nhanh va cham cung tén tai, t6t nhat 13 cling dung budc tinh bé. Phuang
phdp tu thich nghi thay d6i budc tinh 1a cdn thiét. Phuong phap nay
khong dé cap & day va cd thé xem & cic phuong phip Runge - Kutta
d ham MATLAB ode 23 va ode 45.
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+

O hinh 6.23 6 sai s6 xig?

tuong déi tuong dng voi "4—

phuong trinh vi phan dx/dt RN 12 o )

= -x theo phuong phap ¢ P ! o

di€n (ddu "o"), phuong phap §q3 e °

Merson (ddu "+") va phuong .§ i o

phiap Butcher (ddu "*") theo zz s o ?

chuong trinh MATLAB sau : ’ae o g w4 b ” * ]
Char=lo® ™ "+7] ; 0 0.5 1 15 ) 2 25 3
For meth=1:3 e

[t,z]=rkgen{’f502°,[0 3],1,.25,meth);
re=(z-exp(-t)./exp(-t);
plot(t,re,char(meth));
axis([ 0 3 0 1.5e-4])
xlabel(’t’); ylabel(’relative error’);
hold on;
end;
hold off
Ham f502 dugc dinh nghia nhu sau :
function xprime=f502(t,x)
xprime=-y;
Nhu vay phuong phap Butcher la t6t nhdt va cA hai phuong phap
Butcher va Merson la tuong d6i chinh xdc hon phuong phép cd dién.

BAI TAP CHUONG 6

Bai tap 6-1 Giai phuong trinh vi phan sau :

Ddp dn

Sau khi md M-file, tao ham xpriml va luu giit, dung ode 23 dé giai,
~ta ¢d dac tinh nhu hinh & 6.24.
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0 a2 0.4 a6 0.8 ]
Thai gian §,=0, {, =1
Hinh 6.24

Bai tip 6-2 Gidi phuong trinh vi phan sau :
' x = x° -
{x(O) = 1.

Nhu & bai tap 6-1 nhung ¢ ham xprim2, ching han diu ding trudc
x* 1a ddu "+". Két qua nhu & hinh 6.25.

bdp dn :

Bai tdp 6-3 Giai phuong trinh vi phan :

X = x°;
{ x(0) = -1
Ddp dn :
Khic v6i bai tap 6-2, & bai tap 6-3 diéu kién ddu x (0) = -1. Két
qua mo6 phéng nhu & hinh 6.26.

Bai tap 6 -4 Giai hé phuong trinh sau :
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( 2 = x - 01x;x, + 0,01t ;

X', = —xp + 0,02 xx, + 0,04t ;
x,(0) = 30 ;
- x,(0) = 20.
Ddp dn :

Theo hé phuong trinh da cho, haAm xprim3.m dugc mé td nhu sau :
function xprim =xprim3(t,x)
xprim(1)=x(1)-0.T"x(1)*x(2)+ 0.01"t;
xprim(2) =-x(2)+ 0.0Zx(1)"x(2)+ 0.04"t;

28 [_‘_'_"___[__"_ ) T T

18 +

153-

/

%4 -
ol

19 -

Gid Iri cua X, x(0)-
N @
I I WS WSN— W——

Y]
—

1

1 TS
a a.2 a4 a6 a8 7

Thoi gian l,=0, l,=0395
Hinh 6.25

O hinh 627 6 cdc ham x,(t) vA x,(t) véi diéu kién cta bai todn.
Trong trudng hop dung quy dao pha ta cd lénh vé nhu sau :
>>plot (X(: ,2), X(: ,1));
con quy dao pha nhu & hinh 6.28.
Bai tap 6-5 V6i bai todn 6-4 dung, SIMULINK dé mé phéng hé thdong

va xac dinh x(t), x,(t) v6i diéu kién trén, déng thoi vé quy dao pha
X,(x). :
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Thai gian =0, b, =1
Hinh 6.26

Bdp dn :
So d6 khéi dugc vé theo SIMULINK nhu & hinh 6.29. Dac tinh x,(t)
va X,(t) nhu & hinh 6.30, con quy dao pha x,(x;) nhu & hinh 6.31.

So sanh cac dac tinh & bai tap 6-4 va 6-5 ta thiy ching gin nhu
nhau.

Bai tdp 6 -6 Giii bai toan bién cd phuong trinh vi phan dang :

y’' = f(x, y) = sin(l0x)y, a < x < b ;
y@ =y, = 0

yb) =y, = 4.

Ddap dn :
Xdp xi y”’ bang sai phan hitu han :
. Yy i+ — 2y (%) ty (Xi-)
y = h2
véi h = (b;a).
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=30, X,(0) =20

X, X,co)

%z & & & 10 m 1 1 w0
L,=0, tt_—za
Hinh 6.27
Tu do rat ra :
—2 — 0,25%in 2,5 1 0
yi 0
1 —-2 - 0,25%in 2,5 1 vl =10
0 1 -2 -0,25%in25 | [¥3 —4
2l
201
Vé6i [a, b] = [0,1] va N = i
100, ta co chuong trinh sau : 151
>> x=linspace(0,1); 14}
>> h=1/100; 121
>> a’=ones(1,2°99); 0
>> b=zeros(100, 1); di
>> b(100)=—4; I
>> for i=1:100 P : R .

% 20 s0 40 50 60 70 80 S0 1d0 110

al(i)=-2-10h"sin(10*x(i));

. . Hinh 6.28
u(i)=i; v(i)=i;

.

end;
>> for i=1:99

u(i+ 100)=i;v(i+ 100) =i+ 1;
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u(i+ 199)=i+1; v(i+ 199)=i;

end;

[al a2];

>> a

sparse(u, v, a);

A\b;
>> plot(x, y);

>> A

>>y

i

>> title(y(x) giai v’ =sin(10x)"y’);

Hinh 6.29
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Y(x) gidi ¥ "= sin (rox) "y

Chuong trinh nhim tao 4|T
nén cac ma tridn A va vecto '
b cia phuong trinh : A, = b.
Vay :

y = Ab.

Hinh 6.32 1a d4ap an
cia bai todn bién ndi trén.
Bai tip 6-7 So sanh ode
23 va ode 45 vé do6 chinh
xdc, dung bai tap 6 -3 véi

thai gian mﬁ phéng B to = 0, 00 = 8'2 — .ﬂl‘{I 0._4.‘;' a'la X};
t, = 5. Hinh 6.32
Ddp dn :

Ham xprim khong cd gi thay d6i, chi thay ddi dai luong t, = 5.
Chuong trinh nhu sau :

>> [t,x]=0de23(’xprim2’,[0,5],-1);

>> plot(t,x); xlabel(’thoi gian t,=0, tt=5"); ylabel('gia tri x(0)=-1’);
>> hold on;

>> [t, x]=0de45(xprim2’,[0, 5],- 1);

>> plot(t,x); xlabel(’thoi gian t;,=0, tt=5’); ylabel (gia tri x(0)=-1’);

>> hold off ; -a7 r - ——r——— ’
"____,..--".
Hai truong hgp dung 7441 T 1
ode 23 va ode 45 nhu ¢ '0-3_? 1
hinh 6.33. :Q.a,.;;. ]
Theo hinh 6.33, c6 sy X -5+
= |
khac nhau vé do chinh xdc . .4+ ]
nhung su khac nhau khéng 5 G,?!r
I6n 1dm & bai toan nay. i
-0,9
-1 o — _._;....__ é b -; ; 5

Thai gian 1, <0, §,=5
Hinh 6.33
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Chuong 7
TONG HOP HE PHI TUYEN

7.1. PAC DIEM CUA VIEC TONG HOP HE DIEU KHIEN
TU PONG PHI TUYEN

Ndi chung, d€ t6ng hgp cdc hé diéu khifn ty dong phi tuyén nhim
théa man nhimg chi s6 chit lugng cho trudc, cd thé diung cdc phuong
phap .sau :

1- T8ng hgp céc khau hiéu chinh & phdn tuyén tinh cia hé nham
théa man nhitng chi tiéu chit lugng nao dd nhu chi s daoc déng M hay
muic do 6n dinh A, Phuong phdap mnay giéng nhu phuong phap téng
hop khau hiéu chinh & hé tuyén tinh (xem muc 6.2 [19]) nhung c¢ tinh
dén cdac dac di€ém ma phan td phi tuyén di tao nén nhu di néu & muc
6.2 va 6.8

Sau khi da chon so d6 va théng s& cia khau hiéu chinh, cdn ki€m
tra lai chat luong cia hé bing phuong phdp truc tiép nhu phuong phap
md hinh hdéa. Viéc nay cang can thigt d6i v6i hé phi tuyén vi eac phuong
phip phan tich chit lugng d6i véi chiung chi la gin ding hay dua trén
co 38 clua diéu kién du.

2- Téng hgp cac cg cdu hiéu chinh phi tuyén nhim lam gidm aAnh
hudng cia cdc dac tinh phi tuyén cd hai trong hé théng hoac dua vao
nhitng khau phi tuyén cd ich nham cai thién chdt lugng clia hé. Bu tru
dnh hudng cGa cic dic tinh phi tuyén cd thé duge thyc hién bing héi
tiép am cd chia khau phi tuyén.

Cac khau phi tuyén duge wng dung réng rdi trong viéc téng hogp
hé didu khi€n phi tuy&n nhu & cdac hé cd cau truc bién déi, & viée
tao nén cdc luat didu khién phi tuy&n, nhit 14 &6 cdc hé didu khién
t6i wu 18]
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7.2. PHUONG PHAP PHI TUYEN NGHICH DPAO

Phuong phdap don gidn nhdt dé dua dac tinh phi tuyén vao co cdu
téng hgp la phucng phap phi tuyén nghich dao. Vi du d6i tugng cd tin
hitgu ra do dugc bang cd cdu cAm bién quang hoc c6 ddu ra ty 1& véi
binh phuong cia tin hiéu duge do y = x?, va trang thai x; dugc hinh
thanh & phan tuyén tinh cua hé. Mot bd didu chinh duce thiét k& c6 do
chinh xdc can thist v&i gia thiét la bién do dudc sé& dao dong trong pham
vi nhé (gid thiét x,; khéng d6i ddu) bang cach diung phuong phap tuyén
tinh hcéa. Dai lugng dat cua co cdu secvo d6i vai hé théng s& gay cho
nguvi thigt k& nhing khé khan do tinh chdt phi tuyén cia nd. Mot
phuong phap hitu ich la tao nén dic tinh phi tuyén ngay & bo diéu khién,
nghia 1a didu khién Vy thay cho y. Mét trong nhitng uu viét cta mdy
tinh 13 co th& dé& dang tao duge nhidu ham khic nhau nhu ham bac hai
& trudng hgp nay.

Vi du 7-1 Qua trinh trung tinh hda nudec cd axit £ mét xi nghiép ching
han duge mé phdng nhu & hinh 7.1. D& trung tinh hda pH ngudi ta trén
vao nudc od axit dung dich bazs. M6 hinh cta vi du nay 1a cha Mc—-Avoy,

Hsu, Lowenthal (1972) cdng nhu Goodwin va Sim (1984).

a t Nuae axit

Bidu khién w

Y .
(Y Y . L
. Nuoe fr.;.fr{q Fits

=

ré@-@}'ﬁ
<

Hinh T.1

Tin hiéu ra cua hé théng :

y = [H'] - [OH] (7-1)
Ia chénh léch néng do ¢ trang thai trung tinh. Muc dich 1a dieu khi€n
tin hiéu ra y vdi di€m dat dinh mic x; = y = 0 & trang thai xdc lap.
Dai lugng do duge la do pH = p. Moi quan hé gita dai lugng do duge
plt) va bién ¥y ma ta can didu khién la
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y = 1077 - 10PK, (7-2)

K, 1a hé s8 can bang cia nude (= 10 '%gion/l).

Phuong trinh (7.2) cd th& duge nit ra tit mdi quan he [OHT] [H'}
= K, va p = -loglH'}l. Uu viét cta diéu khi€n s6 1a nhanh chdng bién
lugng ra pH(p) thanh bién didu khi€n y ; do 1a dng dung cia phuong
phap phi tuyén tinh. nghich dao.

M6 hinh cua qua trinh dugc xdc dinh 1a :

V.y = Fla-y -ub + y. (7-3)
vdi V - dung tich cua binh tron [1}

F - téc d& cua dong axit [I/sec),

a — ndng dé cia axit [g.iond],

b -~ néng dd cia bazo [gion],

u - téc d¢ cta dong bazd (bign diédu khign [l/sec].

Gia thiét la tdt ca cdc thong s6 déu c6 dinh va da bist. Nhiém wvu
ddu tién la xay dung bo diéu chinh gian doan cho hé {7-3). Trudc khi
néu ciau tric difu khi€n, can nghién cdu mé hinh vA xic dinh nhimg
chit luong co ban. Hé (7-3) la tuyén tinh kép, ¢ tin hiéu ra nhan véi
tin hiéu vao :

Vy = Fa -~ Fy - ub - uy. (7-4)

O buéc diu tien, tuyén tinh hoa hé théng quanh diém lam viéc dinh
mde

Pim = 71.00 (trung tinh) — y = 0,
y =0
Ta cd thé tinh tin hiéu vao (tin hiéu diéu khién) dinh muc hay &

. . a
trang thai xdc lap dé y = 0 vA y = 0 (@ 7-3) r6i xdc dinh u, u = FE
Lay dac ham riéng & difém lam viéc ta co :

Vy = Fa - (F+ Fo b (7-5)
T

Mo hinh tuyén tinh hda nay rdt gidn don, biac médt, véi tin hidu vao
F% va hé s6 khudch dai am. Tinh khong xdc dinh & chénh léch ddu vao
co thé loai trit bang mach thudn & ddu vao s& din dén sai léch tinh cta
b diéu chinh. Do d6 cdn dén bd didu chinh tich phan. Chat lugng cd
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ban la thdi gian qud do cta hé théng sao cho két thuc trong khoang 200
sec ching han. Nhu vay ta cd thé chon chu kj lugng ti héa T = 10
sec. D€ dé danh gia ta dung cdc théng s6 cho & bang 7-1 :

Bang 7-1
Thong a8 Dai lrgng Don v]
a Q.00 mol/l
b 0,001 rmol{l
F 0,100 Ifsec
W 2,00 |
T 100 3ec

Véi cac thong s6 4y, ta cd phuong trinh dang gian doan cia hé trén :
Y1 = 03679 y — 0,00315 u, + 3,161.107%,, (7-6)
ma dy 1A nhiéu diu vao vOi dai lugng dinh muc la mét (1.0) ed cung
don vi v6i Fa. Néu diung bd diéu chinh tich phan, ta thém mot bac cho
hé vai trang thai méi w
Wi = wig to(xgk) - y&)T (7-7
Tin hiéu digu khi€n duge dua vao qud trinh cia hé kin d€ diéu

khién. Mo hinh ctia d6i tugng hé gisn doan bay giv la :

Y+ [0,3679 o] [ ¥ L [-000315 .
Wit -10,0 1 o |

-3,161 1073 0
+ 0 :’ dk,+ |:10] xd(k) 3

Wk

(7-8)

theo dd cd th€ xdc dinh luat diéu khién.

Cho ring hé thﬁng.dﬁ duge tuyén tinh hda, dung phuong phip quy
dao nghiém s6 d€ xdc dinh hé s6 héi tigp K. Véi thai gian qua do taqa
= 200 sec, hé s§ tat ddn khodng { = 0,7, chon nghiém cuc :

_ [0,93706 + 0,06034 79
& = l0,93706 — 0,06034j | °

dung cdc mdi quan hé :
wy = ]_,Sftqd 1T o= e-de; ;8= wdTﬁ _;2

ma z, dudc xdc dinh bdi re™’.
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Dung cong thic Ackerman, hé s6 phan héi duge xdac dinh bang :
K = [160,70 0,24133]. (7-10)
T trang thai can bing y = 0,0001 dap dng cia bd diéu khi€n tuyén
tinh v6i mé hinh déi tugng tuyén tinh hoa (duong @) cing nhu déi tugng
khong tuyén tinh (duong &) cho & hinh 7-2. Chu y ridng dap dng bac
thang cia hé thuc (mé hinh d6i tugng phi tuyén tinh) cé téc do cham
hon. O vi du trén, phuong phap phi tuyén tinh nghich dao duge dung dé
bu cho tinh phi tuyén cta co cdu do théng qua (7-2) déi v6i p dé cd tin
hiéu ra y. Thuc chdt la da bu tinh phi tuyén ¢ ddu ra cia dung cu do.

12 x10°%
Ty
10 L\ 1
e“, ,
8F %
6 F ‘;
wl
4t
| %
.| g
| a . ’N""\.\,‘m
| °m, et o e a s 0e s g0ns
or . ..,.....-,.....,....':.':::===°--':-J
3 1, sec
0 0 200 300 400 s00 600 700 800 S840 1000

G105 o o

a1

0,095 -

0:03 -

o 100 200 300 400 500 600 Top o0 SO0 1000
Hinh 7.2
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Van diéu khi€n dong bazo 1a khau phi tuyén c6 luu lugng cuc dai
la 2 l/sec. Do dg :

0, Kx, < 0 ;

2

u={ Kg 0 < Kx, <2 ; (7-11)
2,  Kx, > 2

Bay gio dung phuong phap tuyén tinh héa dé loai trit tinh phi tuyén
cia d6i tugng. C6 nhiéu phuong 4n, & day chi néu mot. Mo ta trang thai
cia hé cd thé dua vé dang :

Vy = -F(1 + u)y - ub + Fa

ma (1 + u) xem nhu hé s§ bién d6i & phuong trinh vi phan tuyén tinh.
Hé c6 thé dugc gidan doan hda d6i véi nhing dai luong u khic nhau &
hé s6 dy vi giita cac thsi gian ld&y miu u khong déi. Do d6 ¢ thé mo
ta chinh xdc hanh trang cia hé tit thoi gian ldy mau nay dén thoi gian
ldy mau ké& tiép bing cach dung mé hinh gidn doan, né 1a ham cua diéu
khién duge dung. Phuong phap nay la phuong phap hiéu chinh bac mot
d6i v6i d6i tuong phi tuyén tinh nén diéu khién c6 tré duge dung dén
va lam cho angoérit thuc t&€ hon. Thuc chat diéu khién phi tuyén nghich
ddo lam cho ma tran :

Ppe = P(u) - T () K(u)

la hang.

2000

1509

1000

500

D ] |
15 |2 RN R PR ; —
10 . ) B {
o5 - | | ; —
L—] ' l |
0 ] | | u

g a4z 04 06 48 10 1.2 14 L6 18 20

Hinh 7.3

Khi tinh phi tuyén cta d6i tugng lam cho & (u) thay ddi cung véi
u hé s6 K(u) cing thay d8i theo angérit didu khién phi tuyén tinh va
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lam cho ®;, khong thay déi. Phuong phap thuc hién tuong déi gian don :
Ma tran chuyén ti€p dugc tinh toan cho cac di€m [0, 2] cta u, hé s6
khuéch dai héi tiép dugc tinh theo hinh 7.3 va luu gid theo dé hé sé
khuéch dai hién tai 1a ngoai suy két qua cua qua trinh van hanh.

O hinh 7.4 c6 dac tinh cua ddp tng y ciing nhu diéu khién u cho
trusng hgp d6i tugng la tuyén tinh hoa, diéu khién tuyén tinh (dudng a)
cing nhu d6i tugng 1a phi tuyén tinh (dudng b) diéu khién phi tuyén
tinh nghich dao. Diéu khién phi tuyén tinh nghich dao cho két qua gan
v6i muc tiéu thiét ké hon.
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Do tinh chdt quan trong ctia by diéu khi€n phi tuyén nghich dao,
hay xét mot vi du khac ¢ dung phuong phap phi tuyén nghich dao &
b6 diéu khién va bd udc lugng trang thai. D vi du nay khong phai la
ngudi may nhung cdc nguyén ly ung dung eing tdong tu nhung gidn don.

Vi du 7-2 O hinh 7.6 ¢6 so d6 khéi cua dong co chdp hanh ¢ mémen
truyén dong bing ngudn dong, gid thiét ring dong bi gidi han & bién dd
ra nhung luén 14 nguén dong (dién dp khong bi bdo hoéa). Chu ¥ la diéu
khi€n u, td bd chuyén d6i D/A va dua dén mach phin.idng cua déng
cd. Diéu khién u, 13 két qua cia angdrit phi tuyén tinh cda bd diéu
khién phi tuyén nghich déo, déng & mach phin dUng tac nén mémen
M, = u,K® ma hé s mémen K@) la :

do mat do6 ti trudng qua cdc khe hd & déng co.

] Kffﬁ")

Hinh 7.8

Bang 7-2 cho théng s6 dinh mdc cGa dong co theo hinh 7.6 cdon K (6)
duge dinh nghia theo (7-11). Thiét k& tuyén tinh bat dau tu gid thiét :
K, = Kgm (Ko + Kooy
la hang s6 & lan cén gdc
vin hanh dinh mic 8y,
Theo bang 7.2, hé s6 mdmen
thay d8i 16% gdc quay cla

}max
I ‘s ) €4
déng co, do dd dung diéu gy (k) Ky dm Upi (k)
khién phi tuyén nghich dao K (8) :
va diung udc lugng la uu —==
viét,
Bute dau tién la loai Hinh 7.7
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trit su bién d6i cia mdémen & (7-11) va cd so d6 khéi nhu & hinh 7.7

Bang 72
Théng =8 Dai lrgng bon vij
I8 <02 rad
| up | =30 ampe
Kio -7.00
K 8,00
Kigm 03 Nmampe™
Ja 0,00012 Nm.ampe™
Kg 1000 mradrad”
K: 00 Nsec

Chid y rdng diéu khién cd giéi han v < ug, = I . 142 mé hinh caa
khuy&ch dai cong sudt. Nhu vay diéu khi€n sé bdo hoa sdm & angorit
diéu khién truéc khi duge dua dén khuéch dai cong sudt thong qua DAC.

Diéu khi€n d€ tuyén tinh hoéa d6i tugng c¢d dang :

uK‘ldm
u, = I _sat r—m
max

(7-12)

u
= I  sat T

v6i "sat” 12 ky hiéu cho trang thai bao hoa, va K(®) = K, + Kycosd.

Diéu khién u duge dinh nghia theo nghia théng thudng cua héi tiép
trang thai vai tin hiéu didu khi€n chuin & dau vao u = K&, - %

Diéu khién phi tuyénh u, duge tinh voi thanh phdn bién d6i cia K@),
nghia 12 hé s mémen dinh mic K, vdn cd hiéu lve trong mach.
' Bang cach dung tinh phi tuyén (vi nguén dong khong bso hda) cho
d6i tugng, t8 hop s& c6 hanh vi nhu d6i tugng tuyén tinh vdi tin hiéu
vao u. Trude khi hinh thanh tin hi¢u diéu khién u, hay ude luong cac
trang thai khéng do duge.

Téc do va nhiéu ddu vao M, déu khéng do duge nén cdn udc lugng.
Vi chinh u s& duge dang d€ bu higu dng cta nhiéu My nén ta udc lugng
d6 chéch moémen va ky hidu 1& uy, goi 13 nhidu didu khi€n. Cudi cung
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cin udc lugng y d€ loai trit nhiéu & tdn s6 cao. Vay trang thai cha udc
lugng la

x (k) = [§ ) ﬁd]"' .

Né&u nguén déng khéng biao hoa thi mo hinh d6i tugng la tuy&n tinh
v8i tin hiéu vao 1a u (cd hé 6 md men K, ). Khi nguén dong bio hoa,
mé hinh d6i tuong sé chita dung su bién d8i cla hé s§ mdémen udc luong
K,($/Ky). Nhu vay & hinh 7.8 cd so d§ tdng quat véi bd wdc lugng o tin
hiéu vac u;, va cd hé s6 bién ddi cha moémen, mé hinh d6i tugng bac
hai, mé hinh b3 uwéc lugng bac ba. Tin hiév vAo uy khéng didu khién
duge, dugc mod hinh hda nhu mét trang thai & bd udc lugng sac cho hidu
ing cua tin hidu vao duge tinh dén trong mo hinh.

Vi uy la khong didu khi€n duge nén khong dua vao mé hinh cta déi
tucng.

