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LOI MO PAU

Diéu khién 1y dong 6 lich sit phat trién tir trude Céng nguyén, bt diu
tr déng hé miede cé phao didu chinh Kiesibios & Hy Lap. Hé diéu chinlt nhiét
dé ddu tién do Cornelis Drebbel (1572-1633) nguwdi Ha Lan sang ché’ H¢
diew chinh mitc dau tién ta cia Polzunov nguoi Nga (1776). Hé didu chinh
toc dg dwgc ing dung trong cong nghiép ddu tién ld cia Jame Wart (1769}

Thot ky truece ndm 1868 1a thei ky ché tao nhitng hé tu dong theo trie
giagc. Cdc céng trinh nghién citn 1y thuyét bdr ddu tic Maxwell, dé cdp dén
dnh edng ciia théng sé déi véi chdt hugng cia hé. I A. Vysnhegradskii vei
cong trinh todn hoc vé cdic b diéu chinh.

Thé' chién lan thit Hai doi héi sie phét trién vé Iy thuyét va img dung dé
co nhitng mdy bay lai ne déng, nhitng hé diéu khién vi tri ctia cdc loai phdo,
diéu khién tr déng rada. .. Nhiing ndm 1950, cdc phuwong phdp todn hoc va
phdn tich da phdt wrién va dua vao iing dung nhanh chéng. (jM}"’ thinh hanh
hudng nghién citw trong mién tdn 56 véi cde céng trink ting dung cita Bode,
Nyquist, Black o cdc trung tdm tiut nghiém dién tin. Trong khi dy & Lién Xé
(cit) ngutri link vue Iy thuyét diéu khién va ring dung trong mién thoy gian.

Tir nhitng nam 1980, mdy tinl 56 bét din ditge sit dung réng rdi, cho
phép diéu khién véi dé chinh xéc cao cée doi tiwong khde nhau.

Vi si ra doi cda vé tinh, thoi dai vii tru bdt ddu, céc hé diéu khién
ngay cang phic tap hon va doi hdi chdt lugng cao hon. Cdc phicong phap
cia Liapuncp, Minorsky ciing nhu 1y thuyét diéu khién 167 wu hién dai ciia
L.S. Pontryagin (Lién X6 cit), Bellman (M3) ¢c6 ¥ nghta rdt lén. Cde nguvén
tac dién khién thich nghi, diéu khién bén vitmg, diéu khién mo, cdc “hé thong
minh”... ra déi va dwpe dp dung ¢6 hiéu qud vao thic tién.

Ro rang la trong viéc phan rich va téng hop cdc hé diéu khién hién nay,
viée sit dung dong thei mién tdn 6 va mién thoi gian la cdn thist {71

O Viét Nam tir nhitng ndm 1960, Ddnyg va Nha nuée ta da quan tim dén
viéc dao tao cdn bo va nghién citu khoa hoc trong linh vuc nay.



Hién nay cong nghé ti dong la mor trong nhitng hudng phdt trién céng
nghé miti nhon ciia ddat woc trong thé' ky 21, Nghi quvét 27CP cia Chinh
phit vé Chuong trinh Tu ding hod Quéc gia dd khang dinh vai tré guan
trong cia nganh céng nghé nay.

Nhitng cang trinh cong nghiép ton va trong diém hién nav déu diroe 1w
dong hod o miic dp twong d6i cao va chi yéu do nude ngodi ddm nhiem. Pé
lam cini duge cde cong nghé mai nay, cdn bo kv thuat khong nhitng ¢é kha
nang sit dung 101 ma phdi ¢6 kién thite cdn thiét va chuyén tdm nghién ciu,
itng dung dé co thé theo kip nhip diéw phét rién chung ciia thé gioi.

Mang Internet ngay cang diwge s dung réng rdi cho viée phd bién
nhiitng kién thire cho viée hoc tdp, nghién cin. Tuy nhién khong phdi bdt cir
al, ¢ déu cung ¢6 thé sit dung cd hiéuw qud, nhdt la viéce hoc tdp, nghién ciru
nhitng kién thite co sd mot cach cé hé theng.

Cong cif d¢ diéu kiién e déng khidng ngitng déi moéi va hoan thién, nhumg
nguyén 1y co ban vdn khiéng thay déi dang ké. Tuy nfiién cho dén nay, cdc rai
lidu vé nhitng van dé da néu van con it, nhitng diéu trén da thiic béach tac gid
bién soan bo sdch nay. Bo sdch “Ly thuyét diéu khién tu dong thong thuong
va hién dai” gém bon quyén: Quvén I: “Hé tuyén tinh”, Quvén 2: “Hé
xung s6”, Quyén 3: “Hé phi tuyén - Hé ngau nhién”, va Quyén 4: “Hé t5i
e - Hé thich nghi”.