Y
Tued 4 K &y
£ k o ax nl 807 tuong | Fg¥ =2
~ % o) | /\T/_ K@) iy hinh =
Z ¢
) FG.C
P
: 35 ] ot
. @ wac ltang
A ¥ fr‘gn‘_g thai ,)’m T
i Xd 'gr'ef
Hinh 7.8
o X,
A= : (7-13)
0 —Kf/Ja]
_ T
B = [0 thm/Ja} ; (7-14)
C = [1 0] , . (7-15)

vOl trang thdi cha d&i tugng [y «]T. Ms hinh gian doan cua d&i tugng

1a :
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1 0,0002 _
F = [ o . } , (7-16)

G = [0,00003 0,17261T . (7417)
vi3i T = 0,0001 sec.

e .n - - = P o ~ ~ T -
Déi véi bo ude lugng trang thii véi x = [y ) udJ ta cd :

r 1 0,0002  0,00003
F,=1 0 1 0,1726 ; (7-18)
0 0 1,0
G, = [0.00008 01726 O]T ; (7-19)
C, = [1 0 0] : (7-20}

Vi uy la am hay mot hing, héi ti€p am &y hinh thanh khau tich

phan. O day ddu ra khau tich phan bao hoa & phin mém trude khi tro
thanh ddu vao cta DAC.

Chu ¥y rang nhitng bidu thdic sau 12 § trang thai xdc lap :
Miy -3} =0
ta doc M{(-)} la "K¥ vong toan hoc ctia ()"
M) =0 va M{u} =-u .
Do dg Mk, (x4 —y) — kza} =0,

cho nén : M {x; - ¥} 0.

Vi {uy| <up., nén sai s8 vi tri bi cudng bic tang dén dai lugng
bang khéng bat k€ 1a uy nhu th€ nao !
Dung uéc lugng hién trang (V.6.2 [20]) d8 cuc ti€u hoda d6 tré diéu
khign, ta ¢d hé phuong trinh sau :
Zy = F& + Gag + Ly - LCoxi
= F& + Guy + Ly, - LC. FX, - LC.G.uyy
= (F, - LCFJ% + (G, - LCGIu, + Ly,

A

Ky hiéu £ = % - Ly, Iy, = Cl, M = (I - L.C,), va diéu khién :
= K(I'yrxd - /ﬁ) Co thé rit ra :

Ewr = M@, - GKIE + MELC - GKLOx, + MG x, (7-21)

=1
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déi véi bg udc lugng trang thai va phuong trinh trang thai cia d6i tuong
la -

%1 = (F - GKLO)x, - GKE + GEIxy(k). (7-22)

Dinh nghia x;r = [xT g"‘], hé kin tSng thé bdi phuong trinh trang
thai

x(kt+ 1) = Fx (k) + Gx,k), (7-23)
vih ddu ra cua hé :

y = Cx., (7-24)
ma C, = [1 000 0], Nhu vay hé tong thé la bic nidm con ma tran
cua hé 1a :

F-GKLC -GK
Fg = , (7-25)
M(F_.L.C - G KL C) M(F. — GK)
. GKI'yr
va Gg = MGcH_yr (7-26)

Néu trit tin hiéu ra do dudec cia hé y v6i tin hiéu vao chudn cda

déi tuong y.o :
Ym 5 Y 7 Yeer
tin hiéu vao udc lugng vi tri 1a y, thay vi y. Tin hiéu vao chudn Vet
g6 tdc dong vao phuodng trinh trang thai cia hé théng gua ma tran vao
Brer ©0ng vao bi€u thic (7-23) mot thanh phan :
GKL,
ryrcf Yref = M(GK ~ F,) L. ¥rer - (7-27)

Tinh todn theo ham phat phi tuyén tinh [trang 629 ~ tl 5] cho
két qua :
K = [11,80 3,23 1], (7-28)
L

va

= [0,728 1,848 0,493]T (7-29)

O hinh 7.9 1a chénh léch bé cda dap ung (véi uy = 0) gan 8 = 0 va
8 = 0,20 rad vOi bo diéu khifn tuyén tinh, con ¢ hinh 7.10 ¢é ciung diéu
kién nhung bd didu khign l1a phi tuyén tinh.nghich dao. Truéng hgp {a)
ung véi x, = O va trudng hop (b) vng véi x4 = 199 (I, = 1). O bo
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diéu khién tuyén tinh, dip dng & ddu ra cha hé cé dac tinh vdi chat
luong kém hon do hé s6 moémem thay ddi theo gdc quway, con & bo diéu
khién phi tuyén tinh nghich dao thi tin hiéu ra khéng thay déi, mac du
hé s6 momem thay ddi. Dung diéu khién phi tuyén nghich ddo & hinh
7.10, dap ing cua tin hiéu bac thang & hai mic d6 khac nhau déu khéng
khac nhau (so sanh truong hop a va b).
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Dé cai thién ude luong trang thai, thiét k& phi tuyén nghich dao
chinh dinh cho luat diéu khién, tinh d&n sy thay d8i cia hé s6 khuéch
dai d6i tuong do thay d6i hé s6 momem. K&t quad la dip dng chung sé
khong phu thude vi trl trong mién thdi gian va tit nhién 1A ham truyén
cia hé kin sé khong thay d8i. Do chéch cha nhifu mémem cé ton tai
cing khong giy nén sai léch tinh nhu ¢ hinh 7.11. O hinh 7.1la cd dép
ung dau ra, cdon hinh 7.11b 12 cde tin hidu nhifu bac thang, nhidu udc
lugng va tin hiéu diéu khién cia dong co servo déi voi nhiéu bac thang.
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O hinh 7.12 6 dép dng cha hé (theo phadn trdm thang do) khi thay
dsi tin higu dat x4 vdi I, = 1. Khi ting bién d¢ tin hidu dat thi chat
ligng giam do thai gian qua dé va lugng qua diéu chinh tang ré rét.
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Hinh 7.13

73. TOI UU TAC PONG NHANH

O hé t6i wu [19] da dé cap dén phuong phép téng hop hé nay dua
theo qui dao pha ciia nd, & diy sé khao sat hé t6i wu tdc dong nhanh
theo mét gdéc d6 khac d6i véi cde hé dung dong cd servo lam co céu

chdp hanh, vi du nhu & cac tay mdy, hoac d cdc mdy veé.

Diéu khién t6i uwu tde dong nhanh giin doan khd thuc hién trong
thye t&€ MO réng cta hé tdi wu tdc dong nhanh lién tuc sang cdc bd
diéu khién gian doan gin tdi uu duge si dung trong cong nghiép. Trudc
tién hay nhdc lai cdu tric cta didu khi€n t6i vu tdc dong nhanh ddi véi
doi tugng gém hai khau tich phan.

7-3-1. HE TOI UU TAC PONG NHANH LIEN TUC

O hinh 7.13 ¢d so dé cha hé tdi uvu tdc dong nhanh véi d6i tugng
ta hai khau tich phan duge diéu khién bdi khsi bsio hoa hay khéi gisi
han. Luat diéu khi€n t6i wu la ham phi tuygn déi vai khoang cach va
téc d6. O hinh 7.13, ham phi tuyén duge mé ta bai f,( ). Phuong trinh
mé td hé nhu sau :

y = v (7-30)
= a sign{f,iy.) - v) ; (7-31)
1
fove) = signly)(2aly.|)? ; (7-32)
ma Ye = ¥4 ~ ¥ (7-33)

Dung L 1a dai lugng sai léch vi tri & thoi diém dat tin hiéu vao bac thang
vd(to) :
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L = yaltgr - vty = y.lty). {7-34)

Luat diéu khién duge cho bdi {(7-31 dén 7-33) nhu ¢ hinh 7.18. Nhiéu
khong dang k€ & qua trinh hay ¢ dung cu do cing lam cho diéu khién
cd dao dong giva dai luong cuc dai va cue tifu. Sai léch 4 mé hinh d6i
tugng cing giy nén dao dong o6 chu ky t6i han (nhiat 14 khi a khéng
tinh ding).

Trong nhidu trudng hgp didu khié€n ki€u ddéng md, ving chét hay ti
tré duge diung dén dé gidm thi€u dao dong.

73.2. HE XAP Xi TOI UU TAC PONG NHANH LIEN TUC

Hinh 7.14

He x4ap xi t6i wu tac déng nhanh nhu & hinh 7.14. Ham f () la xdp
xl hitu han d6 nghiéng cta ham f, (-} & phuong trinh (7-32). Ham (7-31)
dugc thay thé bing ham bdo hoa cing vdi tri s6 k, tac nén xdp xi huu
han d¢ nghiéng. Phuong trinh cia hé nhu sau :

v = a satk, (f(y,) -v). (7-36)
Ham f{) cd dang :
klmZ{yc) ' voi 1yc| < ¥

f(ye) = | (7-37)
Sign(y(:)[ (Zaalycl) 2 - (1'{1(2)] ' v0i |yc| > ¥
ma « 14 hé s3 hiéu chinh gia téc : 0 < a < 1.

Bang cach hiéu chinh gia téc tif a dén «a, cho phép tuung thich tinh
bdt dinh cia hé sd gia tde. Thuyec hién (7-37) cho k&t qua gidn nhd ham
tdi uu tac dong nhanh thue f,, vé6i moét vang dac tinh cd do nghiéng
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hitu han tuyén tinh qua géc truc cia mat phidng pha va hé sé hiéu chinh
gia téc a chinh dinh duge. N6i cdc mién phi tuyén ctia f() sao cho f ()
va £ () van la lién tuc, ta c6 han ch& lién hé cac hé s§ khuéch dai k.
k, v6i kich thuéc ctia mién tuyén tinh y, bdi :

k, = (g) , (7-38)
1
g =g (7-89)

Vi du 7-3 Cho trudc cic thong s6 sau d6i véi ham f() : k; = 10
08, a = 100.

Theo (7 -38) xdc dinh :

= 20‘0)]’2 = 0,500.

k2 = (300

Ving tuyén tinh dugc xac dinh bsi y. = 0.10 va f(-) dugc xic dinh

20.0 y, , voi  |ye| < 0.10

f(ye) = 12

sig‘n(ye)[ (160.0) |y |) —2.0], véi |y.| > 0.10

U — s
)| |
s | -
| gl
g | 5 -
1 L//
_.5 _.:,./_/I ..... I E—
=10 L [ . ...e_;;..
-04 -G2 0 a2 04
a)
Hinh 7.15

Ham trén v6i hai mién tri s6 khic nhau ctia y(e) nhu & hinh 7.15.
Dudng nét dam dng véi f), con dudng dit nét 1a ham xdp xi. Bing cach
x4p xi thoi gian xdc dinh vi tri 1a thoi gian dé€ sai s6 vé vi tri nim
trong mién tuyén tinh, cé thé xdc dinh do6 tang theo phdn tram P cuia
thoi gian dap dng cia hé xdp xi t6i wu :
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2

: \
P khong phu thudc vao bién d6 tin hidu vao (sai léch vi tri L) nhung
sai léch vi tri phai 16n hon ving tuy&n tinh y,. Thuc t& ld ving tuyén

1 1
P = 100%[— “—7— 1} . (7-40)

, 1
tinh y, = X khéng phai dudgc chon tu do ma lién quan dén khodng cdch
1

ma co cAu chdp hanh trong thuc t€ chuy€n dong moét cach t6i uvu tébc
déng nhanh véi dai thong tdn mong mudn. Mdc diau nhitng tri =6
hgp Iy ciua = la a6[0.65 0.90} nhung sy phu thudéc ctia P vao « nhu
& hinh 7-16.

Tit hinh vé thdy ring hé xdp xi t6i uvu tic dong nhanh diung f(.)
xdc dinh & vi du 7-3 chuyén doéng cham hon hé tdi uu tac déng nhanh
xdp xi 6%.

25
Pl

20 N\ E

w0 \ S I S (P
™ |

25 o6 o7 o8 25 o
Hinh 7.18

Mo phoéng cta bo didu khién o6 thdi gian cue tiu (dudng 1) va he
x4p xi t6i wu téc déng nhanh (dudng 2) khi da biét a cha d&i tuong nhu
& hinh 7.17 D6&i v6i trudng hop trén, hé xdp xl t8i wu tdc dong nhanh
cham hon d¢ 1,3% nhung hanh trang clia hé trong qui trinh diéu khién
t6t hon. Cén ndi théem ring hé xdp xi t6i wu tac dong nhanh cd tinh
bén vitng t6t hon khi ¢d sy bién ddi nho cua a, khi ed nhiéu do lusng,

nhiéu tdc dong vao 480 tugng.
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733. HE XAP Xi TOI UU TAC PONG NHANH GIAN POAN

O hinh 7.18 1a so d6 khGi ¢S bo chuyén déi khéa A/D hay bo ldy
mau va duy tri bac khéng. Nhu & hé lién tuc, trang thai duoc chon la
vi tri va tdc d6. Gia thiét la d6 tré khong dang k&, ta ¢ cdc phuong
trinh sau :

x=.[y v, (7-41)
x(k+1) = F) ﬂx(k) + ["‘T 4 2} u(k) . (7-42)
"] T ]
N | |
! ~~ [
a5 ?/ | N—

l [ t, sec
=55 | I
o ! z 3 4 5 6 7 8
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1.5 [
) |
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1 gt
0 et 11121 1 [t i
e z A
as iR L | Lt
T
I Ju il
-1 |11[||1|“1‘I:l||u” It |u II[]”I lLl
5 t sec
=1 1
o 1 2 J 4 5 & 7 &

Hinh 7.17

Luat diéu khién la gian doan ldy tit luat diéu khién hé xdp xi téi
uu tdc dong nhanh v6i mét vai diéu kién khac cia ham f() :
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u(k) = satk, [f(ye(k)) —v(k)] . (7-43)
ma dinh nghia cia y,. cing la cia trudng hop lién tuc.

Luong ti hoa & cac bd chuyén déi A/D va D/A xem nhu khéng ding
ké va dau ra u(k) la ddu vao cua d6i tugng théong qua bd chuyén dadi
khda D/A c¢é cung ham trong lugng véi bd duy tri bac khéng.

Hinh 7.18 thé hién hoan toan gi6ng nhu hé x4p xi t6i wu tdc déng
nhanh v6i héi tiép cé bd ldy mAu va duy tri bac khong.

¥, (k) ' 4, Uy v(t) | Jr‘(f)\h
o i I
o { v (k) l
l /%j

I y(k)

A/D _—

Hinh 7.18

Vi du 7-4 Ap dung hé xdp xi t6i uu tdc dong nhanh cho co cdu chidp
hanh diéu khi€n vi tri géc quay & vi du 7-2. Gia thiét hé s6 momen K,
la hang véi tri s6 dinh muc K4, khong phai la ham cua géc quay 0,
va hé s6 ma siat K; = 0. Thay thé hé s6 ky/k, ¢ hinh 7.8 bang ham
phi tuyén f() va K@) = 1. Vay hé s6 gia téc cua co cdu chdp hanh 1a :

K,(0.0)
a = —— = 2500.0
Ja
o
U, b6/ fudng }‘;5—‘:3’
-—:n-f(-) /(2 -2 Kf — fu}rér':;ﬁ?ﬁ >
q
d B8s -
s vdc luang nl
% ¥ frqnj thar | In
X ‘ 'yref
Hinh 7.19
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D6 du trit cia diéu khién cua trang thai bao hoa dugc chon bdi hé
s6 hiéu chinh gia téc « bing 0,84, vi tri s6 thdp nhit ma K, bdo dam
la 16% nhé hon dinh mic & vi tri cubi cung cia 6. Nhu vay, dung k,
ti diéu kién :

= 0,952k, . (7-44)

Bi€u thic (7-44) cing c6 thé duge dung nhu giéi han tinh todn theo
ham phat phi tuyén [5] d€ cd tri s6 t6t nhat k, va cac hé s6 udc lugng :
K = [11,80 3,3523 1] ;

ks =
z aa

1
il

va L = [0,7280 1,848 0,4933]T .
Ham diéu khién téc do bang :
3620 (ye), - - -« . oo v6i |y.| < 0,0847 ;
f(ye) = (7-45)

1
sign(yvo) [ (42| ve| )E - 0,2983] , véi |y, | > 0,847

duge dung & hinh 7.19.
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o i e i ' ! ! H 1
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o : | 1l 1 H ' ¥
ot N i I { :

0 i H
g 0.001 0002 0003 0004 G005 0006 0007 0.008 0009 0,01
Hinh 7.20

O hinh 7.20 c6 dap dng cia hé xdp xi t6i uu tdc déng nhanh véi
nhitng dai lugng khac nhau cia L : Néu so sinh véi diéu khién tuyén
tinh nhu & hinh 7.12 thi diéu khién phi tuyén tinh cho chit lugng tét
hon : diéu khién gin cuc tiéu.
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Phin B
HE NGAU NHIEN

Chuong 8
KHAI NIEM CHUNG

81 TINH CHAT CHUNG CUA TIN HIEU NGAU NHIEN
TRONG CAC HE DIEU KHIEN

Cho dén nay, moi tin hi¢u tic dong vao he thong  déu  duon
xem la #ién dinh, dupe mo bing nhimg ham cho trce theo  thor
gran. Trong thue 8 con 8dp nhung tac dong mang tinh  chat nud
uén khdng xde dinh truce duge. Nhimg  tac déng nhu vay nhu phu
tai & cac he nang ludng ¢ thudc vio cdce ho tidu thu ¢é tinh chat ngau
nhién. Tac déng cda Bi6 vao mdy bay lam viee § ché do tr dong cang
mang tinh ngdu nhien. O cac h¢ kinh t& tic dong cua nhu cau thi truiing
la ngdu nhien.

Tac dong ngdu nhien c6 thé 6 ich hodc khong mong muén. O cac
hé tuy déng cua rada, tdc dong o ddu vao cla no mang tinh chat ngdu
nhién la do tinh ngdu nhién cua tin hiéu ¢6 ich (xac dinh vi e cia muc
tiéu) ciing nhu thanh phin 6 hai cta nhidu (k€ ¢4 nhidu tich cue).

/

Trong h¢ didu chinh kin nhue & hinh 8.1, tin hiéu nhiéy £y, -
cung nhu su thay d6i thong «6 cua bho  diéu  chinh (BPC) 8K, va cua
ddi tugng didu  chinh (PTDC) 8K, déu la  dai luogng  ngan  nhicn
khong thé ma bing cac ham xde dinh theo t.

D¢ khao sit cac hé ¢6 nhidy ngau nhién tic dong, vé nguyen tac o
thé dua vao chénh l&ch cia dai tuong duge didu chinh so vai tri =& da
vho trong trudng hop xau nhat, nghia la trong trudng hop nhidu cue dai.
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Tuy nhién xdc sudt xust hién nhifu cyc dai khéng lon nén nhu vay la
ta da dat ra nhung didu kien qua khac nghiét hon thuc t& Cho nén
nhitng phuong phap tinh dén ban chdt e tinh théng ké ciia nhifu dac
trung che hanh trang trung binh cia hé khi cd nhiéu tic déng la phuong
phdp din dén két qua tét nhit va dé thuc hién nhat.

1! f, ld-h’: vf [ oK

K

L)(#H-HF-B Bc}iép;mac .-
L L

Hinh 8.1

Qud trinh ngdu nhién 1a qua trinh ¢S dang cu thé nhung khong xéc
dinh trudc duge. D€ khao sit hé khi c¢d tac ddéng ngdu nhién, ngudi ta
khdo sat mot tip hop dude ghi lai cia méi tac déng dudi dang ham cta
thai gian trong thoi kheang 2T goi 1a tgp hop cde thyc hién cta tac dong
ngiu nhién. Tap hop cia cdc thue hién dy mé tA quan hé trung binh ¢
tinh théng ké nao dd dac trung cho mét ham ngiu nhién ma ban than
méi quan hé lai la nhitng méi quan hé khong ngiu nhién.

Co hai phuong phdp mé ta cic tin hiéu ngiu nhién :

1~ Phuong phap ldy trung binh theo tdp hop co sd trén viec khdao
sat dong thdi sy phan bé khic nhau ctia cac dai ldong ngAu nhién trong
nhitng khodng thdi gian nhdt dinh. Trong trudng hop nay tap hop cua
cdc qua trinh duge dac trung boi dai lugng trung binh theo tap hop co
thé [a nhilng ham theo théi gian.

2- Phuong phap ldy trung binh theo thdi gian cu sd trén viéc xac
dinh nhitng dang khdc nhau cia cac dai lugng théms ké trung binh, dé
cd duge ude lugng clia cac ham tuong quan va mat dé phan bé cta qua
trizh theo mét thye hién trong mot théi gian tuong d6i dai. D6i voi hé
tuyén tinh, cdc phudng phdp lay trung bink theo thoi gian thutng duoc
dung hon, cdn & hé phi tuyén thi phé cap cac phuong phap ldy trung
binh theo tap hgp.

Viéc phdt tri€n cdc phudng phap xdc suidt va théng ké ciing nhu ing
dung cda ching vac ly thuyét diéu khi€n dugec th€ hién & cic céng trinh
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cda Kolmagorov A N., Pugatchev B. V., Solodovnicov v.v., Kazakov I. E.
viv.. ¢ Lién X& eG, Winer N. & My, Pelegrena A. M. ¢ Phap vv..

Dé gian don, ta ky hiéu mot qua trinh nglu nhién cing nhu thuc
hién cia qua trinh dy 14 x{t). Xdc sudt dé ham x(t) nhan dusc & thoi
diém ¢6 dinh t; nhung gia tri nim trong khoang {(x, x + dx) phu thudc
vao gia tri cua x, thoi diém da cho t; va ty 1é vdi dx bang :

pfx, tdx.

Xde suat dé€ ham x(t}) nhan duge & thdi di€m t, nhing gia tri nam
trong khoang (x;, x| +dx), cdon & thdi di€m t, nhitng gia tri ndm trong
khoang (x; x, + dx;) phu thudc 8 céc gid tri x; vAd x,, cdc thsi diém
t, tp va ty 16 vai dx|, dx, bang :

paxy, t) 5 x5, ty)dx,dx,.

Cac ham plx, t), py{x;, t; ; x5 t;) ]a mat do phan b6 don va kép
cla qua trinhk ngiu nhién x(t). Bing cach tudng tu nhu th& cd thé xac
dinh mat d& phan b6 bac cao hon. Bac cang cao cho phép khao sit qua
trinh ngdu nhién cang chi tiét hon. Tuy nhién trong thyuc t& chi gigi han
4 mat do phan bd bac moét va hal vi mat dé phan b8 x4c sudt bac cao
hon phu thuéc vao hai dang mat d6 phan bé co ban nay.

Néu mat dé phan bé xac suit khong phu thude vao viee chon thoi
diém t; thi qua trinh ngiu nhién nhu vay 1a qud frink ngéu nhién ding.
Quéd trinh ngiu nhién ding cd tinh chdt !4 dac tink cia nd khong phu
thude vao viée chon gdc toa d¢ hay thdi difm quan sat. Véi qud trinh
ngau nhién dimmg, xdc sudt dé x nidm trong khodng (x, x + dx) bang :

py(x)dx,

Con x4c sudt ma hai tri s6 cia x ndm trong khoang (xy, x; + dxy)
va (x5, x, + dx,) bdng :

Py, Xp Ddxpdxy, T =t -t

Qud trinh ma trung binh theo thdi gian va trung binh theo tap hop
nhu nhau goi 1a qud trinh écgédic.

Mac du trong thyc t& cdc qud trinh nglu nhién déu khong ding
nhung khi khido sat cac hé diéu khi€n, dé gidn don, gia thist ring trong
thoi gian khdo sit, dac tinh théng ké cua tin hiéu khéng thay di va
xem nhu qua trinh ngiu nhién la ding.
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Vé ¢o ban ta quan tim dén cdc qud trinh cudng bie, chinh xdac hon
la qua trinh xdc lap do cdc tic dung ngau nhién ding giy nén Cac qua
trinh xdc lap nay cing 13 quda trinh ngiu nhién nhung ndéi chung con <o
nhitng dac tinh théng ké khac.

Céac phuong phdp mé td ham ngdua nhién theo thai gian déu cd dé
cdp dén d chuong trinh todn hoe. Qua trinh nglu nhién va cdc dac tinh
théng ké cta tin hiéu ngiu nhién va phuong phdp nhan dang ching cg
dé cap & [15, 18]. O day chi gigi han & viéc khao sat cac phuong phdp
toan hoc khdc nhau d€ mé t4d nhung tin hiéu dic trung mang tinh chéat
ngiu nhién.

Dac trung cho tin higu x, ta ding cac ham saw : mat d6 phan bs

don p(x), ham tuong quan theo tap hop K, (7) hay theo thdi gian R,(T)
va mat do6 phé S, (w)

82. V[ DU VE TIN HIEU-NGAU NHIEN VA DAC TINH
THONG KE CUA CHUNG

$.2.1. TIN HIEU HINH SIN VOI PHA NGAU NHIEN

x = X_sin(wgt + a (8-1)
ma pha o cla tin hiéu cd phan bg déu :

1

— vii 0 € ¢ € 2Zu,
pi{e) = 2" (8-2)

0 vl a > 2m.

Theo d6 thi ¢ hinh 8- 2a, xac sudt dé x nim trong khoang dx la :

degt

pxdx = —— - (8-3)
Tt (8- 1) ta od

wet = arcsin [i:]— . (8-4)

Sau khi ldy tich phan (8-4) va dua vao (8-3), ta ¢ mat do phan bé
theo x :

1
piix) = — - (8-5)

Jr)Jsz —x°



Ham tudng quan theo thoi gian dudec xac dinh theo tich phan :
T

1 2
Ry®) = lim o | Xgsin (wyt + @) sin| wy(t +7) + a| dt =
Jim o J Xasin (w0t + <) sin[ ]
X2 (8-6)
= Tcoswu’f .

R(7) khong phu thudc dai lugng ngiu nhién a nén trung binh theo
tap hop cia né khéng thay d6i. Ham tuong quan theo tap hop K (7) déi
v6i phan b6 a da cho trung hop v6i ham tuong quan theo thdi gian R, (7),
cho nén tin hiéu ding dugc khao sit ndi trén la écgodic.

AS (w)
c) AR (T X x5 res) | Z Xy - )
% |«
- “h -

)

Hinh 8.2

D€ xac dinh mat d6é phan bg, ta tim bién ddi Fourier cia R(7) :

w X2 27 | e [ .
. . . = T
Sx(CU) — I = CUSCUOre_"wT dr = ﬁ I |:e__](£ti +w0)1’+ e J(f.t) WO) dr (8—-7)
vi _[ e 147 = 278(w) nén (8-7) o6 dang :

— oo
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Sy(w)

T 2
[-—);m—] [5(w +w,) +d(w - wo)]

(8-8)

D6 thi p(x), R(®) va Sy w) nhu ¢ hinh 82b, ¢, d tuong wng.

8.2.2. XUNG CHU NHAT VOI PO RONG Ty CO THOI PIEM
NGAU NHIEN t,

Xung

X

a [l(t —tg) = 1(t — Ty — to)]

(8-9)

cd luat phan bé déu véi thai di€m t; trong khoang —T <t <T — T,, nghia

-

la :

pilty) = /2T - TO)

Mat do phan b6 p;(x) chi khdc 0 & hai diém v6i x

TO TD
py(x) = (1 —ﬁ)é(x) +5pd(x—a) .

nhu ¢ hinh 83b v6i T, << T, xdc sudt cia x # 0 va x

dai lugng rat bé T /2T sé tién dén bang 0 khi T — .

(8-10)

0 vax =a:

(8-11)

a la mot

. XT b) x(t) 2)
356 (x-a)
q ] I
| T a
. i
Y '
poo (175705 | ¢
- I's 1
| X(t+T) 1% |\ b+l
a7, 18CT) y 1
27 c) i .'
I
|
z :
-7 lo T t-T | \,-T+]
Sw) Lag x(1)
o X(t+T) l
—t = E }w — ]r;_"r"; -
o 7T/
271/ T4
Hinh 8.3

245



Dé xac dinh ham tuong quan ding phuong phap lidy trung binh theo
thai gian trong khoang tit ~T dén +T cta tich x(t)x(t +7) nhu & hinh
8.3a. Tich nay chi khae 0 khi |7|<T,.

al o' aZ[ lr|kh1 |r|<T“
R (D) 2TqTx(t)x (t+0dt= Tl il > (8-12)
Bién ddi thanh Fourier cia (8-12) :
S a’T5 S wTy ,wTyy? 613
@ = oy [T/ T

T cac bifu thue (8-11), (8-12) va (8—1J3) thdy réng, dai lugng ngiu
nhién t, khong cd & day, nhu vay cdc ham p;(x), R(r) va 5w} la cac
ham khoéng ngiu nhién cia tin hiéu ngiu nhién.

%.2.3. XUNG LY TUONG

1
Trong trudng hgp trén, néu a = T khi T, — 0, ta cd xung don vi
0
tic déng vao thsi diém ngau nhién t; :
x = St - ty (8-14)

Khi T, — 0, td (8-12) va (8- 13) ta co :

R(T) = T a(T) , {(8-15)
. 1
S (w) = ST - (8-16)
R(T) AS,(w)
R
H 27
37¢
<a
T &)
T
al b)
Hinh 8.4

DS thi R(7) va S{w) nhu & hinh 8.4a, b tuong dng, vi mat d¢ phd
khong phu thudée tin s6 nén tin hiéu nhu vay tuong vdng véi on trdng
ma nang lugng dugc phan bd déu cho moi tan s6.
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8.2.4. ON TRANG LUONG TRI NGAU NHIEN GIA

Tin hiéu 6n trdng thuong dung trong nghién cdu hé ngiu nhién. Viéc
tao nén nguén tin hiéu nhu vay cd nhiéu han ch& Ngudn tin hiéu tién
dinh ludng tri dugc thuc hién don gian nhung vé tinh chat lai rdt gan
v6i tin hiéu 6n tridng ludng tri. Nhitng mdy phat tin hiéu nhu vay lam
viéc theo mach vong ghi quay véi khau cong theo moédun 2 nhu & hinh
85a cac 6 : 1, 2,... k.., n la phan td ghi quay dugc ghi 0 hay 1 va sau
méi nhip Ty tri s6 ghi & 6 i dugc chuyén sang 6 (i + 1). '

0
y=_IJ
/ 2 F————= k p———— = n R -
[-7
& 1]
a) ' (s '
2
{ Trang thai o’ thai diéim lro
i£10123456]—785
,\!1151_00 10 |1 1____—_100
Q| 1
Lz-i]ii;aozo:rro
\"“G —— ___‘! r _t - i — — R—
S 31 1|1 lolalrio|1{1]
: o —
b) Zjojo|rjolr|si1|o]o]
X
L=
.—-;._ ] 7 R {1
(A 1 . L L—,{;.

¢)

Hinh 8.5

Mach vong dugc khép kin & bd cong theo mod 2 va ghi "0" néu 6
k vA n ¢ cung gia tri (0 va 0 hay 1 va 1) ; ghi "1" néu 6 k va n cd
gia tri khac nhau (0 va 1 hay 1 va 0). O dau ra, c6 bo bién d6i tuyén
tinh R kidu role hai vi tri dé bién d8i tin hiéu vao y theo quy luat
x = 2y - 1.
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Hay khéo sat truong hop gidn don : n = 3 va k = 2. Gia st lie
ddu cdc 6 déu ghi trang thdi 1, & 6 cdng sé thuc hién phép cong mod
2 va ghi 0. Sau nhip T, s6 0 dude chuyén vao 6 1 con d 6 céng mod
2 lai xudt hién s6 0 nhu la tdng cia hai 86 1 ghi 6 6 2 va 6 3. Cu
thé&, sau méi nhip Ty cdc 6 nhd ghi tri s6 mdi va & 6 1 xudt hién két
qua cong mod 2 cia cac tri s6 ghi & 6 2 va 6 3. O bang ghi (hinh 8-5b)
co cac tri s6 dugc ghi 6 céc 6 1, 2, 3 va 2. cAc thoi diém 0, T,
2Ty, 3T,.. Theo bang ghi va hinh 85c ta thdy rdng, sau thsi gian 7T,
thi qud trinh lap lai.

Chu ky T ecua cdc xung néi tigp dude xac dinh boi :

T = NT, = Ty 2" - 1) (8-17)
vsi n la s6 lugng cic &6 nhd.

50 luong 6 nhd cang lén, chu ky cang tang va tin hiéu x cang gin

vdi 6n trdng ludng tri. O vi du trén :

Khi n=3tacd T = Ty2-1) = 77,
n =4 T = T,2*-1) = 15T,
n =5 T = T,2°-1) = 31T,
n =6 T = Ty2°-1) = 63T,
n =7 T = Ty2'-1) = 125T,.

Trong mét chu ky, 0 lugng xung dudng béng :
n, = (N + 1}2 ; econ xung dm : n. = (N - 1)2
Do d6 tri 8§ trung binh la
T
1 n
"ff x(tydt = ——— a = — (8-18)
(1
Ham tuong quan cua tin hiéu ludng tri ngdu nhién giaA cd dang

nhiing xung tam gidc d6i xing qua truc tung cdch nhau mot chu ky T
nhu ¢ hinh 8.6a.

Trong khodng |7| < T/2 :

248



<1+§~><1—|%;|>—ﬁ,

1 - N
- ﬁ voi 1< | TI‘;' < E

2 LS
R(@) %{—1+(1+—) 2( /":T‘)zcoskwor (8 -20)
k= —co
VR (7)
7 = g

b)

Hinh 8.6

Sau khi xac dinh mat d6 phd cia méi thanh phidn cta ham twong
quan, ké ca thanh phidn khéng déi ta cd :

Sy(@) =”—N2—‘E{ (1+i) (sm -—/ ) 1*(w) — (1 —%) é(w)}; (8-21)

o 27
trong dé @) = 2 - ko) ; Nog = T,y -

k= — e

Khi N = T/T, >> 1 :

S(w) =

7 a’T, T
o {(smu/ 5 ) 1*((9)—6(@)} . (8-22)
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Bi€u thdc (8-22) la phd gian doan cua cong sudt vdi duong bao nhu
mat d6 phd cua xung don vi, do rong T, va w, = 27/(NT,), v6i dai thong
tdn tuong ng v6i thanh phdn khéong d8i (khi k = 0 hai ham & trong
ddu 6m bu cho nhau) ; khi T < 1 mat d6 phd cta tin hiéu nhu vay
vdi d6 chinh xdc cAn thiét (5%) tuong duong véi 6n trang.

83. THOI GIAN TUONG QUAN TRUNG BINH VA DAI TAN
TRUNG BINH CUA TIN HIEU NGAU NHIEN

D6i v6i nhitng dac tinh gdn ding ctia tin hiéu ngdu nhién, déi khi
dung dac tinh tuong duong dang chit nhat dé xdc dinh gin dung ham
tuong quan va mat do phd. O trudng hop 4y, trong khoang 7| <7,
Rgy(® = R(0) va khi |7| >7, , Ry(® = 0 tuong tu nhu vay déi voi
mat do phd : Sw) = S(0) khi |w|<w, va S4w) = 0 khi
|w|> w,. Dai lugng 7, w, thé biéu thi qua tri s6 da biét R(0) va S(0)

1 - @
R(O) = o~ I Sa(@) do = 8(0) — (8-23)
S0 = [ Rymdr= R(0)2r, . (8-24
\R.(T) AS, (w)
SM (w)
@, @
Hinh 8.7
Tiu cac biéu thic trén ta cd

7, = S(0)/2R(0), (8 -25)
w, = nR(0)/S(0), (8 -26)
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véi Tywy = w2 = const, (8-27)

Tu (8-27) thay rang, néu ham tuong quan cang réng va thoai thoai
thi nguge lai dudng cong clia mat do phé cang hep va cang nhon (va
ngugc lai).

D6 1a mdi quan hé tuong hd gilta cdc dudng cong theo bién d8i thuan
vad nghich cia Fourier. Trudang hgp dic trung nhu ¢ hinh 84.

Vi du 8-1 Xac dinh w, vd 7; cia tin hiéu x(t)

c6 R = ae “I%H |
2ca
Sfw) = .
X a2+w"

9
Trong trudng hop nay R(®) = a va S(0) = - Theo (8-25) va 8-26):

1 .
Ty = 4 vawy = ma/2. D6 thi R(@), Ry va Siw), Sylw) nhu & hinh

8.7a, b.

8.4. HAM TUONG QUAN TUONG HO VA MAT PO PHO
CUA TIN HIEU NGAU NHIEN

Khi cd hai hay nhiéu tin hiéu ngdu nhién, cin biét méi quan hé lan
nhau gilta ching. DS 14 mat d6 phan bS hén hop p, = pylxy, t; ;5 ya
t;), ham tuong quan tuong héd ny(t) vAa mat do phS tuong quan tuong
hé 8, (jw).

Né&u ham tuong quan tuong hd cda hai tin hidu ngiu nhién bang 0,
cac tin hiéu dy khong tuong quan nhau. Midc d6 khong tuong quan cua
tin higu la chi s§ vé su khdc nhau ctia ban chft su xudt hién va thubng
chiing minh cho su doc lap theo tinh théng ké& thé hién nhu sau :

v&i tin hiéu ngiu nhién dung :
x = x(t) 3 ¥y, =yt + 1. (3-29)

Ham tuong quan tuong hd xaec dinh theo trung binh tap hop theo
mat dd phan b6 hén hgp cd dang :
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o )

Ky(® = _[ dxl_[ XY2P2(X1 5 ¥2) dyz - (8-30)

Ham tuong quan tuong hd xde dinh theo trung binh theo thdi gian
ddi v6i cdc tin hiéu ngiu nhién ding x, y 1a :
LT
Ry} = lim T x(tiy(t + D dt . (8-31)
T =T

D&l v8i cdc qua trinh écgodic, (8 -30) va (8-31) cho clung k&t qua :
R (7} = Ko
Fi du 82 Tin hiéu ngiu nhién ding x(t) cla qud trinh éegodic duge ghi
trén bang ti va dugc phuc héi lai sau thdi gian t;. Tin hiéu phuc héi
dy la y(t) = x{t - t;). Hay khao sat mét vai tinh chdt cua ham tuong
quan tudng hé cla cdc tin hidu x(t) va y(t).

Thee (8-31) :

T
Ry(® = lim % Xyt +T—t)dt=R(T—t) . (8-32)
T -T

—iE

Ham tuong quan tuong hé ecing 14 ham tu tuong quan duge dich
sang phai mét dai lugng t;. Vi ham tu tuong quan cd cuc dai & gdc truc,
ham tuong quan tuong hd cd cye dai 6 T = t,.

Né&u thay d8i vi tri cac ham x va y, ta co :
1
Ryt = Tl;r?o '2—T_Tx(t—t0)x(t+1‘) dt =
-

= lim % x(t) x(t + T + ty) dt = R(T + t;) = R (~7) (8-83)
Tosm Sy ' o

Ham tuong quan tuong hé R, (7) la ham ty tuong quan duge dich
sang trai moét dai luong t; va cue dai cia no 6 T = -t,. Nhu viy :
RW(F) # Rw(f).
Mat do phé cia ching tdong dng voi :
Syliw) = e 0 Sw) ;
. ol - (8 -34)
Syx(JW) = &0 S (w)
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Vi du 8-3 Khdo sit hai tin hidu didu hoa véi gid tri ban ddu clia pha
la ngAu nhién vdi cac tdn s6 khac nhau.
x = X sinlet + «),
¥y = Y sinlwst + f).
Theo (8-31) ta cd :
Ro® = Ry = 0,
Sole) = S,lw) = 0.
Diéu a4y o6 nghia 13 hai tin hiéu hinh sin v4i tdn s6 khac nhau
khoéng tuong quan nhau.

Né&u biét ham tuong quan tuong hd va ham tu tuong quan cua hai
tin hiéu x vad y, ¢ thé xdc dinh dugc ham tuong quan cia téng hay
hiéu cda cdc tin hiéu ay.

Néu : z{t) = x{t} = y(t). (8 -35)
thi sau mot vai bién ddi ta cd
R, = R + R = Ry * R, ; (8 -36)

Sfw) = Sdw) + Sylw) * Sy fw) + S,(w)

= S + Syw) = 2RS(w) (8-37)

8.5. DUNG MAY TINH PE PHAN TiCH TIN HIEU VA XU
LY SO LIEU

Phan tich Fourier l1a tdi cd4n trong viéc phan tich tin hiéu vi né cd
thé bién tin hiéu bat ky thanh tin hiéu diéu hdoa vdi tAn s6 khac nhau.
Véi vécto clia sb lidu ldy mdau, phan tich Fourier ¢d dudc bing cach dang
bién déi Fourier gisn doan (DFT).

Bién d6i Fourier nhanh (FFT) la angérit hiéu dung dé tinh mot chudi
bi€n d8i Fourier gian doan khéng phai IA nhitng bién ddi riéng biét, dac
biét cd ich & cac qua trinh dung tin hiéu va hinh anh, khi ding dén loc,
chap, phan tich tdn, udc lugng phd..

Cac ham MATLAB dung cho phép bién déi Fourier cho d Phu lue
D-3.

Vi du cin tim & tin hiéu y ndo dd theo thti gian nhiing thanh phan
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o6 tdn s& nhat dinh da bi nhiéu che khuat (vi du f; = 50 Hz va f, = 120
Hz, nhidu la ngAu nhién c¢d ky vong toan bang 0).
Trong trudng hogp dy ta dung chuong trinh sau :
=> t=0:0.001:0.6;
>> x=sin(2"pi"50"t)+ sin(2"pi*120°t);
>> y=x+ 2"randn(l, length(t));
>> plot(y(1:50))

2t }

-3r

4

_5 ] 1 ] 1 _I
a 1a 20 30 44 540

Hinh 8.8

Thee hinh 8.8 rdt khd nhan ra duoc nhitng thanh phin ¢d tdn =6
ndi trén theo tin hidu nay. Chuyén dd8i sang mién tdn s6 bang cach ding
bién d8i Fourier gidn doan tin hiéu ed nhiéu y vdi 512 di€m cha bién
ddi Fourier nhanh :

>> Y=fft{y, 512},

>> Pyy=Y.conj(¥)/512;
>> =1000"(0:255)/512;
>> plot(f,Pyy(l:256))

Mat d6 phd, thudc do cla nidng lugng tin hiéu & nhitng tan 6 khdc
nhau duge mdé tA nhu & hinh 89
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Vi du 8—4 Khi phan tich vé

60
sy thay déi clia tde déng

nhing v&t den & Mat Troi, 72 |
ngwdi ta da di dén ket luan | ]
la tic déng dy cd chu ky la
11 ndm. Hiay ding nhiung =6 50 r ]
litu dy (s6 litu Wolfer) cia 40l ]
cic nha thién van hoc trong
300 nam d€ rat ra ket luan = 0] 1
nay. 20+ 4
>> load sunspot . dat

14
> > year=sunspot (:,1); w MW
o .

> > wolfer=sunspot (:,2); g 90 200 300 400 500

> > plot{year,wolfer)

i Hinh 8.9.
> title(’So lieu vet

o mat troi’)
56" Jidu véF o Mdt troi
200 T ' T

150 |

jed 7

50}

1700 1820 1900 2008

Hinh 8.10

86 litu Wolfer da dudec nap sdn va duge vé nhu & hinh 8.10.

Bay gio dung phép bién di Fourier nhanh (FFT) d6i voi s6 liéu Wolfer

b
o
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va vé ddc tinh cla cong sudt phu thuéc tdn s6 theo chuong trinh duéi
day ; O hinh 811 1a bi€u d6 mo6 ta chu ky vét Mat Trei

107 Chu ky vEF Mgt tral r197
2 . . . - ~ ! ZI ..... I, ...... i i
i ! : ' : ! i i : i
| ! " i 13 ] r
I j ! '. i ! : : !
! | ' ' | i i | : j
% 3 IO S booemmteme e e P77 SRS N R R
- 1 1 r X . T '
A | . :
. ! ' I ' | ' |
| 4 'I : . : |
I & i | |
SR 1 e T 4 - [ R Ao
! ! ; ! | '
' | ' | g') '
H ! ' ' | g . 1
. il 1 : ! = | :
; ! | | ' | ! i
| P SR || NS L e
I ] 1 | .
. | ! i ' i
| I t i 1
¥, : | H | : .
g lw. Aol | | P ,_L——-\/\i‘w——i
: o -
o 2.7 2.2 ] /0,1? 0.4 a5 p 20 P 10 o
Chu Ky /ndm Chu ki ( Mém [ chut k)
Hinh 8.11 Hinh 8.12

>> Y=fft (wo lfer);

>> N=length(Y);

>> Y(=[];

>> power=abs(Y(1:N/2)) 2;

>> nyquist=1/2;

>> freq=(1:N/2)/(N/2)" nyquist;

== plotifreq, power), grid on

>> xlabel ("Chu kymam”)

> title CChu ky vet Mat Troi)

D& thuian tién hdn, dung s lugng niam/chu k¥ vA mod ti ning

lugng/chu ky nhu & hinh 8.12.

>> period=1/freq ;

>> plot (period,power),

>> axis ([0 40 0 2e7]), grid on

>> xlabel ("Chu ky (Nam/Chu ky)’)
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>> ylabel ("Nang luong’)
Dé xdc dinh chu ky mot cdch chinh xac, diung lénh -
>> [mp index] = max (power) ;
>> period (index)
ans =
11.0769

BAI TAP CHUONG 8§
Bai tdp 8—1 Tim mat do phd cia tdng hai tin hiéu dich nhau mét dai
hiong t,(x () va y(t) = x (t + tg)) néu bist S (w).
BDdp dn :
Theo (8-37) va tinh dén (8-34) ta cod duce

e—j wty + e’ oty

S = 286 [ 1+ | = 28¢@)[1 + coswy ]

2
Bai tdp 8§-2 Tim ham tuong quan cia téng hai tin hiéu khéng tuong quan
nhau x(t) = acos{wgt + «) va y(t) véi ham tuong quan Ry(‘c) =
b2e AlTI
Ddp dn :

Theo (8-36) va tinh dén (8-6) ta o dudc :
2

R@® = R + Ry® = Ez-coswuz' + B BIT|

Ti bi€u thdc nay ta thdy, khi 7 tang, thanh phan thd hai giam con
bién dé dao dong ctia thanh phan thd nhit khong d8i. Néu x{t) 1a tin
hiéu ed {ch cdn y(t) la nhidu, cd thé thdy ring bing cach thay d8i ham
tuong quan cla téng Z v6i T 16n cd thé lam xudt hién tin hidu c6 ich
X trén nén cia nhiéu e¢é cudng d6 lén y.

Bai tgp 8-3 Xac dinh phé cia mot chubi 512 di€m ldy trong 2,56 sec
ti ham :
y = 0,2cos(2xf,t) + 0,35sin(2fx,t) + 0,3sin(2nf;t} + nhiu nglu nhién

voi f; = 20 Hz, f, = 50 Hz va f, = 70 Hz. Nhiéu ngdu nhién cé phan
b6 chudn vdi d6 léch chudn 0,5 va tri s§ trung binh bang 0.
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Ddp dn
>> f,=20; f,=50; f;=70; nt=512; T=2; dt=T/nt; df=1/T;
>> fmax=(nt/2)"df; t=0:dt:nt*dt; tt=0:dt/25:nt"dt/50;
>> y=0.2"cos(2"pi*f1"t)+ 0.35°sin(2"pi"f2"t)+ 0.3"sin(2"pi*f3"t);
>> yy=0.2"cos(2"pi*fl"tt)+ 0.35°sin(2"pi"f2"tt)+ 0.3"sin(2"pi*f3"tt);
>> y=y+ 0.5 randn(size(t)); yy=yy+ 0.5'randn(size(tt));
>> f=0:df:(nt/2-1)"df:
>> figure(l);
>> subplot(211), plot(tt,yy)
>> axis ([0 0.04 - 3 3))
>> xlabel(’thoi gian sec’); ylabel(’y’)
>> yf=fft(y); yp=zeros(l,(nt/2));
>> yp(l:nt/2)=(2/nt)"yf(1:nt/2);
>> subplot(212), plot(f,abs(yp))
>> axis ([0 fmax 0 0.5])
>> xlabel(’tan so Hz’); ylabel (’tri tuyet doi (DFT)’);

O hinh 8.13b, cac tan s6 20, 50 va 70 Hz da duge lam r6, méac dau
c6 nhiéu ngiu nhién, khac v6i tin hiéu géc & hinh 8.13a.

§
= -
§
=

-2 j
a) Y. ] S E— — 1 e 1 L — _v‘.l._._. e

0,2 |

a7 | !
, MJW

a 20
b) Jdrm s, Hz

Hinh 8.13
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Bai tip 8-4 Xac dinh DFT cia mot chubi gém 64 di€m da duge lugng
td hda ti tin hiéu c6 chu ky la 8 sec. Bién do cta tin hiéu bang 1 va
sau 0,5 sec no bang 0.
bdp dn :
O hinh 8.14 ta thdy phd tdn la lién tuc va tri s6 cuc dai ¢ gdn gdc
truc véi tdn s6 bang 0.
>> y=[ones(1,5) zeros(1,59)];
>> nt=64; T=3§;
>> dt=T/nt; df=1/T;
>> fmax=(nt/2)"df;
>> f=(:d{"(nt/2-1)"df;
>> yf=fft(y); yp=zeros(l,nt/2);
>> yp(1:nt/2)=(2/nt)*yf(1:nt/2);
>> figure(1); bar(f,abs(yp))
>> axis ([0 fmax 0 0.2]);
>> xlabel(’tan so Hz’);
>> ylabel(’tri tuyet doi (DFT)");
Vi tin hiéu 1a bac thang khéng chu ky nén bién dé cia DFT phu

thudc chu ky lugng ti (so sanh v6i hinh 8.3 & tin hiéu xung chit nhat).
02— - AN | S

o
—

tri tuyet doi (DFT)

005 JE&
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Chuong 9
HE TUYEN TINH vVOI TAC DONG
NGAU NHIEN DUNG

9.1. TIN HIEU NGAU NHIEN QUA KHAU TUYEN TINH

Néu biét x(t) 6 ddu vio cla mot khau tuyén tinh cd ham trong lugng
w(t) thi tin hiéu ra dugc xem nhu dap Ung cia khau & véi tdng hop
cac xung x(t ~ 7;) cd dé rong dz; nhu & hinh 9.1a, b. Nhu vay tin hidu
d ddu ra khau tuyén tinh 1a

o0

y®) = [ wrx(t - 7,) dr,. (9-1)
la)
AX
xCE) | Wija) | 2T) \"’\—\
—_ . &7
R cry ™ for—{ ¢
Fery LX) = A [ L
S,(t) Rx_y(r) 4 2 \,\/
sx_y(j““')
a) b)
Hinh 8.1

Ph8 cta tin hiéu ¢ ddu ra
Yijou) = Wije) X(w) (9-2)
vai X(w) va Y(jw) la bién d8i Fourier cia x{t) va y(t).
Né&u § dau vao cfa hé cd tin hidu nglu nhitn ding tic dong ma
dac tinh théng ké cua ching R(7) va S w) da bist thi, theo (9~1) va
(9-2) cd thé€ tinh dac tinh théng ké cua tin hiéu & diau ra.
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9.1.1. BIEN bOI HAM TUONG QUAN

Ham td tuong quan cia tin hiéu ngiu nhién ditng & ddu ra cla
khau tuyén tinh duge xic dinh bdi :

T
1
R,(@) = Tlirm 3T y(t)y y(t + 1) dt.
—00 _T
Thay yi(t) tu (89-1) :
1 T ' o
Byp = lim o | wE) xt - 7)) dr, [ wizy) x(t - 7, + 1) drydt

= -T Q

=] =3 (9_3)
= [ wapar[ wa) R+ -t dr, .

o] day R, (t + 7 - 7,) 1a ham tu tuong quan cda tin hiéu dau vao :
1 T
R+t 1) :Tlim op ) Xt -t +T-7)dt. (9-4)
— T

Ham tuong quan tudng hé cia x(t) va y(t) dude xdc dinh tuong tu:
- °°
Ry@® = lim ox _Tx(t) dt £ W) x(t +T— 1) dr, =

" 9-5
Ry@® = [ wm)R(r-7)dr - o

Biéu thic (3-5) c¢d ¥y nghia thuc t& rdt quan trong : Néu § dau vao
cia khau tuyén tinh cd tin hiéu 13 6n trdng don vi thi ham tuogng quan
tuang hd R, (T) sé bing ham trong lugng cua khau tuyén tinh 4y. Thuc
vay, vi néu x(t) la én trang, nghia 14 R(r — 7;) = (T ~ 7)) va tit (9-5)
ta cd :

-ny(t) = w(T). (9-6)
Vi du 9+ Tim R(7) va R, (v) & ddu ra cla khau quan tinh véi :
1 -
e To khi t = 0
w o= TD
0 khi t < O

néu & diu vao la on trdng véi R(7) = a’8(7).
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Trong trudng hop nay, theo (9-3)

2 x T o
a - 1T, =TT,
R, = —q_[ e ”drl_[ e V(T + 7 — Ty dr, =
’ Tl) a o]
L
a? ot le o néu T+717; =0
- —— e 8] T, =
Tﬁi 0 néu TH1T, < 0
=TI T
S 1 f e T dr, khi 7> 0
_ _"?; ) I _
T | B
O 1fe ®  dr, khi <0
-1
_ T
] b
a® e 0 nduT>0 a® - ¥,

e {9-7)

=27, 1.0 e =31
0 e néu 7 < 0 =iy

Theo (9-5) hay (9-6), xdc dinh ham tuong quan tuong hé R (1} :

=3 2
a“ ~Tyr a =T
- 0 — - — o —
Ry® = j e V- mdn=goe 0. (98
3]
Dac tinh 8(7 +7, - Ty A
va w(tr;) cho trudng hop : T
T+7, > 0 vAa T+ 1, < 0 ML N g )
nhu & hinh 92a, b Nhu vay [ - ]’ )
- | T &
do ham tuong quan cua tin Yy T
[ - b
"hidgu g ddu vao vaA rta cda |
) o L e
@au tuye’n tinh kbl dat -U CLTrT -0 ) winy  Teg<u
dau vac tin hiéu gin voi On } S
trang cd thé xae dinh duge L . \‘_‘“—__\-—_______'r_,_
ham trong lugng cua khau o Tl l""
ay. Hinh 9.2

9.1.2. BIEN POl MAT PO PHO

Khau tuyén tinh c¢d diac tinh tdn W(w) va tin hiéu ddu vao alt), cd
ham ty tuong quan va mat dé phd R(T) va S(w) Hay xac dinh mat do
phd S,(w} va S (jw).
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Bi€u thic d6 tan ecda tin hidu x{(t) dugc xac dinh bdi
R(0) = D, + m}.
voi m, la tri s trung binh (ky vong todan), cha x.

Gia thiét m, = 0 ta co :
1 *®%
D, = R(0) = g_f S, (w)dew. (9-9)

Trong thuc t€, ham x(t) dang hiiu han :

x(t) , khi |t]|< T ;
0, khi {t| > T

Véi X (w) la phd cia xp(t) :

X.l.(t) =

o &0

XrGe) = [ ™ xptydt=[ e x(tydt .

Theo cong thdc Parceval :

ko k== o2

_j x4(t) dt :_Lx?(t) dt = %j | X o) | 2 deo

Sau khi chia cho 2T va ting T — =, ta cd :
T

lim — ’ﬂtdt—ifr —~1—|X' | 2dw  (940)
S 2'1‘_,1."() = o J Jim gpid(e|de

V€ trai cia (9-10) ing v8i d6 tan D, khi m, = 0 nén :

1 &1 s
D, = o _[ lim ﬁlX—I-(_]wl‘dw =

— 0 [
SN | 2
= {rﬂinmﬁ|xl(]w| dev .
So sanh i -10) va (9-9) ta co
. 1 oy 1 , .
Sde) = lim o | XpGe) | = Jim o Xpe) Xy(je) . O-11)
Nhu viy mat dd ph8 xac dinh cdong suit cia qud trinh ngdu nhién.

Mat d6 phd R, (jw) tuong Ung vi (9-11),

: o1 : :
Syliw) = "llgl; ﬁYT(Jw)XT(_}“)'

263



Sau khi ding phuong phap bién d8i gian don ta cd

Y (e
Syw) = lim Xy im TIXTUw|2 (9-12)
Yr(w)
m g T
Theo (9-11) va (9-12) ta cé :
Sliw) = W(je)S(w). (9-13)

Mat dé phé tuong quan cta tin hiéu vAo ra d6i v6i hé tuyén tinh
bang tich cia mat do phé tin hiéu vac vai dac tinh tan cua hé.

Tuong dng véi (9-11) cd thé vist :

Sylw) =TEZL %[YT(ij . (9-14)
Sau khi ding mét s6 bién déi gidn don ta cd :

S,w) = lim ET_(:'@ Hm o Xp(—jw) Y(jw) . (9-15)

. T XT( @) T 2T

So sdnh (9-12) va (9-15) ta c6
S_v(w) = Wi{-) Sx},(iw}. (9-16)
Mit dé phS ctia tin hiéu ra cta hé tuyén tinh bang tich cia mat
d¢ phd tuong quan v6i dac tinh tdn phie hop cua hé.
Ta (9-11) va (9-16) néu loai Sxy(iw} ta cd quan hé gita mat dod phd
ciia tin hiéu vao va ra :
Syw) = | W(jer | ?8 (). (9-17)
Mat d6 phd cha tin hiéu ra cia hé tuydn tinh bing tich cta mat
do phé cda tin hiéu vao vai binh phuong cia médun dac tinh tdn phan
tuyén tinh cda ha.
Cac bi€u thic (9-13), (9-16) va nhit la {(9-17) c6 vai trd rat quan
trong khi khdo sat cidc qui trinh ngdu nhién trong cdc hé tu dong.
Céng sudt trung binh cua tin hiéu ¢ ddu vao vA ddu ra cta khau
tuyén tinh dude x4c dinh bai :

x3t) = R(0) = — f (@) do = — jx(w)dw, (9-18)

- )
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2 _ 1"
FA = RO = o[ Sw)dw =
Le (9-19)
=7 [ IWGw) | *8@)dw .

Bi€u thic (9-19) dung d€ tinh sai $6 quan phuong & cic hé tu dong,
trong trudng hdp nay W{jw) la ddc tinh t4n tao lien hé giita tin hisu
vao va tin hiéu sai léch ctéa heé.

Vi du 9-2 Xac dinh Sy(w) va Sy(w) & dau ra cia khau quan tinh o

ham truyén dat W(w) = néu d ddu vao 1a 6n trdng v6i mat

1+ jwT,
40 phd Sw) = a’. Theo (9-17) va (9-13) ta 6 :
a’ . a’
Sy(w) = 1—;';0—2—%, Sxy(]w} = m (9-20)

Dung bién ddi nguge cia Fourier ddi voi (9-20) ta cd két qua nhu
(9-7) va (9-8). D& xdc dinh cong sudt cda tin hiéu, ta ding (9-18) va
(9-19) :

2t) = Ry(0) = a’d(0) — o

(t) = RJ0) = a%(0) 0-21)
2

) = Rfo0 = -

Y ) 2T,

Tu dé nhan thdy rdng céng sudt clia &n tring ly tudng la vo cing
lon, vi ring On tring véi ham tuong quan 13 ham &, 1a khii niém toan
hoc tritu tugng chi it nhiéu gdn véi cdc tin hiéu thuc. Tuy nhién cong
sudt cia tin hiéu sau khi cho 6n trdng di qua khiu quan tinh cing nhu
dai tdn trung binh ctia né 1A hitu han va tuong dng voi cdc tin hisu
thye t€ quan sat duge.

9.1.3. BIEN POI LUAT PHAN BO

Khi tin hiéu ngdu nhién di qua khau déng hoc tuyén tinh, khong
nhitng phé ctia tin hiéu ngiu nhién thay ddi ma mat dé phan bé cua
ching ciing thay d&i. Viéc xdc lap luat phan bé xdc sudt tin hiéu ra khi
biét dac tinh théng ké cua tin hidu vao ndi chung rdt khd khan.

Chi cd hai trudng hop riéng, quan trong va thuong gap la cd ddp
an gian don
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1- Néu xi{t) ¢ phan bé chudn, bién déi tuyén tinh cua nd cling co
phan bd chudn. Thong sd trong truvng hgp 4y la moémen bac mot M{yit)}
duge xdc dinh bang ciach nhan momen bic moét cia tin hidu vao M{xit)}
vdi hé s6 khuéch dai cia khau tuyén tinh ma né di qua, ebn mémen bac
hai M{yz(t)} theo bidu thie (9-19).

2- Néu x(t) 1a tin hiéu diéu hoa c¢6 pha ngiu nhién. Tin hiéu ra y(t)
cing la tin hiéu diéu héa, nghia 14 dang cia mat do phan bo khéng d8i
nhung chi thay d8i bién do :

Yo = [ Wie | X, (9-22)
trong d6 w la tdn s6 cuia tin hiéu diéu hoa c6 pha ngdu nhién W({w) la
hé s6 khuéch dai phic cha khau tuyén tinh ; X la bién 46 cia tin hiéu
VA0.

Mot dac diém quan trong cda bién d8i tuyén tinh 13

Dinh Iy cudn (2-11 [19]) ¢d dang :

e+

yt) = I w(D) x(t — 1) dr .

3]

Tich phan trén duge chia ra tung khoang nho (0, 7)),.., (T}, T5),...,
Ty, Tiyy)s..- Dung dinh Iy ldy trung binh ta cd :

% Th+1

=)
yt) = 2 x{t— 1) 2 w@dt = 2, & (9-23)
k=0 Ty k=0
T+
ma : 5 = x(t—r;)J w(T) dr, (9-24)
k
Ty € Ty € Ty Ty = 0.

Phan dudi ddu tich phan dudec chon sao cho dai lugng ngiu nhién
x(t — 7)) ciing nhu &_ khéng phu thuéc nhau. Khi d¢ yit) la tdng cia
mét s& v6 clng lén nhiing dai lugng ngdu nhién doc lap theo tinh théng
ké.

Ti (9-23) od thé khing dinh ring, néu x(t) cd phan bd chuian thi
qua trinh y(t) cing chudn vi tdng cla cdc dai lugng ngiu nhién cing sé
ed phan bd chuin.

Hdn nia, dinh ly trung tdm toi han (dinh ly Liapunov) khidng dinh
rang phan b cua téng mét s lon cdc dai lugng ngiu nhién khéng tudng
quan nhau sé gin vdi phan bd chudn, ngay ci khi phan bé eda tiung dai
lugng khong chuan.
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Diéu kién dé dinh ly trén duing la cac dal lugng tdng o6 phan bhé
gidn nhu nhau, nghia 14 do tdn cGa bdt o thanh phan nao cting khong
vugt qud mot cach diang k& do tdn cda cde thanh phan khac. Diéu kién
dd thuc hién duge néu chon duge mot s6 khoang N tuong déi 16n khong
phu thudc cd tinh théng ké v6i nhau (Ary, = 7., - 7}), saoc cho tha
khoang tu 0 dén 7y ham trong luong khong giam gqua nhanh.

Noi cdch khéc, khi tin hiéu ¢S phan bé bat ky pj{x) di qua khau
tuyén tinh thi 36 xay ra qud trinh chudn héa phan bd cta tin hiéu ra
p,'y), nghia 1a p,(y) tién dén phan b6 chu&n néu ham trong luong cuia
d6i tuong w(r) gidm cham, con ham tuong quan cia tin hiéu ra RJT)
ngude lai, giam nhanh .

Vi du 9-3

Khau quan tinh : Wis) = (9-25)

_1+sTl

cd tin hiéu vao la 6n trang ludng tri, cd bién dé a va do rong cha
xung nhip la T, Néu T, = 0 thi mat d6 phan b6 cia tin hiéu ra piy)
14 hai ham delta {nhu & hinh 9-3a) vi trong trudmg hdp ay yit} = x(t).
Néu (9-25) c6 T, = 0 thi y(t) sé di qua cac gia tri trong khoang (-a,
a). Phan bé p|(y) trong khodng -a < y < a khac 0 va cd thé khao sdt

biang mo hinh trén may tinh,

O hinh 9.3b ¢6 mat d6 phan b6 cia y(t) khi T, = T, Phan bd can
thigt con xa véi phian bé chufn, vi thanh phan &, con bé bal w(r) tat
nhanh. Khi 7 = T,, cdc dai lugng 6n trang ludng tri x(t) v xit - T
khong tudng quan nhau va truc T duge chia ra thanh cic khoing AT = 0O
Cac tri s6 x(t - 7)), x(t - T,)... cia tin hiéu vho nhan véi dién tich 8§,

S,... trong khodng tuong dng :

Tk

(Sk = I W(f)dr)

Tk—1
tac nén thanh phan &, &,.. ciha téng (9-23).

O hinh 93¢ chi cé ba thanh phan &, &, £, vi modun cha nhitng
thanh phdn khdc bé hon thanh phdn thd nhdt hon 20 lan.
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x(t- 5) X

1 7wt
T

R r

T =

Hinh 9.3
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O hinh 9.3d ¢6 py(y) véi T, = 4T, ; phan b6 gdn nhu phan bs déu,
86 lugng & la 12 ; £, bé hon 5% cla &

Khi T, = 8T,, phan b6 p,(y) nhu & hinh 9.3f. O hinh v& 6 tri s6
0y xac dinh theo (9-19) theo hé s6 khué&ch dai phic da cho (9-25) va mét
dd ph8 cta 6n tring lhudng tri (8-22) .

20 2
1 , . wTy wT, 2
%5 = I |tim,| *Tln 5/ 5)
2
_ar _ _ o Ty (9 -26)
= T, [Tu Tl(l e )]
Vai T, = 8T, theo (9-26) tinh duge
6y = 043 a. (9-27)

O hinh 93f dudng nét ddt cd phan b6 chuin. Nhu vay, dé chudn
héa mat d6 phan b6 cia tin hitu qua khau tuysn tinh, thi cac dai lugng
& & (9-24) phai mang tinh chdt ngiu nhién. O vi du trén, tin hidu ngiu
nhién gid ludng tri sau khi qua khau quan tinh voi hang s6 thai gian
T) > 8Ty cd thé cé tin higu ra v8i phan b& chufn.

9.2. CAC BAI TOAN KHAO SAT VA TONG HOP HE
TUYEN TINH VOI TAC DONG NGAU NHIEN DUNG

Khao st moét hé tuyén
tinh (hinh 9.4) v6i ham

trayén Wis), ddu vao la tin £t

hiéu x(t) gém c6 hai thanh

phan : u(t) la tin hidu lam u (i)

- . n . () W(S)

vitke ¢0 ban cia hée va fit) x (t)

1a nhidu. O déu ra cda he
c6 tin hiéu y(t). D6 véi mot
hé nhu vy c6 th€ c6 hai
bai todn dugc dat ra nhu dudi day.

Hinh 8.4
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9.2.1. NHAN DANG POI TUONG TUYEN TINH THEO PHUONG PHAP
TUONG QUAN

Nhan dang la xac dinh moé hinh toan hoc cia hé nham danh gia cac
dac tinh tinh va doéng ctia hé. Trong trudng hop nhan dang cac dac tinh
dong cua d6i tugng, nhiém vu bai toan la theo f(t) da cho va y(t), xac
dinh W(s). Khi nhan dang, "nhiéu" f(t) lai 1a tin hiéu co ich con tin hiéu
lam viéc u(t) tao nén sai s6 trong viéc xac dinh thong s6 cua hé, cho
nén khi nhan dang cang giam Anh hudng cta tin hiéu lam viéc u cang
tot.

C6 nhiéu phuong phap nhan dang déi tugng tuyén tinh [15], & day
chi dé cap dén phuong phép tuong quan, cd s& trén bi€u thic (9-6). Nhiéu
thiét bi nhan dang dugc thuc hién theo hai nguyén tac dudi day.

9.2.1.1. Xdc dinh truc tiép ham trong lwong cia d6i twong

Theo phuong phdp nay, néu dua vao hé tin hiéu 6n trang thi ham
tuong quan tuong hé cia tin hiéu vao va ra trung véi ham trong lugng
cia hé. Nhu vay, ¢ phuong phdp nay dung bd tuong quan nhu & hinh
9.5. D& loai trit anh hudng cta u(t) déi véi két qua xac dinh W(t), diéu
kién can la én trang f(t) khong tuong quan v6i tin hiéu lam viéc u(t).
Diéu do c¢6 thé thuc hién duge vai f(t) 1a tin hiéu ngAu nhién giad ludng
tri (8.2 4 chuong 8).

F(t)

Hinh 9.5
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Truong hgp nay f(t) hay f(t -~ 7) cho hai gia tri *a nén co ciu nhan
¢ bd tuong quan kha gidn don va duge thuc hién dusi dang role déi cuc
cia tin hi¢u y(t). Do tré cta tin hiéu ludng tri T = kT, ¢ thé thuc
hién dugc bang cich ldy tin hiéu ti mét cia n - 1 ddu ra cia phan ti
tré & bd ghi quay (hinh 8.5a).

9.2.1.2. Xdc dinh ham trong luong cia dd'i tuwong theo hé so
ciia ham truc giao

D& c6 ham trong lugng phan tich theo cdc thanh phan truc giao,
trudc hét cdn xac dinh dang cla cac ham truc giao g,. Néu chon cic
ham nhu vay thi khi dung cic khau Gy(s) va dua vao diu vao nhiing
tin hiéu xung, cd thé tu dong xdc dinh cdc hé s6 C, cia w(t) theo ham
truc giao dy nhu & hinh 9.6. Truong hop nay f(t) cing la 6n tring ngiu
nhién gia va tich phan dugc thuc hién trong ca chu ky 2T = NT,.

Hinh 9.6

Khi nhan dang cdac dé6i tudng cd dac tinh 1a cidc khau quan tinh,
ham truc giao dugc chon 1a cac ham Laguerre. Ham Laguerre bac k :
I (yt) dudc mé td nhu sau :

o 2k—1k”f_1)i
lL(yt) = e -
kY ¢ -2‘0 i[(k—i)!]?

yiyt) = e véi k = 0 ; L(yt) = e [2t - 1] voi k = 1.
0 1

k
<, (9-28)

¢ day y la hé s6 ty lé xich.

Cac ham Laguerre v6i k = 0, 1, 2, 3 nhu & hinh 9.7a, mé ta qua
trinh phi chu ky v6i cic nghiém thuc va lap ; khi t — o ching tién
dén 0 & vung cdc tri s6 duong, con s6 lan d6i ddu bang k ; ching truc
giao nhau va tuyét déi kha vi.

Bién ddi Fourier cia cic ham Laguerre (9-28) cho :
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.o}

L(Q) = L, (Ji”y—) = [ Lot at =

— oo

iy —jo) . . :
= — == | Ly(GRQ) | exp{(2k+1) x jarg L,(GR) | . (9-29)
(}) + jr.u)k+1 | 00 ) | p{( ) jarg 00 ) }
tuong ung v6i khdu quan tinh pha khéng cuc ti€u bac (k + 1). Bi€u d6
LG =|LyG) | exp{(?.k +1) xjargLo(jQ)} khi 0 < Q < « nhu & hinh
9.7b.

(A
!

493
08}
a7H\ [,

1

-7 7 =
K LOa

b) =

Hinh 9.7

L

272



O hinh 96 wvoi Gi(s) la cdc khau ham Laguerre ¢ ham truyén Lyisiy)
thi & ddu ra s& nhan duge cac hé s5 phan tich ham trong lugng theo
cdc ham Laguerre. Gi4 st ham truyén cda d6i tuong chua bist dang :

m

W) = 2 Cly(s/y). (9-30)
k={)

va ham trong luong tuong ing :

w(t) = > Clyt). (9-31)
k=0

Gia thiét f(yt) la xung don vi, khéng tuong quan v6i u(t) thi thanh
phan cta y(t} 12 dap ¥ng cla x(t) cing khéng tuong quan v&i u(t) va
duge moé ta bdi (9-31), trong khi 4y ti G (s} cd tin hisu L (yt) duge dua
dén bdé nhan.

Do tinh trdéc giao cia ham Laguerre ta c6 :
2 [ wityltyde = €, . (9-32)
0

va do dd voi thdi gian 14y trung binh 16n thi tin higu t& bé nhan ty lé
voi hé s6 Cp tuong ng.

Néu tin hi¢u f{t) la mot tap hop xung vdi mat do phd Sy{w) = a’
nhu én trang ludng tri thi tin hiéu ldy tir bo nhan sau khi lay tich phan
ty 1& véi a Ck Nhu vay néu cd m khiau tuong dng vdi k tri sd khac
nhau cia ham Laguerre, ta cd thé nhan dugc sau khi lay tich phan m
hé¢ s6 C, cia ham trong higng phan tich theo ham Laguerre.

S0 sdnh hai phuung phdp nhan dang (hinh 9.5 va 9.6) ta thay ca
hai déu cho phép xac dinh dac tinh déng hoec cia d6i tugng trong diéu
kién hé vin lam viée binh thuong vdi dai lugng chudn u(t). Phuong phap
thit nhit cho mét chudi toa doé ham trong ligng vdi nhiing tri s6 7 khac
nhau, cdon phuong phdp thd hai 14 cdc hé sd C, cta ham trong lugng
dugc phéan tich theo ham Laguerre. Phuong phap nay thuan tién doi vai
mo hinh d6i tugng duge md td bing (9-30) khi da xdc dinh dudc cac hé
s6 Cy.

9.22. LOC NHIEU VA BIEN POI TIN HIEU

O bai toan loc nhiéu va bién d6i tin hidu lam viée, nhiém vu la chon

thong s6 khau tuyén tinh sao cho tin hiéu ra y(t) it sai khéc nhat so
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voi tin hiéu lam viéc da dugc bién d6i theo diéu kién bai toan. Véi phd
cia tin hiéu lam viéc U(jw), dinh luat bién d6i c6 thé dugc vist dudi
dang :
Z(jw) = W (o)U(w)

trong d6 Z(jw) 1a phd cta tin hiéu cin c6 & ddu ra, con W (jw) la dac
tinh tdn cta mAu cho trudc.

Néu bai toan chi la loc don thudn, khéng bién ddi tin hiéu thi
W,(w) = 1. Néu cén cd dao ham cta tin hiéu ra thi W (w) = jo. Néu

1
cdn co bién d8i tich phan : W (w) = > Dé tin hiéu ra vugt trude dudc

tin hiéu vao mot thai gian 7, thi W (o) = &%%.

W,,(jw) c6 thé thuc hién

theo nhiéu dinh luat bién f(t)
d6i khac nhau (IN.4.34 [18]) _ «(?) y

’ X W(s)
O hinh 9.8a ¢6 so db . £
khéi ma nhanh trén la hé
théng cdn phan tich W(s), > W (s) %
dau vao la x(t) gébm cé tin a)

hiéu ¢ ich u(t) va nhiéu £Ct) e(t)
cdn loc f(t), con & nhanh - W(s)
dudéi 1la moé hinh méu vai

dau vao u(t) chi la tin hiéu w(t)
cé ich. So d6 khéi & hinh m v(t)
9.8 la so dé6 1y tudng vi b)
trong thuc t& tin hiéu c6 ich

u(t) khong thé tach khoi

nhiéu f(t) (ngudgc lai né&u

tach duge u(t) khéi f(t) thi da khéng cdn dat ra bai toan loc !)

Hinh 9.8

O chuong V phdn tuyén tinh [19] da khao sat trudng hop nhidu f(t)
va tin hiéu cé ich u(t) 1a tién dinh. O day ching mang tinh chit ngiu
nhién, chi biét dugc dac tinh théng ké cta ching. Cé hai cach dat bai
todn tuy thudéc ¢ mic do xdc dinh cta dac tinh déi tugng Wi(s).
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9.2.2.1. Trubng hop 465 teong di biét

Theo mé hinh miu W, (s) va dac tinh théng k& cia tin hidu u(t) va
f(t), xdc dinh cac théng s6 cha d6i tugng W(s) sao cho sai léch quan

phuong P(t) la cuc tiu. Trudng hgp nay lién quan véi bai toan phan
tich.

Sai léch cia hé théng e(t) (hinh 9.8a) ¢ th& vigt dudi dang todn
ta - '
£s) = Z() -~ Yis) = W (0)U(s) - Wis) [U(s) + F(s)] =

[Wm(s) - W(s)jJ Uls) - Wi(s) F(s). (9-33)
Phuong trinh (9-33) tuong ung véi hinh 9.8b. Xem phd c@a tin hiéu
£(jw} (theo 9-33) nhu hiéu cua phé V(ju) = [wm(jw) - W{jw)] UGw) va
E{jow} = W({w)F(jw) tuong dng vai (8-37), ta c6 :
S,@) = S/@) + Syw) - 2ReS,(jw). (9-34)
Ap dung (9-13), (9-16) va (9-17) vao (9- 33) ta tinh dugc :

Se(w) = | WpGw) — Wijw) | 88y(w) + | W(iw) | 2Se) -

—2Re [Wm(jw) —W[jw)}W(—ja))Sfu(jw) : (9-35)
Néu u(t) va f(t) khong twong quan nhau (S (w) = 0) thi :
8:(w) = 8,(@) | W(w) — W) [* + Sdw) | W(w) | 2. (9 ~36)

Thanh phdn thi nhét 13 su sai khac ctia tin hiéu bdi khau W(e) so
v8i m6 hinh miu W _(jw), con thanh phén thd hai 12 do nhiéu.

Biéu thic (9-35) va (9-36) cho phép tinh chinh xdc tri s6 quan
phuong cta sai léch cho bai todn bign d8i va loc nhidu :

- 1
E4t) = -2;“[0 Sy(w) dew | (9-37)

Tich phan (9-37) dugc tinh bing cich xdc dinh téng cia cac tich
phan dang :

JD=

1 I"" b(s) b(—s) 9 -38)

21 4, aa-s)

cho & Phu luc B [19].

Vi du 9—4 Xic dinh sai s6 quan phuong £%(t) khi nhiéu o phd S{w) = a?
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1

tin hiéu e ich §,(w) va hé cd dac tinh tan W(w) =

1+ w?
- 6 hinh miu W_(w) = 1 v6i diéu kién S;(ju; = 0
1+ joT,; ° mé hinh mau W _(jw) = vai didu kién 8; (Gw; = 0.
Theo (9-36) :
1 k 2 > k 2
Splw) = 1+ w? | B 1+ joT, ‘ 1+jTy |
[(1-K)+jeT] [ -k - joTy]
= : : : . + (9-39)
[ +]e) (1 +jeTP][(1 —jo) (A —jeT))]
a’k?

(1+jeT) (1 -joT)
Thanh phdn thd nhdt 1a tich cia hai phian s6 phic hgp vai méiu s6
bdc hai :
ajw) + ajo + ay = Ty(w)’ + (T, + Djo + 1
con td s6 cua thanh phan thd nhat :
bjw + by = Tyje + (1 - k)
Tich phan (9-88) cta thanh phén thd nhat :

biag +bla, T+ (1 kT, T, + (1 - k)?

M = T9ama, | 2T (T, +1) T, +1) (9-40)
Thanh phan thd hai cia (9 -39} tuong Ung véi
2
By = b 2K (9-41)
02 2aga; 2T,
Nhu vay
T +(1 - k) a2
Jo = do + dpp = : (9-42)

2T, +1) 2T,
Thanh phan thit nhit la sai s§ do quan tinh cla hé ma tidn s6 cao
khéng qua dude, con thanh phén thu hai 1a do nhidu.
Vi du 9-5 Vi diéu kién cia vi du 9-4, xdc dinh T, va k tuong dng véi
sai s6 quan phuong (9-42) 14 nhd nh4t.
Vi v6i k < 1, khi tang k thanh ph&n thd nhat cia (9-42) giam con
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thanh phdn thi hai lai tang, cho nén ton tai tri s6 t6i uu cla k ma sai

s6 nhd nhit.

Tri s6 t6i uu k™ xac dinh tit (9-42) :

oeity 1—k+§_2E_0 (043
k T T1-T, T, T )
rI‘l
vay : k = k¥ = : (9-44)

a1+ T) + T,
Tri 8 T, = T", cing xac dinh nhu trén :

et k@-k %k’
0T, 21+ T)* 272

=0 (9-45)

. ak
vay T, = T = . (9-46)
VkE-B - ak
Két hop (8-44) va (9-46) va sau mot vai bidn déi ta oo
k* = 1 - T*l M
a
¥y 1+a" -
Trudng hop riéng, khi cudng do nhiéu va tin hiéu ¢ ich nhu nhau
nghia 1a khi a = 1, ta ed :

(9-47) "
ma T, =

. 1 1 . 1
K=l-wg=esw =y
Khi khong cd nhifuy, 0 = D

tuong ung voi trudng hop hé 1a mot khau khuéch dai voi hé s6 bang 1.
9.2.2.2. Truwirng hop d6i twong W(s} chiu bict
Day la bai tedn tdng hop t6i wu theo do chinh xdc khi tée dong la

ngiu nhién ding.

O trudng hop thi nhdt, cdu tric cia hé da biét, nhiém vu 13 xéc
dinh thong s6 (k va T) tdi uu. Trong trudng hdp nay cdu tric cia hé
tuyén tinh khéng cho truéc nén la bai todn tdng quat.

Bai toin nay duge Kolmogorov A. N. va Winer N. dat ra, sau dd
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Bode G. Shanon K., Pougatsov V. C, Solodovnhicov v.v., Felbaum A. A
phat tri€n va dua vao ting dung.

Hay khiao sat hé didu khién theo hinh 9.8a d&i voi phé £(w). Theo
(9-33) ta cg : -

£ () = W) UGe) - W{o)X(w). (9-48)
chuyén sang mat dé phd, tuong ty nhu & (9-35) ta co :

Sew) = | W(ie) | *S(@) — 2ReWp(u)W(—j @) Sq,( ) +
. (9-49)
+ | Wi(w) | “8y(w) -
Bang cdch thém va bdt o bieu thic trén thanh phdn sau :
Wy 2 1202
Sy(w)
Sau khi bign d6i, ta c6
W) S, (o) | 2
Se@) = | Wle) = —g (v Slw) +
l Sulje | 2 {9-50)

+ |wm0w12[1 - W] Sul@)-

Pé cue ti€u héa S,(w) clng nhu E2t), cdn xdc dinh W(w) sao cho
thanh phan thit nh&t & v& phai cia (9-50) la cuc ti€u. Thanh phan thd
hai thuc va duong,. khong phu thugec W(w) nén viée chon W(w) khong
anh hudng dén thanh pha&n nay.

Vi thanh phan thd nhat ]a mét dai lugng thuc vA duogng nén diéu
kién cuc ti€u la thanh phin nay bang 0 ; tit d6 raut ra diéu kién téi
uu
W) Sy, (o)

Sew)
Né&u nhifu vA tin hidu cé ich khong tuong quan nhau va S;(Gw) = 0

thi 8, (o) = S (w) vd Sdw) = 8§, (@) + Sdw). Trong didu kién &y, (9-51)
cd dang :

W(io) = Wyw) = 9-51)

Wi(i@) Sy(@)

Su@) + Sg@) (9-52)

Wiw) = Wy(e) =
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Nhu vay, néu khdéng c¢d diéu kién rang budc nao dat ra thi hé Wiw)
sé t6i uu theo cuc ti€u cda sai léch quin phuong va bidu thic (9-51)
hay (9-52) cho phép xac dinh W,,(jw). Tuy nhién ddap 4an todn hoc & day
lai mau thuin véi didu kién thuc hién.

Vi du 9—-6 Hiy xdc dinh ham truyén t&i uu W (jw) néu :

Woiw) = 1 ; S,lw) = 5 5 Bdw) = 1 ; 8wy =0
+ w
Theo (9-52) ta e

1 1
T 9462 (V2 + jo) (V2 —jw)

Bi€u thdc nay tuong dng vdi hai kbau qudn tinh néi tiép, mot trong

W) (9-53)

hai khau 1a khéng &n dinh vA & cdc thit bi thyc t& khong thuc hién
duge. Kha nang khong thuc hién duge cua (9-53) thé hién ré khi chuyén

tt W, (jw} sang ham trong lugng cha nd :

1 ot 1 vz
wm(t)—?ﬂ_joc L= . (9-54)
P& thi ecia dap dng
y(t) =W, (t) d6i voéi xung X

don vi x{(t) = 4(t) nhu &

hinh 9.9a, b. Nhu & hinh &)

9.9b d& thuc hién ham trong

lugng nhu vay, tin hiéu &

ddu ra phai xudt hién kha
) o L Aw (1)=Y(E)

lau trudée khi dat tin hiéu :

xung ¢ dau vao. Nhu vay 5/

hdu quid c¢d trudc nguyén ¢

nhan la didu khong thé thue P T

hién duge.

Dieu kién thiyc hién duge
cua W, (jw)

Hinh 8.8

bé tim gia tri t6i uu cua W {jw) c6 tinh dén didu kién thyc hién
dugc, ngudi ta diung phuong phdp xuit phat tit 1y thuyst Kolmogorav-
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Winer. No6i dung cla phuong phip nay la tach W, (o) ra lam hai thanh
phan : thanh phan thuc hién duye va thanh phan khéng thuc hién duoc.
Sau day sé dé cap dén phuong phdp nay ma khéng chung minh.

Néu biet W (jw) theo 9-51, con S {w) xem nhu tich cia hai ham lién
hop W{w) va W(-) ma thanh phan thi nhdt cé dai tdn d nida mat
phing irén, con thanh phin thd hai ¢ niua mat phang dudgi :

Sdw) = W(w)V(-). {9-55)

Ham W{(jw) tuong dng v6i khau tuyén tinh 6n dinh thuc hién duue,
bi€n ddi on trdng & tin hidu x(t) & d4u vio cia hé tuyén tinh cdn téng
hgp. Ham W(-j») tuong dUng vdéi thanh phdn khong thuc hién duge.

Qua trinh bign S (w) thanh mét tich W(jw)¥(—j») va lam ndi bat nhan
td Wiw) goi 14 nhan t héa.

Nhu vay :
W Gon 1 W00} S (jw) 9-56)
wler) = W(ju) W(~jw) -
1
Lam n8i bat nhan to W) tuong dng vdi viée quy d6i dn tréng vé

diu vao va khdo st tic dong cta On trdng d6i v6i khau khéng thuc hién
W) 8, (w)

W(~jor)
Budc thd hai & phan cdch héa, nghia la phan ham W({w)W, (jw)

dude cd dac tin

thanh hai thanh phan R{jw) va N(-jw} ¢ cuc ndm phia trén va phia dudi
cla nua mit phang :
. . Wmow) qu(ij N ]
W(w)W, (jw} = ——————— = R{w) + N{-jw). (9-5T)
Thanh phin thd nhat tuong dng voi ham truyén thuc hién duge va
phan thd hai tuong ung véi ham truyén khong thue hién duge. Bang cach
loai bd thanh phan khéng thuc hién duge ta od dac tinh thuc hién ducc
cha he
Wom Gw) = R{e)/Wjw). (9-58)
Céng thic nay la cong thic Kolmogorov-Winer dung dé xac dinh hé
i6l wu véi sai léch quan phuong cue ti€u. Néu W(w) dugc chon theo
(9-58) thi mat 4o phd theo (9-50) cd dang :
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7 2 | 8g,Gev) | 2
‘ Sy(w) + IWmOw)I“lSu(w) T TSy | 959

N{—jw)
()

Syw) =

Vi du 9-7 Xac dinh W (o} tit vi du 9-6 ¢ tinh dén didu kién thue hién
duoe

Theo (9-55) thuc hién bude nhan ti¥ hda

S (w) = §{w) + Sdw) = 2t =
X " ' 1+ aw?
[ﬁJ’.jw] [ﬁ_.jw} = W(jw) W(—jo) 576
1+ je l ~jew
Theo (9-57) thyuc hién budc phan cich hoa :
Wil @) S {jw) (1 = jw) 1
Vi) T 1+ (T -y (L Fje) (V3 — o)
= R(jw) + N{—jw) = 1f, + B — . {9-61)
jo - N2 = jw
D& xac dinh A va B, giai phuong trinh
ANZ - ju) + B + jouy = 1 (9-62)
T ds: A =B =— va RGaw) = ! — .
1-v2 (1+V2)(1 + jw)
Cudi cing thec (9-58) ta ¢6 :
Wi (o) = . — = ! . (9-63)
' (1+V2) (V2 + jo) 2+V2) (1 +j5)
So sdnh vai két qua 8 vi du 9-5 v8i a = 1, ta sé cd su trang hgp

hoan toan. Nhu vay & vi du 9-8 cau tric da duge giad thiét (khiau qudn
tinh) la t5i wu d6i vai vi du nay. ’

9.3. DUNG MAY TiNH DPE TONG HOP HE

9.3.1. BQ DIEU CHINH LQG

Muc dich diéu chinh la duy td tin hidéu ra & lan can tri s6 khéong
(chénh léch khoi tri s6 mong muén thé hién & chdé khéng dua vao tin
hiéu dat nhu thudng dung). D6i tugng duge diéu khifn bdi nhifu w caa
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qua trinh va diéu khién u bd diéu chinh dua vao nhiéu do duge y, =
y + v dé tao nén tin hidu didu khién. Phuong trinh trang thai cda hé :
x = Ax + Bu + Gw ;
yv=.Cx+ Du + Hw + v,
w, v la nhiéu dang 6n trdng. B¢ didu chinh LQG (Tuyén tinh -Binh

phuong - Gauss) gém cd hé s6 héi tigp téi uu K va by ube lugng trang
thai Kalman. :

Ham tén that dang :

Jw = [ {x¥Qx + 2xNu + wRudt.

o
Q, N, R la cic ma tran trong s6 do nguoi thiét k& xdc dinh theo chi
tiéu chdt lugng va yéu cdu diéu khién.
O bude thd nhdt luat héi tidp u = -Kx cyc tidu héa ham tdn that
J{u). Ma tran K duge xdc dinh theo phuong trinh Riceati (11-2-4 [18]) :
Bs ude luong trang thai (VIL.5.4 [19], V.6 [20]) :
X = Ax + Bu + L{y, - Cx - Du).
Ham tuong quan cta nhiéu :
M{ww’} = Q: M{vv’} = R, ; M{Wv’} = N,
xac dinh L qua phudng trinh Riccati.
B loc Kalman 14 bd udc lugng t6i uu v&i nhiéu ] 6n trang phan
bé Gauss. Bd loc Kalman cuyc tiéu hda :
lim M{(x -x){x— x)’} ‘

T—>

W— e ¥

50/ TUgNG

e — -
| 1
| J |
! x| 8¢ 1oc !
| =K KALMAN | | 2% y
T | Y,
Hinh 8.10
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B6 diéu chinh LQG hinh thanh bing cich néi bs loc Kalman véi ma
trdn t6i wu binh phuong tuyén tinh K nhu & hinh 9.10.

[A—LC—(B~LD)K]§; + Ly, ;
u = -Kx. v n

Céng cu téng hop LQG theo MATLAB nhu & Phu luc D-5.

s
X

Vi du 9-8 M6 hinh qua trinh cdn thép va nhiéu.

O hinh 9.11a c6 hinh vé phdi va hai truc can. O hinh 9.11b 6 hinh
vé cA by true cdn gém hai truc can cho hudng x va hai tryc cho hudng
y. D6 day ciua phéi & ddu ra duge xde dinh bdi -

e Bién d&i cta do day/do cing ¢ ddu vao phei.

e Do§ léch tdm clia truc.

Diéu khién v6i héi tiép ding d& giam anh hudng clia cic nhidu noi
trén. Vi khe hé & truc can khéng do truc tiép @ may cidn nén dung luc
cua truc thay cho héi tiép. Nhiu vao d8i véi dd day duge mé hinh nhu

a)

Fruc cdem T ¥

i A

Hinh 8.11
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bd loc ha tdn cd 6n trdng tac dong. Nhiéu léch truc hdu nhu ¢ chu ki
vA tdn s6 13 ham cia tdc do truc cdn. So d8 khdi duge md td nhu d

hinh 9.12.
v . His) I__
. . . -
E0 o dn i friridt _E ‘)% ----- 9); ]- =3
+ + L

W, . J SR - S R L T = LR
) [
irs e L
D bR T Jarn
sy N :
- Fils) S --
; = ,J 3

M RFin rnida vde

Hinh 8.12. u - digu khién ; & - dbd day ; f - lic tang & tryc cén
w, w, - 6n trdng dfi v& m6 hinh cla nhiu.

Mé hinh ¢ truc x

H,((S) _ - 2,4 L .
‘ s+ 72 + 90°
_ 10
ix s+ 0,05
P = — 3.10% .
' s° + 0,12bs + 6°
g, = 107 .
Mo hinh 0 truc y
e = 1810
‘ s? + 7ls + 882
F, (s} = 27104 ;
¥ s + 0,05
F ) = 10°s ;
: s + 0,19s + 9,42

g, = 05.10%
Buéc ddu tién bé qua cac lién hé chéo gitta truc x va y ; xét doc

lap theo tung truc.
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9.3.1.1. Téng hop LOG thes truc x
Co th& dung phuong phip quy dac nghiém s6 hay phuong phap phan
b4 nghiém (IV.3 [19]} va diung cdc lénh tuang dng & MATLAB “rlocus"
hay "place” d& x4c dinh ma tran héi tiép K. O day xdc dinh ma trin
trang thdi hoi tiép theo LQ t6i wu (cde lénh "diqr', va ‘lqry™, xac dinh
bo loc Kalman (“Kalman®) vd hop thanh bo diéu chinh LQG ("lggreg").
Muec tiéu la gidm bién ddi vé do day &, va 8, do léch tam truc va nhiéu
thuéc d6 day diu vao ctia phai.
Trude tién lap ciac moé hinh & truc x theo so dé khéi ¢ hinh 9.12.
Co thé ki€m tra lai cdc ddu vao ra theo lénh sau :
% Mo hinh theo true x
Hx=tf(2,4e8,[1 72 90/\2],‘inputaname’,’u—x’);
Fix=tf(1le4,[1 0.05),inputn’,’w-ix");
Fex=tf[3e4 O],[1 0.125 6 2]; ’inputn’,w—ex’);
gx=1e-6;
% /O tit cde didu vao d&n luc fl1 va 2
Px=append([ss(Hx) Fex], Fix);
% Dua h¢ 6 gx tit f1,f2 d&n ddu ra "x-gap" va "x—force”
Px=[-gx gxi[1 1]Px;
% Diat tén cho dau ra
set(Px,’outputn’, "x—gap’ "x—force’}};
% Kigm tra lai
Px.inputname
ans=
I
‘'w—ex’
w-ix
Px,outputname
ans=
'x—gap’

x~—force’



Tiép dén, trén co sd cuc ti€u hda chi tidu chat luong :

20

Juy = | [a8f + rug) dt

ma xdc dinh K. Bd loc ha tdn duge dung la bé loc duge chon. Dic tinh
tan Bade duge mé tA ¢ hinh 9.13 :

% Dung bo loc ha tdn 30/(s + 30) d&i vdi chi tiéu chdt lugng
binh phuong tuyén tinh LQ

Ipf=tf(30,[1 30]);

% N&i bo loc vl ddu vao thi nhit cua Px

Pxdes=append(lpf,1)*Px;

Set(Pxdes,’outputn’,{x—gap’ ’force’});

% Xac dinh K ding LQRY vdi q=1, r=1e-4

kx=lqry(Pxdes(1,1), 1,1e-4);

% T6ng hgp bd ude lugng Kalman, vdi nhifu cd cudng d6 bangl,

tan s6 gigi han dén 1000

estx=kalman(Pxdes(2,:),eye(2),1000);

7 N&i K vdi bd ude lugng dé€ cd ba d/clLQG

Regx=lggreglestx kx},

% Xem dap dng tdn Bode;w=0,1-1000rad/sec

bode(Regx,{0.1 1000})

Khi d6 day ddu vao tdng, nhiéu tan s6 thidp sé nang luc & ddu ra,
luc can sé chong lai su ting d6 day. Dao dong léch truc lam thay ddi
khe hé truc céan. Khi khe hd cuec ti€u, luc true cdn ting va 4o day diu
ra gidm. Lue nén cia cd cdu thuy luc s& giam d€ gii d6 day diu ra
mong mudn. DJ la tinh nang clia bd didu chinh LQG & ving ¢ = 180°
(6 rad/sec) la viing tdn s6 riéng cua nhiéu léch truc.

Dé so sanh ddp Ung tdn cGa hé hd va kin tit nhidu dén d6 day déau
ra, ta ki€m tra lai cdc méi lién hé vao - ra gita d6i tugng Px va bo
diéu chinh Regx.

Dac tinh Bode cia hé kin nhiéu ¢ hinh 9.14.

% Kifm tra lai cic ddu vao, ra

Px.inputname
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ans=

u-x
“w—ex'
w—ix’
Reg.outputname
ans=
S

Px.outputname

ans=
? — ¥
X—gap
x—force’
Regx,inputname
ans=
x—force’

% No6i diu vao 1

% S0 sanh hé hd va kin theo

Pha 27

vi

Biern J6 [d8]

0" e’

Ién 56" (rod/sec)

Hinh %.13

ddu ra 2 cia Px véi bo didu chinh
clx =feedback{Px,Regx,1,2,+ 1)

bode(Px(1,2:3),"-’,¢lx(1,2:3),"-",(0,1100))

f:f W-gx

O o e e

Bién 6 [AE8]

Biél 38 Bode

Mow - ix

Pha 27

2 1w*

w° 10" 1’

7ér 58" [ rad/sec)

Hinh 9.14
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Duong nét dit la dap dng cia hé hd. Bién do cud dai cia dap ung
lech truc va bién dé ha t4n cta dap ung vé do day phéi duge giam di
khoang 20 db.

Cuéi cung dung "lsim" dé mé phong dap dng thoi gian cia hé hd va
hé kin d6i véi nhiéu la én trdng w., va wy. Chon dt = 0,01 la thoi gian
ldy méu.

dt=0,01;

t=0:dt:50;

% Tao nhiéu wx=[w-ex;w-ix]

% Phuong sai gidn doan tuong duong : 1/dt

wx=sqrt(1/dt) randn(2,length(t));

Isim(Px(1,2:3),”:,clx(1,2:3)," -, wx,t)

Ket qua mo phong huyen hnk

Thew pian fuse)

Hinh 8.15

O hinh 9.15 dudng nét dit tuong dng véi dap Ung cia hé hd. Bo
diéu chinh LQG da giam bién ddi cuc dai cua. d6 day 4 lan.

9.3.1.2. Téng hop LOG theo truc y

Viéc téng hgp theo truc y hoan toan giéng nhu & truc x. O day chi
néu lén nhitng chuong trinh chinh va két quad moé phdéng nhu & hinh 9.16.
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et qua mo phong hupen Hnh theo kenh y

na

0 i L - J
[] [ " [ n Y B E a0 IT] [
Thal gian [sec]
Hinh 9.18

Hy=tf(7.8¢8,[1 71 8¢ 2], inputn’,u-y’);
Fiy=tf(2e4, [1 0.05],’inputn’,’w-iy’);
Fey=tf([le5 0], [1 0.19 9.4  2];inputn’,w—ey’);
Gy=0.5e-6;

Py=append([ss(Hy) Fey],Fiy);

Py=[-gy gy; 1 1I'Py;
Set(Py,’outputn’, {’y-gap’ 'y—force’});
Pydes=append(lpf,1)*Py;
Set(Pydes,’outputn’,{’y—gap’ ’y—force’});
Ky=Ilqry(Pydes(1,1),1,1e-4);
Esty=kalman(Pydes(2,:),eye(2),le3);
Regy=lqgreg(esty,ky);
Cly=feeback(Py,Regy,1,2,+ 1;

dt=0,01;

t=0:dt:50; _

wy=sqrt(1/dt) randn(2,length(t));
Isim(Py(1,2:3),”,cly(1,2,3),’-,wy,t)
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9.3.1. Nii chée gita hai truc

Hé didu chinh d6 day x/y la hé MIMO (nhiéu ddu vao ddu ra). Viéc
téng hop hé riéng ré nhu trén o6 th& chdp nhan. Tuy nhién & maiy can
cobn thé€ hién anh hudng cha mach chéo. Khi tang d6 nén thay luyc & truc
X, phdi cdn bi nén sé tang phan luc 1én truc cdn y, két qua la do day
theo truc y tang va sic nén thay lye tuong d6i & truc y gidm. Sc d6
néi chée nhu ¢ hinh 9.17.

N
u& X + - o (5;
Wex M HINH | A
Wig TRuc x L f
e * —
+ X
5] (5]
v y ¥ £
*'__,.i o ?—>_ ¥
Wey MO HINH g
Y TRU =
Wiy RUL Y 8, + 5
+ -y
g,y AF _?_,fx =d4#
Hinh 9.17

bé day va luc truc (5, Jy va f, f) lién hé véi tin hiéu ra

{EX,TX,E},,TY) cia md hinh true x va y nhu sau :

8y 1 0 0 8 | | 5%
S0t me 0%
Ll |0 0 1 -z | | &
f, o o -g, 1[]%

N6i hai moé hinh Px va Py va sip xép ddu vao ddu ra sao cho cac
diéu khi€n va d¢ day ddu ra cia phéi xudt hién, trudc tién ta dung lénh :
P=append(Px,Py);
P=P{1 3 2 4],[1 4 2 3 5 6]}

P.outputname
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ans=
"x—gap’
'y-gap’
x—force’
’y—force’
% NO6i ma tran chéo voi gdau ra;
cho truée: gxy=0,1 va gyx=04
gxy=0.1; gyx=04;
CCmat=[eye(2)[0 gyx gx;gxy*gy 0];
.zeros(2) [1 —gyx;—gxy 1I;
Pc=CCmat'P;
Pc.outputname=P.outputname
% N6i kin mach vA mé phong dap tng
feedin=1:2; feedout=3:4;
cl=feedback(Pc,append(Regx,Regy),...
.feedin, feedout, +1)
wxy=[wx;wyl;
lsim(Pe(1:2,3:6);’:°,cl1(1:2,3:6),’ =", wxy,t

Linear Simulation Aesulls

% i.f-\l,{{‘lii\' 1 I"i H ‘Hl lIHJ;']ﬁﬂﬁl' e
:E: T IJF;‘I"“?F
[
EE‘J
;
o

Hinh 9.18
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Chit lugng cia hé theo truc x da gidm r6 rét (bién ddi vé do day
& ddu ra cha phdt od gia tri cuc dai khodng bdn ldn ldn hon khi chua
néi mach chéo). Do dé cdn tinh dén lién hé chéo khi thiét k& hé thong
va ding phuong phip d86i vdi hé nhiéu chiéu (MIMO) d&€ c¢d chit lugng
cao, hon 1a tdng hop riéng ré ting mach va ndi chéo ching lai v6i nhau
nhu di lam.

4- Téng hop MIMO LQG

Bt dau ti moé hinh trang thai téng thé cia hé hai truc P, da xac
dinh trén véi ddu vae va ra nhu sau :

O hinh 9.19 c¢6 dap dng chinh cta ha.

Gig ' dbm
- Bl . = = ———

78t

-d0F

-160 b
=119

-12e

Gz frv Joee (&85)

-Het
4o |

-5

-78g 1 — L R _
1077 10° Ty to2 ro? 0 tos

Tdn §8° (razs )

[ S, e — e

Hinh 9.19

Pc.inputname
ans=
g’
"amy?
"w—ax’

"w—ix
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'wW—ey’
Wiy’
Poutputname
ans=
"x-gap’

9, 3

ygap

’x-force’

y—force’
Pdes=append(lpf,1pf,eye(2))*Pc;
Pdes.outputn=Pc.outputn;
K=Iqry(Pdes(1:2,1:2)eye(2),4* -4 eye(2));
Est=kalman(Pdes(3:4 ,:),eye(4),1e3"eye(2));
RegMIMO=logreg(est,k);
RegMIMO.inputname
ans=

'x—force’

'y—force’

Linear Simuirtion Rlesuhs

a i -Iuh T T A T

5 10 15 20 25 30 35 40 45 50

Tima {sec )

Hinh 9.20



RegMIMO.outputname
ans=
S
ru-y’
sigma(RegMIMO)
% Lap mo6 hinh hé kin
cl=feedback(Pc,RegMIMO,1:2.3:4 + 1),
% Mo phdng vai cﬁng nhiéu ngiu nhién & ddu vao
Isim(Pe(1:2,3:6),",cl{1:2,3:6);"-" wxy,t)
O hinh 920 c6 dac tinh moé phong & hai truc x va y. Ro rang la

chat lugng téng hop theo MIMO cao hon so vdi SISO riéng ré nhu &
phan truéc.

9.3.2. B() LOC KALMAN

Vi du co d&i tuogng md t4 bing phuong trinh trang thai gian doan :
x[n + l} = Ax[n] + B (u [n] + w[n]) - phudng trinh trang thai.
y[n] = Cx [n] - phuong trinh do.
v4i nhidu Gauss w[n] d diu vao cung v6i u[n].
Cho truge : A = [1,1269 -0,4940 00,1129
1,0000 0 0
0 1,0000 0] :
[—0,3832
0,5919
0,5191} ;
C = [1 0 01 ;

=
Il

Muc tiéu la xde dinh bd loc Kalman d€ udc lugng y [n] ma ddu vao
la uln] ; ¢ ddu do cdn ed nhiéu v[n] la 6n tring Gauss :

v.[n] = Cx[n] + vI[nl
Qua trinh tdng hop bd loc duge thuc hién theo cic hude sau .

X4ac dinh mé hinh d6i tugng (ddu - 1 & thoi gian 1Ay méu chéng td
mé hinh i gian doan).
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Plant:ss(A,[BB],C,O,—I,’inputname’,..,
{'w’ 'w’},’outputname’,’y’);
% Gia thiét Q=R=1, xic dinh bo loc

Kalman giin doan

Q=1, R=1,

[kalmf L,P,M]=kalman(Plan,Q R);

M

M=
3.7980e-01 PR e
8.1732e-02 PR Kalm{ i)
-2,8704e-01 n

M 1a hé s6 sai s8 duce chon Hinh 9.21

sao cho phudng sai trang

thai ditng cha sai s6 udc luong 13 nhé nhit.
Q = M{(wn) wny)
R M{v(n) v(n)’} ,

il

I

Diu vao cia bs loc Kalmf 1a u va ¥y, con dau ra 1a ddu ra cua

doi tugng va uwdc lugng trang thai :

Ye = §(mln) va Xn|n) .

Vi uéc ldgng ddu ra y, 1a edn quan tim nén chi git mét dau ra

cta kalmf va ding lénh :
kalmf=kalmf(1,:);

kalmf
a=
xl e x2_e x3_e
xl_e 076830 -0.49400 (0.11290
x2_e 0.62020 0 0
x3_e -0.08173 1.00000 0
b=
u y
xl_e -0.38320 0.35860
x2_e 059190 0.37980
x3_e 0.51910 0.68173
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xl_e x2_e x3_e
y--e 0.62020 0 0
d=
¥y
y—e 0 0.37980

Dé quan sit bo loc lam viéc, dua vao dau vao tin hidu u va nhidu
ngdu nhién d€ so sianh dip dng dd loc va dip dng thuc. So d6 thuc hién

nhu & hinh 922,

B8dioc . __u ¥

: 2

& b6/ Y ¥, R
TUONG ‘T‘?""[ﬁq AN
| A NRiED cam biéh
NAIES cuo gud rriak - Y
Hinh 9.22

Mo hinh trang thai trén cd thé thuc hién bing cach néi

song song

hay n#i tiép. Trude tién xay dung moé hinh tdng thé vdi ddu vao u, w,

v con ddu ra la y va y,, sau ddé dung cach néi song song nhu ¢ hinh

9.23.

e |

—“_."_—r_“__.}.,. P _Wﬂ_l__..___..‘;.. y

—— 1
P L sy

I
|
b
o i
- 1
8¢ wof¢ =Y
(-4
Sy KALMAN :

Hinh 8.23
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a=A;

b=[B B 0"BI;

c=[C;C];

d=[0 0 0;0 0 1J;

P=sas(abe,d,-1,inputname’, {'u’w'v’},...
‘outputname’, {'y" 'yv'});

sys=parallel(P kalmf,1,1,[ 1.{ I);

N&i kin mach cAm bién bing cich ndi y, cda déi tuong (3 ddu ra)
dén y, b6 loc (dau vao) bing hdi ti6p duong. Tao tin hidu vao dang sin
dua vae d6i tugng va bd loc cing nhu dua nhidu cia qua trinh va nhidu
do luong (w va v) vio hé cudi cing, ¢ thé vé va so samh tin Hidu ra
cling nhu sai léch khi khong cd va cd bs loc.

% No6i didu vao #4 vai dau ra-#Z
SimModel=feedbackisys,1,4,2,1);

% Loal yv khoi I/O
SimModel=SimModel([t 3], [1 2 3]);
SimModel.input

ans=

SimModel .output
ans=

'y e’
t=[0:100];
u=sin(t/5);
n=lengtht);
randn(’seed’,0);
w=sqrt(Q) randn(n,1);
v=sqrt(R) randnin,1);

[out,x]=lsim(SimModel,[w,v,ul);
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y=out(:,1); % ddp dng thuc

ve=out(:,2}; % dap dng da loc

yv=y+v; % dap udng do dugc

subplot(21 1},plot{t,y,’——"t,ye,’="),

xlabel(’88 lugng chu ky lugng ti),

ylabel("Tin higdu ra"), Title ('Dap vdng cda bd lgc Kalman’)
subplot(212),photit,y— —yv,’=" t,y-ye,’="}

xlabel(’S6 lugng chu ky lugng ti),

ylabel('Sai s87)
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56 lsrg che ky lrong b

Hinh 85.23

O hinh 924a dudng nét dit Gng véi dip dng thuc y, cdon duong dam
nét la tin hiédu ra dd qua bd loc. O hinh 9.24b )a dac tinh sai s6. Cac
dac tinh trén cho thdy nhiéu da duge giam dang k€. C6 thé xac dinh
két luan nay bing cach tinh phudng sai trudc va sau khi loc,

MeasErr=y-yv;
MeasErrCov=sum(MeasErr."MeasErr)/length(MeasErr);
EstErr=y-vye;

EstErrCov=sum(EstErr. EstErr)/length{(EstErr);
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% Phuong sai trude khi loc (sai s6 do) :
MeasErrCov
MeasErrCov=

1.1138 |
% Phuong sai sau khi loc (sai s6 udc lugng):
EstErrCov
EstErrCov=

0.2722.

BAI TAP CHUONG 9
Bai wip 9~1 Xac dinh R,(?) cda tin hiéu & ddu ra khau qudn tinh véi
ham trong lugng :

ae™™ khi t = 0 ;

"B =19 khi t < 0.
néu & ddu vao, tin hiéu e R(r) = pbe #l7I
Bdp dn :

Theo (9-3) cho truong hop 7 > 0

0 S
—at ~et, —flr+r -1
Rv(.c) — ﬁbazj e ldrlj. e f“Tze ﬁ' 1 2| dtz
0 (8]
Sau mot s8 bign d6i ta co :

Ry(l‘) _ l-'gbcc2 [e_ﬁr_ge—m:[

o — g

Trutng hop T < 0

R/(®) = [;bazz [e_mtf s e_(”'rl].

% — @
Dac tinh R(t+7,%,) 1a ham cua 7, véi 7 + 7; > 0 nhu & hinh 9.25.
Khi # — =, nghia la khi R(0} — 8(@1) :
Ry = abe 7! nhu bigu thic (9-7) & vi du 9-1.
Bai wp 92 Heé tuy dong oo Wis) = kis va W,(s) = k,. Hay xdc dinh tri
1

s6 tol wu ki* va k', dé cuc tidu héa T néu bist S (w) = Lo
+ w

Sflw) = a’.
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Wl

Hinh 9.2%

Ddp dn

Ham tuyé’n hé kin WK(S) = 1+75T1 , val k= lsz, Tl = lfklkz G

vi du 9-6. Tu do :
RPERT UE TN wecs
K} = YT = (Vi+aisa)-1
Khia=1:%k =vV2-1;%k, =2+ {2,
Khi a = 0:%k', >« ; k'y = 1

Bai tip 9-3 He tuy dong véi

Ky LFC)
- — ._}mrs)___. . _!
Xdc dinh k! tir diéu kién x(1) L )
cuc tidu cta E{t) néu bist --~--‘-H[,(3)-—J .;f(”
Si(w) = a® va téc do bisn ddi
cua u 2(t)

u(t) [275°
v = du/dt va Sw) = ~ %ﬂ’(ﬂ" -

= &% (a® + w?)

Smgw) = 0 Hinh 9.28
Bdp dn :
a*(1 + T} a’k}
Splw) = + =

(@ + 0% [(k1 — Tw?? + wz] (k- Tyo?) + o?
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o*(1 + jwTp) (1 = joT,)
(@t jo) [ (k= Tyw?) +jo] (@ = jo) [ (g - Tyo?) — jo]
azk%

[(1.;1 - Tw?) + jw] [(k1 - T ~ jw]

z‘(f){ (o
R T 0D | —
il (o)

Hinh g.28

Theo bang tinh J, & Phu luc B[19], dua vé dang (9-38) ta cd :

a [1 +a Tyl + lel)} %k
e4t) = 5 +
ZkI[aT1+a+k1:[ 2

Luu ¥ v(t) va u(t) ¢ hinh 926. O hinh 927 £ 1a sai s6 do tac
dong diéu khién sé tang khi k, giam, £7 1a sal s6 do nhidu sé tang khi
k; tang. Khi ¢ = 1, T) = 2k’,, x4c dinh theo hinh v& gian don hon

2
aF

theo didu kiegn —— = 0,
2k,

Bai tap 9-4 Hé tuy dong co
sd d6 kh&i nhu & hinh 9.28.
O ddu vao cd tin hidu dang

xung chit nhat

st =2 d 1(t — t) ,
k=1

thoi khodng t, - T, _; la bién Kinh 9.27
doc 1ap nghu nhién od ciing

s+ 1y AR R R
s__+{ J» (hs+1)s [ .

b . s
Hinh 9.28

~H
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mat d6 phan bd cia d,. Mat do6 phd cia dao ham s la Siw) = A Nhiéu
f(t) 1a qua trinh ngdu nhién ding (6n trang) : S{w) = B- gid thiét

S:Gw) = 0. Hay xac dinh k; t6i wu cla co cfu higu chinh theo trung
binh binh phuong nhé nhit cia sai léch.
Ddp dn :

Dién 4p ra cBa co cfu hiéu chinh duge xdc dinh bdi :
T d—u + = k t) + f(t
1aqt u = 1(9( )+ f( ))

Phuong trinh chuyén dong cha déng co :

¢t d
)27 + kz _y = k3u .
dt dt .
J 1a tdng clia moémen quan tinh dong co va tai; k, 1a4 hé s6 sdc dién
dong phan khang hay hé s ma sit ; k; 14 hé s6 moémen, u la dién 4ap
vao. Trudng hop loc nhiéu tét thi Z(t) = s(t).
Néu ding T, = J/k,, loai trit u tlt cdc phuong trinh trén ta cd :
d?s(t d%s(t ds(t k ks
2) + (THT,) (2) + &0
dt° dt at k;

V& trai chi ¢ nhifu va dao ham cda tin hiéu vio nén mat dé phé
cia dao ham tin hiéu vio ecd ich thay th€ mat dd phd cua tin hiéu vao

ndi chung, do dd (so v&i 9-36) :

Sew) = |1 - Wg(w) | 8e(w) + | W) | *Sew) ,
kiky
Tk

W) = ki ks

T\ Tyfjw)’ + (T; + Ty) ()’ +jo +——
2

Dung k¥ hiéu

=)
I

T, + T, & = «T ;

a = T—kz“ ; b= -

va theo (9-38), (9-37) ta co :
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- 1 Tt -2mal+
=2l
o[BG+ (B +i +a ]
) . :

2ATdw +

=+

3T dw .
e [ By’ tje) 4w +al”
Diung bang tinh dugc :

1
2

1+ a(l — ) + ya?

—2 _ .
Al a—ep
_ B
X = 2AT
Liay dao ham Z7? theo «, cén bang khong va chi ldy nghiem thuc ta
e
* = tt dd co k
= —— G 6 k',
B+ A+
AT
va Jomin:_2_<ﬁ+2u13+x+l)
- i - ]' -
Bai tgp 9-5 Mat do phS cua tin hiéu cd ich 12 S(w) = ———  cdn nhidu

1+ @2’

la on trdng : S{w) = 1. Hay xay dung hé diéu khién cd chic nang loc
v lay dao ham cia tin hiéu vao.
Bip dn

Theo nhiém vy, mé hinh mAu phai 1a :
W lw) = jo
D& chon hé t6i wu, ding (9-56) va thuc hién buéc nhan ti héa -
S(w) + Sfw) = —— -+ 1 = 2+wj = W(jw) ¥(—jo)
l+w 1+ w

Sau dd thue hién buée phan cach héa. Theo (9-57) véi Sejw) = 0 -
Wi(w) Sg(w) _ jw _
Wiy (L +jo) (V2 —ju)

1 jw + 1 jw
VZ2+1 l+jo  V2+1 V2 —jo

Hé t6i wu thuc hién dude theo (9-58) :
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W () = 32 L
wanl®) = 357 V2+jw Te+1'
fd k= L 7= L
vl S2evz T T {2

Bii tip 9—6 Xdc dinh ham truyén cia hé xung c¢ chuc nang loc v6i mat

do phé cuia tin hiéu cd ich va nhiéu :

ad _ _ 1—e %
S'(jw) = o Ae ImlgTipm o A =2 | §{@) = B ;
m= —eo [ejw _e—a}

¥

va Si(w) = 0
Pdp dn
Nhiém wvu 1a loc don thudn nén W (jw) = 1

Thuc hién budc nhén ti hda cha téng S:(w) + SF(cu}, ta ¢é duge :

1 —e ™. e—jm

*Gw) = C .
o 1-e @, @’
. l;* ' 1 - e—t‘(l . e—_]u)
Vi-jw) = C oo go
a; va € xac dinh ti cac phuong trinh sau :
A 2 - -
cha, = B sha + cha ; Ce "l = Be

Sau d6 thyc hién budc phan cach hva {theo 9-57):

S:(w) B A (1 _ e—Zfz)
lIJ*(—jw) - C( 1 - e-—{a-kal)) (1 B . e—jw\

/

T dd dac tinh tdn cia hé xung t8i uu thuc hién dugc 13 :

LA (1-e )"
W) = =5 (1-e-ta+a3) CERT
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Chuong 10
HE PHI TUYEN
VOI TAC DONG NGAU NHIEN DUNG

10.1. TIN HIEU NGAU NHIEN QUA KHAU PHI TUYEN TINH

Khi khdo sdt tin hiéu ngiu nhién di qua khau tuyén tinh, cdc phuong
phap ldy trung binh theo tap hop va theo thai gian (ham tudng quan va
mat d6 phd) déu duge ding dén. Tuy nhién d6i véi cac khau phi tuyén
chi dung dudc cdc phuong phdp lay trung binh theo tap hop (luat phan
bs).

Céc phuong phap khao sit tin hiéu nghu nhién di qua khau phi tuyén
rdt khac véi cic phuong phdp khao sat & he tuyén tinh : do ching phue
tap va& da dang hon.

Do tinh chdt phie tap ma cac phuong phap gin ding duge diung phs
bién. Ty thudc vao dac tinh phi tuyén la don tri hay da tri, hé khong
¢0 qudn tinh hay c6 quan tinh, hé hd hay kin ma c6 edc phuong phip
rdt khdc nhau. Phuong phap khdo sit tin hiéu nglu nhién qua khau phi
tuyén v6i déc tinh don tri khéng 6 quan tinh la phuong phap duge
nghién cifu ddy da ohat. Trude tién ta khao sat st thay d6i luat phan
b6 cia tin hiéu ngdu nhién & thsi di€m e6 dinh va cing v6i né 1a ky
vong todn va phuong sai (mémen bac mot va bac hai). Sau dd khao sat
sy bién d8i cha ham tudng quan va mét do phd, dWng dung nhiing két
qua dy dé tinh gdn ding cic qua trinh trong hé diéu khién ty dong.

10.1.1. BIEN BOI MAT PO PHAN BO

Ta khdo sit mot khau phi tuyén khéng co quidn tinh nhu & hinh
101, e6 dac tinh nhu & hinh 10.1b. § dau vao cd tin hidu x(t) véi tap
hap 1, 2, 3,.., n dude xdec dinh & thdi didm t; bdt ky, c6 mat do phan
b6 pi(x) nhu & hinh 10.1c. O hinh 10.1d c6 mat d6 phan bs p(z) cha
z(t) & ddu ra cing véi tap hgp 1, 2, 3.n clng tai thoi di€m t,.
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o

Hinh 10.1

Mat d6 phan b p(z) co thé tinh theo diéu kién bang nhau cua xac
sudt ctia tin hiéu vao trong mién x; < x < x, + dx va cha tin hiéu ra
trong mién z; < z < z + dz ma z; = z(x) va dz = (dz/dx)dx ; td do :

p(x)dx = p,(z)dz, (10-1)

va p(2) = (dx/dz) p;lx(2)]. (10-2)

Bi€u thic trén cho phép xac dinh p(z) néu biét p,(x) va z(x), khi
z(x) tang don diéu nhu & hinh 10.1b.

Vi du 10-1 Tin hiéu x cd phan b3 chuén :

2
1 (x —my)
= SN 10-3
p1(x) W exp [ 20;;1 ] ( )
nhu & hinh 10.2a, di qua khau phi tuyén dang bdo hdoa nhu & hinh 10.2b.
[ x, khi |x| < x, = z,
z={xbsigmc, khi |x| >x, = z,

Hay xac dinh p,(z).

Trong mién |z | < x, theo (10-2) xac dinh :

1 z — my?
p(z) = o exp[——%zm] . (10-4)

X

Khi |z| = x,, dz/dx = 0 nén p,(z2 = . Nhu vy & difm z ==z,



mat do phan b6 duge thé hién bing cdc ham xung S,5(z - zb) nhu &
hinh 10.2c.

5d(z-z)

Hinh 10.2

Dai lugng S, va S, dugc xdc dinh theo diéu kién

= -]

S, = I pi(x)dx ;
X
X (10-5)
va S, = [ px)dx .

xudt phat tu (10-1) sau khi 14y tich phan.

Sy va 8, la xdc sudt d€ z bang +z, va -z, va bing dién tich cac
mat phing gi6i han bdi dudng cong p,(x) va cic doan thing - < x < -Xp
va X, < x < o« (hinh 10.2a). Dsi v6i luat phan bS chuin (10-4) :

. = 1
J p@ax = [ pwax = 5
my
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xdc sudt dy tuong Ung voi :

X~y X~y ———
Sy = 1 I Pyo(x) dx % I Pm(x)d"—%_‘i’( ng ),
1 Xp T my
S, = 3 f Pu@dx=;- J P dx =5 - & (—5—) .
.
2
ma P} = —m b (—X— ). (10 -17)
Oyy 27 26,2(
q;(aix) =£ Po(x) dx (10 -8)

t

1 -
Tich phan ®(t) = ;- _f e
2 5

cdc bang tra ctu. O hinh
10.3 e¢6 d6 thi &(t) phu

_ X
thuoe t = 5,

Vi du 10-2 V@i tin hiéu x(t)
nhu ¢ vi du 10-1 di qua
khau phi tuyén cé dac tinh
role :

z = zsignx. (10-9)

Trong truong hop nay
pi(z) = 0 khi |z| # z, con

|z]| = 2z, mat doé phan
b6 p,(z) dugec mé ta bdi ham

2

2 .
dt la tich phan xdc sudt dugec cho @

@(U‘ﬁ fexp( f)df -¢(-t)

Hinh 10.3

xung S$,0(z - z,) va S,0(z + z,) ma :

S, = Jpl(x)dx=

;= | pl(x)dx—l—cv(

2

(g

(10-10)
m,
0,

)]

D6 thi p,(x), z(x) va p;(z) nhu & hinh 10.4a, b, c.
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L D
a) i
B 7} m, X
Fa
\ 1
o X
b) T
-Zb'
4o
‘ S0 (z -zé)
:"’ é q/._ 4-2'#) ‘
j e Fe) o
-z, o z, E:
Hinh 10.4

Khi dac tinh phi tuyén khéng don tri, viéc xdc dinh mat d6 phan
b6 cia tin hiéu ra phic tap hon nhiéu. Vi du nhu dac tinh phi tuyén
cia role hai vi tri c6 tré, mat do phan bs cua tin hiéu & ddu ra khong
nhiing phu thudc vao mat d6 phan bé cua tin hiéu & ddu vao ma con
phu thudéc vao dac tinh cta xdc suit dao ham theo thai gian.

10.1.2. BIEN POI TRI SO TRUNG BINH (KY VONG TOAN HAY MOMEN
BAC MOT)

Khi biét dugc mat d6 phan bs cua tin hiéu & d4u ra cta khau phi
tuyén c6 thé€ dé dang xac dinh ky vong todn ctia ng :

m, = M{z(t)} 2_L 2p,(z)dz =__[°z(x_) p,(x) dx . (10-11)
va biét dugc ky vong todn cua tin hiéu vao :

me = M{x(t)} t_L. xp, (x) dx (10-12)
tt d6 c6 thé xdc dinh duge bién ddi mémen bac mot bdi khau phi tuyén.
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Msi lien hé gita ky vong toan & dau vao va diau ra cua khau phi
tuyén la khong don tri va phu thudc vao tinh chdt cia ham phan b6 cua
tin hiéu vao.

Bai toan thudng gap la khdo sat su bién ddi tin hiéu véi phan bd
chuin (10-3). Trong trudng hgp &y luat bién déi ky vong toan chi phu
thuéc dac tinh phi tuyén z(x) va 6, nhu thong s6 cia nd :

m, = m,(m,, 6. (10 -13)

Cac dai lugng nay cd thé phu thudc thai gian t hay khéng phu thudc
thoi gian t (6 qua trinh ding).

Vi du 10-3 Tim luat bién déi ky vong toan d6i voi khau phi tuyén ki€u
bdo hoa véi tin hiéu vao cd phan bé chudn.

Diung két qua & vi du 10-2 cho bi€u thic (10-11) ta co :

| v (z = my’
m, = Gx\{l_ﬁ_'[b Zexp [-— ZTO‘E_ dz + z, (S; — Sy) ] , (10-14)
ma : S, -8, =0 (xi%n—]") -® (E{%n:"l) (10 -15)

Sau khi ldy tich phan va bién déi ta cd :

Ox (xp + Inx)z (% — m'x)z
m = T%‘l‘”‘p[" Bl i R |
(xp, + (xp, — (10 -16)
+(xb+mx)¢(—xb—6xﬂ)— (xb~mx)¢(ﬁ'—6x—nw) .

véi dai luong tuong d6i, (10-16) co
dang chung :

m?’ o.)(
— = wl[ﬁ , —} . (10-17)

X Xp

O hinh 105 c¢6 dac tinh ‘1‘1(%)

b
vOi cac dai luong 6,/x;, khac nhau. Theo
dé thi, khi thanh phdn ngiu nhién thé
hién qua 6, tang thi tinh chat phi tuyén
ban dau (6, = 0) nhu dugc san bang
va vung tuyén tinh dudc md roéng. Hinh 10.5
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Trong khi d6 hé s6 khuéch dai theo thanh phan khéng bién déi trén doan
tuyén tinh k, = m,/m, giam khi 6, tang.

Vai trd cia thanh phan ngiu nhién gibng nhu vai trd cua thanh
phdn bién ddi & phuong phap tuyén tinh hda rung (xem muc 3.3).

10.1.3. BIEN POI PO TAN (MOMEN BAC HAI)

Moémen bac hai cta tin hiéu vao va ra cua khau phi tuyén tinh duge
xac dinh bai :

=}

M{zz(t)} =_J-mzzp1(z) dz = __[ zzpl(x) dx (10-18)

va M{xz(t)} = J xzpl(x)dx . 4 (10-19)
D6 tan ctia tin hiéu ¢ dau vao va d4u ra la -
D, = M{(x—mx)z}ziz——m% ;
- (10 -20)
D, = M{(z~mz) }=Z - m; .
Bién dé6i do tan cta tin hiéu qua

khau phi tuyén phu thuéc m, va tinh

Q;
A2 _'-
chdt cia ham phan bs tin hiéu x. q‘a o 2es |
1/ s
Né&u phan bé cta tin hiéu vao la Y &4
chudn (10-3), luat bién déi momen / 10
bac hai phu thudc my, va 6, nhu 041 ]
théng s6 cia né : 02 A By SR I I
D, = 522 = DDy, my = > N‘w — |
= Dz(azx, m,). (10-21) ¢ 12 3 4 5 ks
Téat cd cac dai lugng nay c6 thé Hinh 10.6

phu thu¢c thdi gian hay 1a hing.

Vi du 10-4 Xac dinh luat bién d6i dé tan theo diéu kién cia vi du 10-2
va 10-3.

Dung két qua cia vi du 10.2 cho bi€u thic (10-18) ta cg -

Zh o 2
1 (z — my)
=2 2 2 2
z°=D, +m, = ——— z'exp | ————— |dz +z (S, + S,).
z 7 M Gx\j%_-[b [ 262 ] b(1+5)

(10-22)
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ma sl+82=¢(-¥)+¢(%mf—)).

Viéc tinh cdc tich phan nay kh4a phic tap. Tuy nhién cé thé ding
cdc d& thi v& mdi quan hé (10-22) & don vi tuonz d6i :
Xp My

6,06, = ‘Pz( 5 x—b) (10-23)

Do thi quan hé (10-22) nhu & hinh 10.6.

10.1.4. BIEN POI HAM TUONG QUAN

Xét truong hop chung (hinh 10.7) cd hai tin hiéu x(t)) va y(t,) duge
bién d6i boi hai khau phi tuyén don tri z(x) va z,ly). Mat do phan bd
kép cia hai tin hiéu la p,(x, y). Ham tuong quan tirdng hd cua z, va z,
g ddu ra la :

Ko (t1 1) = M{z(t) 5t} =
(10-24;

o

- f _I (X} 2,{¥) Px(x . y) dx dy

Bang cach xac dinh bham tuong quan tuong hé cua tin hidu & dau

Koty t2) = M{x(tl) Y{tz)} =

o (10-25)
= f XyP,(x , y)dxdy

ta ¢ thé tim luat bién ddi cta ham tuong quan bdi cic khau phi tuyén.

AN REAS
, o LA ) T
L (xy) i .
’ R
_ ? Kz,rz, ‘rota)
T (L) s T Tt 2,02
i H
Ky N rets 2/ r N 1
J— T A — -
R i J
u__....._ JJ
Hinh 10.7
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Trong trudng hop riéng, khi x(t) = y(t) va z(x) = zly) = z{x), bidu
thic (10-24) va (10-25) cho ham ty tuong quan cla tin higu & dau ra
va ddu vao cua khau phi tuygn z(x).

Khi x v& y déu cd phan bd chudn ;

( = e { ! - mX)z +
X, = X —_
Pa(x,¥) 27[5x5y1' 1 _?‘xy p 2(1 - xy) [ 03
¥ - my’ _ ZPx - mx) (y — my) J (10-26)
M

ma f,. la ham tuong quan twong hé dinh tam chudn cda tin higu vao x

va y

M{x = my (y - my)}
o_xﬁy

Dai v6i qud trinh ding, my, my, O, va 6, khong phu thudéc thoi gian,

Polty bty = xg K“( b, ty) = (10-27)

chi cd thanh phan nglu nhién cia kj vong toan m, o th€ 1a ham cua
thai gian. Trong trudng hop nay :
my = mylt), my = mfty)
D& tinh toan gidn don bi€u thic (10-24), ¢6 the phan tich py(x, y)
theo chudi Tsebishev - Ermit. Trong trudng hop 4y (10-26) ¢ dang

1 _AffEomat
" zmop, TP T 2|| T 6

pZ(X ) .Y)

y —my = 1 X — m, y—m, (10-28)
{ Oy ]Fu;!—fﬁ]{y H”( o |t O ] ’
ma Hpy(t) 12 da thdc dugec xdc dinh bai -
Hyt) = (=1)"exp (t/2) (@"/dt") exp (—t2/2) . (10-29)
D& xdc dinh H(t) ¢d thé ding bidu thic lap :
Hpyt) = tH(t) - nH,_(t) (10-30)

voi Hylt) = 1 ; Hyty = ¢
Da thdc Tsebishev -Ermit H,(t) eo tinh truc giao vdi nhén exp (—t2!2)
trén dudng thing -~ o < t < «, nghia la :

313



ﬂ?.:'rn! khi m=n
{ 0 khi men  (19073D

. £2
Jx Hy(®) Hyy(0) exp ( — 5 )
Vi la tryc giao nén khi thay (10-28) vao (10-24) ta cd bidu thde don
xac dinh ham tuong quan tuong hé chaa z, va z, :
K, oy(tio 1) = 2 PaAadyn - (10-82)

n=i}

gian dé

X —
— X
6){

1 =
ma Ay = axn{mx, 6)&)= W-‘J‘ Z(X) Hn
1 (X~ my ’
exp [— 3 [ 5, ] ] dx .
s6 ay, dudgc xac dinh tuong ty nhu (10-33) bang cich thay x

(10-33)

He
bang y. Cac hé s6 a,, vA a,, ngay cang gidm khi n tang, nén trong tinh

toan ham tuong quan, chi cdn dung mét vai thanh phin cta (10-32).

Khi tinh ham tuong quan ctia qud trinh dilng x = y, z, = zy,
Po = Po my = my va a,, = a, = a, biéu thic (10-32) ¢ dang :

K@ = 2 Fa’. (10 -34)

n=1
Vi Hyt) = 1 va £° = 1 nén thanh phan thd nhit cia chudi (10-34)
la binh phuong cha ky vong toin ¢ ddu ra cia khau phi tuyén
m? = aj . {10 -35)
Trong trudng h¢p dy ham tuong quan dinh tam 1a
o 5 - .
KD = K@m-m? = 3 plad . (10-36)
n=1
Biét dac tinh cua khau phi tuyén va ham phan bd cia tin hiéu vao,
theo (10-32) ... (10-36), cd th€ xac dinh méi quan hé gita cdc ham tuong
quan cuia cdc tin hiéu & ddu vao va ddu ra ciua khau phi tuyén.

Bidu thie (10-36) cho phép xac dinh d6 tAn & dau ra cda khau phi

tuyén
O .
> a? (10 -37)
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Vi du 10-5 Xac dinh ham tuong quan cda tin hiéu diu ra cta khau
phi tuyén z = zsignx khi phan b6 1a chuén theo (1026) va ham tuong
quan :
5@ _
o

Biét Hy(t) = 1 va H(t) = t, theo (10-30) xdc dinh cac tri s§ sau
day cua da thic Tsebishev — Ermit :

Hyt) = t% - 1, Hy(t) = ¢ - 3t, Hy(t) = t* - 6t2 + 3 ...

e altl

Px|r! =

Hinh 10.8

Dua céc tri s6 trén vao (10-33), sau khi ldv tich phan ta c6 :

a, = 2z, ®(my/6,) ; (10 -38)
1 [My ’
a; = zwa 2/ exp [~ 5 [6_) ]; (10-39)
my
a = — 8;7—2'- a ; (10 -40)
ay = 16| (mxz’ﬁx)z— 1] 2 ; (10 -41)

D6 thi a/z (m,/6,) xay dung theo (10-38) ... (10-41) nhu & hinh 10.8a.
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10.1.5. HAM TUONG QUAN TUONG HO CUA TIN HIEU RA VA VAO
pOI VOI KHAU PHI TUYEN

Nhu & hinh 10.9, trong trudng hgp nay bign d&i phi tuyén chi thuc
hién d6i v6i y, nghia 1a z(x) x = x(t}) con zy) = z(y) =

Z(tz) = Z
x(f _:'
,Ci Xy) _— 'S
- q )}{)(ZC i :’)
L or) [r MNzet,)
’J‘:;“g IL )Ezf-?) I'"é“
—
Hinh 10.9
Theo (10-32) v6i phan bd chuin x va y, ta cd
Kolty, t) = 2 Fyanan (10-42)
n={)

x T my 1{% = My :
5 eXP | 5| g, dx . (10-43)

con a, thi dung bi€u thic (10-33) sau khi thay x béng y.

1 = <3
S AR

Céc hé s6 a,, trong truong hgp nay néu tinh dén

X —m X — 1'11’(1

5, o, | T* ™
cd nhing gia tri sau : a, = my, a, =
Nhu vay (1042) cd dang :

I,

6, va a,, = 0 khin = 2.

K.t &) = m Ay + O‘xa}.] ﬂx},

(10-44)
vi theo (10-35) a, = m,, nén :
%w_(tl sty = Kglty, tp) — mem, = 6,8, P =
= (a,,/6,) (i%_.(tl ty) (19 -45)
hay OKx},(tl Jt) = (6,/ay) Kyt £5) - (10 ~46)
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Bi€u thic trén cd y nghia 16n trong thuc t& vi khi x4c dinh ham
tuong quan tuong hdé cia hai tin hiéu c6 phan bé chuin thi bit cd bién
ddi phi tuyén don tri nao cla mot trong hai tin hiéu déu khéng lam thay
ddi dang ctia ham tuong quan tuong hé va chi thay d8i hé s6. D6 1a co
s d€ tao cac bd tuong quan dung role ¢6 so dé cdu tric nhu & hinh
10.10.

Hinh 10.10

Vi du 10-6 Ham tuong quan tuong hé gita hai tin hiéu vao va ra cia
khau phi tuyén c dac tinh z = zsignx c6 dang K, |7| =Be |7l vgi
B va « 1a hang.

Hay xdc dinh ham ty tuong quan cia tin hiéu vao néu biét phan
b6 cia nd la chuan.

Theo (10-39) hé s6 ay) = a; va dua vao (10-46) d6i v6i y = x ta

co :

(® = 6,(B/z,)\ /2 exp [1/2(m/6)%] exp(— a | T|) (10-47)
Kx X b mx/ x)

102. TUYEN TINH HOA THONG KE CAC KHAU PHI TUYEN

O he phi tuyén tién dinh, khau phi tuyén dugc thay thé bang khau
tuyén tinh tuong duong & phuong phap tuyén tinh héa diéu hoa véi diéu
kién cua gid thiét loc. Trén co sd 4y cdc phudng phdp tuyén tinh dugc
ap dung d€ khao sat gidn ding cac hé phi tuyén.

Tu tudng &y dugc phat trién & phuong phap tuyén tinh héa théng
ké cac khau phi tuyén cia ciac tiac gia Kazakov I. E., Pervozanski A. A.
(Lién X6 ci), Buton R, Esby D. (My), Savaghi I, Sugai N. Sunakhor I.
(Nhat Ban) v.wv...
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Noi dung cua phuong phap tuyén tinh hda théng ké 1a thay khau
phi tuyén bdng khau tuyén tinh sao cho mét sd dac tinh théng ké cua
tin hiéu ra khong thay di. Cac dic tinh thudng ding la tri s trung
binh va do tdn. D&i khi chi tiéu chdt lugng tuong duong la cuc ti€u cua
sai léch quan phuong ma khi tinh ngudi ta cho trudc luat phan bé tin
hiéu & ddu vao khau phi tuyén. Luat phan b6 &y thutng 14 phan bs
chudn. Dai khi, su thuc la phan b6 khdc chuin nén tinh todn chi la gin
ding.

Thong s0 cta khau d4 tuyén tinh hda phu thuje vao dac tinh xac
sudt cua tin hiéu vao va dic tinh phi tuyén clia khau Ay.

Vi du khau phi tuyén ecd dac tinh :

z = z{x) (10-48)
va 6 ddu vao cd tin hidu :
x(t) = m, + x(t) (10-49)
o
ma m, trong trugng hgp chung phu thudc véo thoi gian con, x la thanh
phan dinh tam cla nd {6 ky vong todn bang khéng)
0

DE€ tuyén tinh hoa dac tinh phi tuyén, gia thi&t m, va x(t) di qua
hai kénh khac nhau (hinh 10.11) véi hé s6 khuéch dai k), va k, tudng
Ung, con tin hiéu ra la t8ng cia hai tin hidu dia duoc bien d8i :

y = km, + k() (10-50)

D€ xdc dinh k;, va k; cua cdc khau tuyén tinh tuong duong ding,
hai didu kién sau :

Trusng hop thd nhat chi titu tuong duong la :

m, = kgm, = m, D, = KD, = kK%, = D, (10 -57)

Trudng hgp thd hai, diéu kién tuong duong la cuc ti€u ctia sai léch
quan phuong :

€ */ak, = 0 va @ %/ok, = 0 (10-52)
vii € = z - y.

Khi chon kg k; ngudi ta cdn dung tri s8 trung binh tinh theo hai
trudng hgp trén.

Vi du 10-7 Hay xdc dinh k, va ky cda khAu phi tuyén z = zsignx néu
tin hidu 4 ddu vao x ed phan bd chuén :
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Cach thu nhdt -
Vol két qua cua vi du 10-3 va ddc tinh role dang z - z,signx, sau
khi thay két qua & vi du 10-2 vao (10-11) ta cd :

i}
m, = 2z, ¢ o, |
(10-53)
va D, = z [1— 4 ¢? (mx/ﬁx):J ‘
Theo (10-561) ta xéc dinh :
ky = m,/m, =2z,/m_ $(m o} ; (10 -54)
k, = yD,/D, = zbf’dx\{ 1“4¢’2(mx/5x) . (10-55)
Cdach thii hai :
Vi € =2 -y = (m~kmy)+ z—k1%)=m£+é?,nén:
.. 0 0 5
vai m,=m, - km , D, = M{(z - k%) }

- D, + kD, - 2k,M z?(}

T cac phudng trinh (10-51) c6 k, = m,/m, va tri s6 &y trung véi

(10-54), con :
M o0
Z
o =

X

bé xac dinh M{ ?{} dung bigu thic (10-45) vai t; = ¢, vd x = y,
Q0
M{zx} = K(0) = 0,8,2(0) = 6,2y,
Vai dac tinh phi tuyén da cho, theo (10-39) :
a, = zh\’ 2/m exp [— I/Z(mx/o*x)z] ;
do dd : k) =z2,/6.{ 2/n exp [* 1/2(mx/6x)2] ; (10 -56)
Ti k&t qua & (10~-55) va (10-56) ta thdy, cach thd hai cho k; bé hon
cdch thd nhat,
Mot phuong phdp khdc d€ xic dinh hé s6 tuyén tinh héa ngau nhién
(tuyén tinh hda théng ké), gian don d&i v6i dac tinh phi tuyén don tri
nhu sau [23]:
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Khau phi tuyén cd dac tinh z = f(x) ma x{f) va z(t) l4 nhitng qui
trinh ditng, hé s8 tuyén tinh hda ngiu nhién dugc dinh nghia nhu sau :
z(t) = k"%(t)
b digu kien M{[ () —E(t)ﬁ - min
_ 2y _, min
hay M{[f(x{t)) kmx(t)] } Ko
Lidy dao ham v& trai theo k™ vA can bang 0 ta cd :

M{ [ f(x(t)) - k““x(t)] x(t)}

Biét rang M{f(x(t)) x(t)} = R, (0)

H

0.

I feoxpe e,

M{x*0)} = R0 = | peydx = of .

1 =]
{ fe)xp(xydx

nén k™ = k"(6d) = S

Voi qua trinh écgédic :

y
Rp(0) = lim % I f(x(t)) x(t) dt ;
30 =T

T

1
R(0) = lim ﬁ_sz(t) dt = 65 ;
1 1 .t
T dé km:km(oﬁ):?x Tlifﬁ ﬁ—JT f(x(t)) x(t) dt .

O bang 10-1 cho mot s6 dac tinh phi tuyén va hé s tuyén tinh hda
tinh k'(x), dao ham k9x), didu hoa k™x) va ngiu nhien k"(x) d€ thuan
tién trong viéc khao sat cac hé phi tuyén.

Vi du trong trudng hgp riéng x(t) = Asin{wt + ¢) ma ¢ 12 pha ngau
nhién thi :

2 T
0 = 6% = A7 va R,(0) = lim LJ‘ f{Asin(wt + ¢)) x
Ry x = 3 W e 2T I ( +9)

Asin(wt + @) dt = k"(A) 6% ¢S nghia 1a :
K"Me) = kMA)
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Bang 10-1

Déc tinh ohi tuyén

Hé s6 tuyén tinh hoéa

dao ham k%(x)

diéu hoa k¥ (a)

ngdu rhiér k™ (q,)

V1/24 PJG,’S@ \/_EE
Py ah K
AR ’?k/é 4
|
: '—! 1 '
L = ’
! _& ! ? 5
f/xa A/xd Xd'
éJ 44
|1 1™
S
: 1 x LQ !L) |
z 1 ALy 5/%,
q , dh "
1% 2% 4
|
1 ae%s AN
]
—I-_n_—> f [IANE > >
T M 7 Ak 6%
Az /. .
E 1% [ “
| .0 \
—, T L \
ST b
>, — e A
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& bang 101 k() = . k(x) = nhu & muc 5.4

f(x) df(x)

dx

kM(A) 1a h¢ s6 khuéch dai wyén tinh hod diéu hoa nhu
a muc 4.2

Vi du 10-8 Véi mat do phin bé Gauss ( chudn):

i x*
pix) = ——=== exp
v 2mo, 20,

hé s6 luyén tinh hod ngau nhién :

1 =]
ka) = ; _[ x f(xY pix) dx

o
X K=m+X

con hé s& tuyén tirh nod dao him

df(x)
Kx) =
ching lién hé véi nhan boi Hinh 10.11
o0
KMo, = I k4x) px) dx

Bi€u (hitc nay cling cho phép xdc dinh k (x) theo k (x)

10.3. TUYEN TINH HOA THONG KE HE PHI TUYEN CO
HOI TIEP

Pé khiao sat hé diéu khién phi tuyén tinh, ta xét hé cé héi tiep ma
ngodi khiau phi tuyén don thudn cdn c6 cdc khau dong hoc tuyén tinh
nhu khau quan tinh ching han.

So &6 cdau trie nhur & hinh 10.12a tuong dng voi hé twy dong co
khau phi tuyén vd phin tuyén tinh W(s). Dau vde cta hé c¢6 tin hiéu
lam viéc u(ty va nhiu f(t). Tin hiéu lam viéc (hinh 10-12b) la tién dinh
vi bién doi cham [u(t) = my(b)].

Nhidu (hinh) 10.12¢) khong ¢6 thinh  phdn khong bién déi (my = 0)
vi bién ddi nhanh theo thoi gian 1A dai luong ngdu nhién dimg c6 ham
wong quan Kp(#), mat do phd S¢u3) va phin b6 chudn.

Nhu vay, tin hiéu vio h¢ wmy dong x() = u(t) + f(t) cé phan bo
chuin v Ky vong todn mu la ham cho trude.

322



V4 ‘ Y
% *X—J-E(x} —> W(s)

a)

Hinh 10.12

Dung phuong phap tuyén tinh hoa thong ké ta ¢S so dé khsi tuong
duong nhu & hinh 10.13.

i r m‘
- k (in &
I A _ v
7] X y_my -f-__:
X
l L ~——>k (m,,6,)
|

Hinh 10.13

o) day khau phi tuyén tuong tung hai khau tuong duong véi hé so
truyén k, va k; phu thuéc vao dic tinh xdc sudt cta tin hitu x = u +
f — y. Theo kénh thd nhit c6 thanh phan bién déi cham di qua va theo
kénh thd hai cé thanh phdn bién déi nhanh.

Diéu kién can la tin hiéu x vao khau tuyén tinh cg phan bé chuén.
Tin hiéu 4y lai 1a hiéu cua tin hiéu u + f ¢6 phan b6 chuin véi héi
tiép y(t). Tin hiéu héi tiép y(t) c6 phan bS chuin hay khong la tuy thuoc
¢ dac tinh tdn cta khau tuyén tinh W(s). O cac hé thue, bac ctia mau
s6 16n hon & tit s6 do vay phan tuyén tinh W(s) c6 dac tinh cta bd loc
ha tan. Dau & ddu vao ctua phan tuyén tinh tin hiéu cg phan bd khong
chudn thi tin hiéu ra y(t) cing c6 phan b6 gin chusdn.
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Ta chi khio sat cho truong hop W(s) tuogng dng vai gid thigt lec ndi
trén. Nhu vay x(t} 13 hiéu cua hai tin hiéu cé phan bé chudn cing co
phan bé chudn.

Ta xét cdc phuong trinh cta cdc kénh c¢6 tdn s6 thdp, tién dinh va
tdn s6 cao theo phuong phdp tuyén tinh hda théng ke.
Kénh thd nhdt chuyén tin hiéu tién dinh :
Ugs)
1 + koW(s)

véi U(s) 14 Anh cia u(t) vd Wiyls) 1A ham truyén cta hé kin theo kénh
thd nhét.

Theo dinh ly tdi han (2-9) [19]), tri s6 xéc lap m,(t) khi t — = la:
my(®) = limsX(s) = lim 1_5&
T—0 s k W(s)

vi Wi{s) thdong c6 khau tich phin nén W(s) — o« khi s — 0 nén cd thé

bé tri s6 1 & mAu s6 va & qud trinh ding cd thé vidt :

m, = lims K W(s) {10-58)

Kénh hai chuyén tin hiéu ngfu nhién cd phuong trinh cua mat d¢

phd :

Sw) = S(w) WK10w|2 (10-59)

O day 80 va §; 1a mat do phd cia tin hiéu ngdu nhién x va f, con

— = = = é Z -.
Wii(8) 1T+ K Wis K W(s) la ham truyén hé kin theo kénh hai

Do tadn cta x duge xdc dinh theo mat dé phd

1 o
D, = &2 = 5_160 S,(w) dw (10-60)
Nhu vay, ti hai phuong trinh (10 -58) va (10-60) ta rit ra :
my = k) (10 -61)
o, = Oylk)

Trong (10-61) cd bén dai lugng chua biét : m, &, ky k; cho nén
dé gidi nd con cdn thém hai phuong trinh khdac. Cdc phuong trinh &y rut
ra tit didu kién tin hiéu x cd phan bd chuidn qua khau phi tuyén. Dung
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mot trong hai phuong 4n tuyén tinh hda théng ké (10-51) hay (10-52)
ta co

kg = kolm, 6 (10 -62)
ky = ki(m, &)
Gidi hé phuong trinh (10-61) va (10-62) ta o6 m, va 6, th& hién dac
tinh xdc sudt cla sai s6 & ha tuy dong.
Vi nhidu f khéng cd thanh phdn khéng déi (m; = 0) nén m, la sai
lech & trang thdi xac lap cua hé tiy dong khi co nhiéu f(t).
Thanh phdn sai 36 ngiu nhién duge xsc dinh tuong tu, thec mat do
phd cha thanh phan tin hiéu & ddu ra do nhiéu gdy nén.

S
Sg(w) = Sr(w)’W;;fU w)‘ (10-63)
) k,W(s)
vl W;,'[(S) = _l__‘;TW(_S)_ .
Theo tich phan (10-60) tinh D, = 6\2, sau d¢ tim sai s6 quan phuong
caa hé :
eit) = m + o (10-64)
Bi€u thic (10~64) ndi lén ring sai s6 cia hé tiay déng do tin hiu
tién dinh cd ich gay nén va do nhidu c6 ky vong todn bing 0 cd thé
tuong tu nhu bi€u thic (9-42) va gém cé hai thanh phan : thanh phan
do tin hiéu ¢S ich u(t) va thanh phin cta y do nhiéu f(t)

Vi du 10-9 Xic dinh sai s6 xac lap cua he tay dong £2(t) véi cac diéu
kién sau :

Siw) = 26jwyw* + »?) ;
Z = zsighx ;
W) = kis.
Tin hiéu f(t) e phan b5 chuin va
wo'k = 1 ; Bikz,) = 05 ; Oz, = 2.
Theo (10-58) véi U(s) = Bfs? -
m, = lim at -2 (10-65}
0 o Mok gk

3




Theo (10 -59) :

(iw)/Gow + kk))| -

S = [ @foy©” +ap)]

Thay vao (10-60) va ldy tich phan ta cd :
D, = ¢, = (67 wolitw, + kk)) ;

X

Oy
5 = /. (10 -66)

- y
1+w—0

Hai phuong trinh (10-62) trung hgp vdi két qua & vi dy 10-7. Bang
cach diung ciach tinh thd nhat, theo (10-54) va (10-565) ta cd :

ky = 2—;: ® [1;—1";() ; (10 -67)
z, [—‘——
k= 5 1-407 (7;) : (10 -68)
Tir (10 -65)
B B

- my B
vii ¢ (6_)() = 2k, .

(10 -69)

Thay k; tu (10-68) vao (10-66} ta cd :

2 ot ot
x = kk, k z,, B
1+— 1+——1] 1-4
@ @0 4k*zk
of
N 22 z
1 + k Zh. - _FS___ 2
(o0 )= (“Ox)
A 1 k°z;, — B
hay : 5‘;( 1+Ex 46{);_—- ] = o% .
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Do dd : 6, = /2 + 6f + (a/2)? ; (10 -70)
1' 2.2 2

ma a =
Wy

T (10-69) theo d6 thi d hinh 10-3 ta xdc dinh :

B = mJo,, (10-71)
va theo 6, did bist tu (10-70) tinh :
m, = B¢, (10-72)

Theo (10-63} ;
$@) = Rw) | (kK)o +k k|2 =

= (262wg)/ (@ + wd) x| (k)/jw + k)| 2 (10-73)
Sau khi thay S)(w) vao (10-60) va ldy tich phan ta o6 :
D, = 6, = (6f kk)/(w, + kk) ; (10 -74)
va £(t) = m? + o7 (10 -75)

T (10-70) ta xac dinh

afz, = Vv 1-025 = 0866 ;

Oz, = —al2z) + Y (6/2)° + (@/22,)° = 16 ;

¢ =1 = B = 0,25
O | 7 2kz, 7T
Theo 46 thi & hinh 10.3 ta xdc dinh :
B = mfs, = 071 ; mjz, = (862, = 1,136
Thee (10-68) va (10-T74) .

1 6°
k, = 16\!1—0,25 = 0,54;;%: 14,
’ b

Sai s6 quan phuong tuong déi la
£tyzd = 1,136° + 1,4 = 2,69

O trang thai xac lap, ¢ ddu ra cha role c6 thanh phén khong dai
m, = B/k. D& duy tri dai lugng nay ngay cd khi khong cé nhiéu, role
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vin § trang thai déng md theo chu ky. Nhiéu lam phdc tap thém qua
trinh. Tuy nhién phuong phap tinh gidn dding nhu trén cho phép danh gia

tinh chdt cia cac mdi quan hé ndéi trén,

BAI TAP CHUONG 10

Bai tip 10-1 Xac dinh hé s tuyén tinh hda ngdu nhién :
nn 1 *
ko) = | x(fx) p(x) dx

ciia khau rale :

k, x> 0;
fx) =40, x=20;
-k, x < 0.
véi cdc médt d6 phdn bd sau :
a) phin bd déu :
1
p(x) = {2V3¢ "’ %1 E\Eﬁ’;
0 , =] > V3 & .
b} phan bd riang cua (tam giic) :
I V6 < 0
Gazx JEO', g = X = 3
p(x) = 1 1
- +_'_'":| S =
xtgs 0<% < V8o
¢) phan bo chudn :
1 ~ ¥
p(X)-—- 23{68
d) phan bg Laplace :
|x| .-
_ 1 T
p(x)—-ﬁde
Bip dn
’3 k k
Tin, —_ _ — —
al k") = 4'0’“0’876’
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2 k kK
b) k"o = \‘ 35 = 0,82 % ;
' 2 k k
¢l k"e) = 7 F = 0,80 o
1 k
4y kKMo = ﬁ 7= 0,71 &

Bai tip 10-2 Heé phi tuyén cd ddc tinh role ly tudng :

k , x>0,
z=f(x) =ksignx={ 0 , x =0, (10-75}
-k, x <0,
va phdn tuyén tinh ¢d dac tinh tan :
ky
Wii) = ‘ -
(jeo) o (T ¥ (10-76)

O ddu vao cia hé c6 tin hidu ngdu nhién ditng véi mat do phd

S So , .
Slw) = 5 = - (10-77)
1+ Tje | 1+ Tiw
Hay xdc dinh d6 tdn cda tin hiéu ra cua hé 623,
Bip dn
Do tan cha tin hiéu vao theo (9-18) .
o2 = ij( Vo = 20 jw do % omr
_ ol £L) w _— - . m== T —
f 2m —x t n “ 1+ T?wz Tf o
Thay (10-78) vao (10-77)
107
Slw) = —— (10 -79)

|1+ Tjw |2
D& tim 6%, truse hét phai xdc dinh k"6 v6i phan b6 chudn

k
k"o = — f X signx p(x) dx =
62
- (10-80)
= E J‘_%)_(____ X200 ax
6 oy V2o
X2
Dung bién mdéi u = 25 ta cg
X
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nn, — . —u —_
kM6 = e { e “du (10-81)
vi Ie_” du = 1,

0

[2 X
nén : K6y =\ ;& (10 -82)
X

Fi) oI T e ¥t
et o]

, ' -
H@“—hv’ 7% é;‘ 20t -)_ W-;;J w )U_yg

Hinh 10-14

Biéu thie (10-82) la diap 4an cua bai tap 10-le O hinh 10.14a 6 so
d6 khéi cia hé phi tuyén dd cho, con hinh 10.14b la so d6 tudng duong.
Dae tinh tdn d6i vdi sai léch x '

) 1 Jeo(Tjer + 1)
W jw, 60 = = - . . (10 -83)
: 1+ k™(6) W(w)  jw(Tje + 1) + k"6 k;
Theo (9-19) vai (10-83) va (10-79) ta o6 :
1 jo(Tjw + 1) z T 62
T —
2t Jo |jo (Tgw + 1)+ K™ ki |1+ Tge |
hay
1 v z
5 1 = T ogw + Tle‘ﬁf(l'w)z
5“( = g J‘ dew

K6 ks + (1 4+ TK™(6 ky)jw + (Ty + T o)’ — T\ TyGen)’

Dung Phu luc B[19] dé tinh tich phan trén v6i n = 3 va mdt vai
bign d6i gidn don, ta o
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T Ty
1+ w k,k™(5,) T,
6; = of : (10-84)
i T nn T2
+—+ —
1 T, k,k™(6,) (Tl)

Phuong trinh (10-84) ding v6i moi dac tinh phi tuyén. V6i khau rale
Iy tudng cén thay the k™ (5,) tir (10-82) vao (10-84),
Tf
T cd dinh va kik khdc nhau cho & hinh
1
10.15. V6i 6% da bhist, vé dudng

song song truc hoanh, xac dinh i

Quan hé giia 6? va o0, véi

duge 6,. V6i kik bé 6; = 6, tuong
ing v&i ché& do lam viée xau. Khi
kk — «, tudng quan nay sé tién
d&n gigi han

D6 tan cda tin hiéu ra 6)2 Hinh 10.15
cAn tim duge xac dinh t¥ (10-84)
va bang :

T, Ty o
— (1 +—) kk™(5,)

5 T, Ty

62 =

y R S
Tl (Tl> 1= (*{)

Trong trudng hgp hé role :

T T > 2

. i(l‘*‘T—])k]k-J;
%= % T¢ T, 2
(1+T_1)6*+ (T_l) kik Y =

Quan hé nay xdc dinh hiéu qua lam giam nhidu & dau ra cua hé
role.

(10-85)
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PHU LUC

A Dinh Iy Sylvester

n n
Vl dll Q = X'AX = 2 2 aijxixj (3]'j = aji) (A_l)
i=! j=1
ap &g e A, |
8.21 3.22 [
A =
anl Ann

binh ly Sylvester phéat ‘biu nhu sau :
Q x4c dinh duong néu va chi néu moi dinh thuc con cua dinh thde
|A| déu duong :
4y ap
8y ap
Néu mot dinh thde con bing 0, Q han xdc dinh. Ma tran A duge
xem la xac dinh duong néu dang binh phuong tuong dng 1A xac dinh

a; > 0, s lA] > 0 (A-2)

dudng con -A la xdc dinh am,

Vide A1 Q = x%) + 2% + 9% + 2xx, + 4xxs + 6x,x3 Tir (A-1)

hé s6 cla xx; v6i i = j 14 ay + a; = 2a;, do dé :
a; =18, =2 ;a3 =9 ;a; =1;a3 =2 ; a; =3
a;, 4 a
3
a; ap 1 11 12 1 1 1 2
a,, =1>0 = >0, (8 8 83| =(1 2 3| =410
i T lag a 1 2 ' 2 3 9
43 43y ax !

Vay Q xdc dinh duong.
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Vi du A-2 )V (x), x;) = x* + x% la xdc dinh duong
2) V (x, x5) = x; + x, la khong xic dinh
3) V (x), x5 x3) = —x21 - x22 la ban xac dinh am vi nd

bang 0 theo truc x;.

B. Cac khéi va so dd kh6i mé phong theo winFACT

Do Beabeten Systemblicke  Simdation gacmmw Qptionen _ Hife

0 ,Bmc:ln T N i

Fa—

| ﬂ?lﬁ@
e
[»

25 B
T {
G

L .
[Zﬂ 41 { - ' e

Btocte £ s»:m:zﬁ Iext  Dseleked 1 =10 (D.1]  WntALS 3.0 ©1994 Tngenic |

Hinh PL-1
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C. Cdc khoi o thu vién SimulinK (MATLAB)

L Sk

. A
. ! by 1 -
) [ade) T [l [+ 2] Vg T2
i e T s 1o prfeal TRy o g
SRR Atw i L : - i ! : ©
Ssuoesn Sonwe Zonunuous Disoiete Wz Fuhovone  Norineas Tang
Tames & SvileTe
S Saone Liptaty 3 ( l )
Twpyngrs e 19UTAB5: oL Tne Wathvyvorkes 10z i ST
[ ——
MO COmmEnn use? Bioc IB
co ool .! i Foe 1 >.
cr 3 )iDer".us Y ! ] Xy 17 3 b H
1 F — f1a ; To WormsDack

Trarfer Fom

e Gla
—— B
. [RETIT TS | L Sl
[TEN = - ): ‘;
) Oanpor G- el ] I | H
Lonoe e o Transer Fer Xy ograp
DNMAET TOITITL, URE T Tl
- "oas | 1 = LaeBy : l s b . :
R . = hae P s P L
rzaw P >: - 11 b ﬁ vo= L=l D —_— ;_P
ETIFAT Y o I e Rrator

Teioon Srple-snETE

_ ! - > . ro, ! -
b L= 3 p )t\u_._..o
— - \‘——’ -
Lire W Zioor SIne wdve ProcLo Lot L T et Sdlaiahdr

i WaTi &B

Lrounchon

5 {32
L
Transpor Dewy

b

>

ah=t s BAl e B

DT N - Om VeDrREpaCE

Fate #maer

il
Hinh PL-2
D. Mot s8 ham thudng- ding cua MATLAB
D-1. Céc ham todn '
Bang D~ 1
Tin ham NGi dung
abs Tri tuyét ddi
sign Dau pﬂa ham
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Bang D-1

Tén ham

Noi dung

sqrt

pow2

exp

log, Iogz‘ log 10
sin, cos, tan, cot, sec, csc.
asin, acos, atan2
atan, acot, asec
acsc

sinh, cosh, tanh,
coth, asinh, acosh
atanh, acoth, sech,
csch, asech, acsch

Can quén phucdng

Luy thiia b&c hai

Ham mi

Céc ham logarit

Céac ham lugng giac

Cac ham Iugng gide ngudc.

Céc ham hyperbol
va nghich dao cda ching

D-2. Vécto vaa ma tran

Bang D-2
Tén ham H5i dung
linspace, logspace Tao vectd
eve Déng nhat thilc ma tran
ones, zeros Ma trdn mdt va khong
rand, randn Ma trén ngdu nhign
diag Ma tran chéo
triv, tril Ma trdn tam giac
Y Chia trai, nghigm cda todn td
detrank Dinh thie va sd hang
inv Nghich didc cua ma tran
norm, nermest chudn cia ma tran
eig, polyeig Dai lugng ring va vects rigng
poly Pa thic dac trung
trace vBt cua ma trdn
D-3. Xiz Iy s6 libu va cde ham thong ké
Bang D-3

Tén ham

N&i dung

corrcoef

cov

cumprod

cumsum

gradient {z, dx, dy)
mean

Hé s& tuong quan
Hiép phudng sai
Tich tich lug
Téng tich luy
Gradient xap xi
Tri s8 trung Binh
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Bang D-3

Taén ham N§i dung
rnedian Median
rand $6 nghu nhign phan bd déu
randn 58 ngdu nhign phin b3 chuin
1, ifft Bién dai Pourier nhanh, ngudc
fft2, ifft2 PDFFT va 2DFFT ngugc
conv Tlech chap )
length D& dai coa chudi

D-4. Phuong trinh va gidi phuong trinh
Bang D-4
Tan ham N&i dung

polyfit Da thic xdp xi
legendre, N ]
bessel, bessely Cac ham trjc giae
roots Diém khéng cia da thic
fzero Diém khéng cda ham
fmin, fmins Cue tidu cia ham
trapz. quad ich tich ohan hiu h
quads Tich tich p u han
g:: ngode 5 Dung cu gidi phudng trinh vi phan thdng thudng (ODE)
broyden Gidi hé phuong trinh phi tuyén bing phudng phap Broyden
diffgen L4y dao ham dén bac bdn mdt ham
aiginv X4ac dinh dai Wiong rigng (véctd ridng) biing phudng phép 13p nghich dao
eigit X4c dinh da lugng rigng (w‘écto riéng) thd nhit bing phudng phéap lap
eulertp Giai phudng trinh vi phan biing phuong phép hith thang
feuler Gidi phudng trinh vi phan bing phudng phép Euler
fgauss Udc fusng mét tich phin ding phudng phép Gauss
thamming Gidi phudng trinh vi phan ding phudng phap Hamming
fhermite Gidi phudng trinh vi phan bing phudng phap Hermite
fnewton Gidi phudng trinh don bign bing phuong phép Newton
newtonmy Gidi hé phudng trinh phi tuygn bing phudng phap Newton
golden Xdc dinh cye ti€u ham don bién
rkgen Gidi phudng trinh vi phin bing phudng phédp Runge-Rutta
romb Udc Wugng tich phan bing phudng phap Romberg
rombzrgx Gidi phudng trnh vi phén bing phucng phap Romberg
sc:uo d Gidl phuong trinh ddn bign da nghiém theo Schroder
soiveq Gidi phudng trinh béc hai
twopoint Gi4i bai to4n bi bac hai ding sai phan hiu han.
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D-5. M6 hinh hod va téng hop LQG

Bang D-5
Tén ham N&i dung
minreal Tirh mé hinh t6i gian floai trd nghiém khéng/nghigm cyc)
sminreal Tinh m& hinh c&u trac don gidn
canon Thye hién md hinh khéng gian trang thai chinh tic
damp Tinh tén s8 rigng va ty s6 1At dén
degain Tinh hé s8 khugch dai ha tén
covar Tinh hiép phudng sai cla dép (ng di v&i én tring
pzrmap Vé phan b nghiém khong va nghigm cyc clla md hinh tuyén tinh (LTI)
append N&i mé hinh trong khéi cdu hinh chéo
augstate Tang déu ra bing cach thém trang théi

drmodel, drss
ord2
rmodel, rss
filter
gensig
initial
Isim
acker
place
estim
reg

qr

digr
lgry
Igrd
kalman
kalmd
lggreg
care
dare
lyap
diyap

Tao mé hinh ngdu nhign, gidn doan

Tao mé hinh bic hai

Tao md hinh ngdu nhién, lién tuc

Md phong bd 1pc gidn doan SISO

Tao tih higu vao

Didu kign ddu cla dép dng

M6 phéng dap dng coa md hinh LTI voi ddu vao tiy y

Téng hop theo quy dao nghidm SISO

Téng hop theo phdn bd nghiém MIMO

Tao bd ude lugng trang thai theo hg s8 ude lugng

Tao bd diu chinh theo hé s hdi tidp trang thai va udc lugng
Xac dinh hé s&€ khuéch dai t8i uu theo LQ cho mé Hinh fign tuc
Xéc dirh hd s3 khuéeh dai t8i wu theo |.Q cho md hinb gian doan
Xéc dinh h& sd khulch dai t8i wu theo LQ véi tih higu ra

Xic dinh hé s8 khuéch dai gidn doan theo LQ cho ma hinh lign tuc
Tinh b8 Wdc ludng Kalrman

Tinh b& udc ludng Kalman gidn doan cho mé hinh fién tuc

Tac bd difu chinh LQG theo hé s khudch dai LQ va b loc Kalman
Gidi phudng rinh Riccati lién tuc

Gidi phudng trinh Riccati gian doan

Gidi phuong trinh Liapunov lién tyc

Gidl phudng trinh Liapunov gidn doan.
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