Quyén 4. “Ué t6i wu - Hé thich nghi” da tdi bdn nam 2000, lin 1di bdn
nay ¢6 sira d6i, bo sung & phdn I va phin 1. Quyén nay cé ba phdn:

Phan [: Chat lugng 161 wu thudng gdp. Nhdc lai mét s6 chi tiéu chdt
leong thudng ding dé danh gid chdt lugng ciia mét hé, trén co sé dé xdy
ditng cdec hé 167 wu ciing nhu thich nghi. dJ ddy citng néu vidn tdt mot sé
phitong phap tong hop cdc hé diéu khién thong thieong nhdim bdo ddm cho hé
¢6 ehat liwong 167 wu. DE gidm bot trimg Idp, mét 36 vdn dé dad dicoe néi dén &
Quyén [ mot cdeh day dii thi chi nhdc lai nhitng kién thite cdn thiét.

Phdan l: Diéu khién 61 wu. N6i dén déic diém chung ciia cic bai todn 61
wu ciing niue né.. lén mot s6 vi du cu hé hinh thanh cdc bai todn t61 wu khic
nhau, nhitng vi du nady dige ding dén va duoe gidi theo nhiing phiong phdp
khdc nhau. Trong pldn nay e6 néi dén nhitng phiong phdp théng dung dé gidi
bai todn 61 wu nhu ditng phicong trinh Euler, phuong phdp Quy hoach déng
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cita Bellman, ding phuong trinh Hamilton - Jacobi, Hamilton - Pontryagin,
Ricarti. ..

Phdn I1: Diéu khién thich nghi. Phdn nay khdo sdt mét vai hé cue tri va
1ong két cdc phwong phdp khiac nhau dé xdy ding cde Ihé cuc i ciing nhie
khdo sdt ding hoc cita hé cuwce tri da duge hinh thanh nhie mot Iy tiivér hoan
chinht. Trong phdn nay néu 1én nhiéu phirong phip khdc nhau dé xdy duny
cde h¢ thich nghi tong hop theo phuong phdp gidi tich nhue plucong phdp todn
te phu, theo ludt MIT, phuwong phdp nhay cdm, pliuong phdp wic luong,
phitong phdp Lyapunév... Viéc tdng hop cde hé thich nght voi doi teong phi
fuyén tinlh con ¢é niiéu khé kidn cho nén é ddy cé bé sung thém nhimg ki¢n
thitc co ban vé plucong phap Lyapunév mo réong [23].

Hé thich nghi ¢6 nlién, da dang, duoc téng hop theo nhiéu hiéng khar
nhau; do do trong phin nay cé néu lén phuong phdp tong quat dé khdo sdt
cdc hé thich nghi [38, 39} dé viéc nghién citu dé dang hon va ciing la co so
d€ xdy ditng cdc hé méi.

Sdch dé cap nhiéu vdn dé, néu nhiéu vi du thuc té, dugc ding lam tai
liéu hoc tap, tham khdo cho sinh vién, nghién citu sinh va cén b khoa hoc
k¥ thudt trong {tnk viee tw dong va diéu khién.

Ranh gici giita 1y thuyét diéu khién thong thuong va hién dai kfiGng ro
rang {5, 0, 13, 22], vi vdy ed b¢ sdch ndy mang mét tén chung la “L¥ thuyét
diéu khién te déng thong thitong va hién dai”. Hon nita, theo cde nha ticong
lai hioc thé giGi thi chiing ta dang & vao thoi ky “hau hién dai” hay “Lan
séng thit Ba™, Lan séng thit Nhdt - cudc cdch mang nong nghiép rrai qua
nhiéu nghin ndm. Lan séng tine Hai la nén van minh cong nghiép do 300
ndm. Lan song thit Ba quét suct lich sit va hoan tdt chi trong mdy thap nién
[42, 43]. Vi vdy nhiém vu cia nhitng chuyén gia vé didu khién lai cang ndng
né han bao gié hét.

Tdc gid rdt mong ban doc gép y kién dé sach ngay cang hoan thién hon.

Tdc gid chdn thanh cdm on cdc ban dong nghiép, cdc cdn bé thude Nha
xudt ban Khoa hoc va K¥ thugt da giip di thiét thice d¢ hoan thanh dige bo

sach nay.

Tiac gia
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DAT VAN DE

Dé& lam r6 muc tiéu cing nhu thang nhat tit dau nhitng khai niém. dinh
nghia, cich mé ta v.v... ta ldy vi dy vé didu khi€n dién ap eta may phat nhu
dh 1-1.

Dién ap u phu thuje dong dién kich tir i, vi phy tai (thé hién bing i,
Néu kich tir va phu tai khong déi, 16c do quay cia maiy phat o khong dai rhx
dién ap may phat khong dai. Khi
thay dgi phu tai, mudn giv cho

dién dap mdy phat nhy ci hoac
thay déi trong pham vi nhd vai
phu tdi kh:ic nhau, can thay ddi
dong kich tit: tang dong Kich (i

khi dién ap may phal giam va

giam dong kich tit khi dién ap

may phat tang. 3
Thay d6i dong kich tit eg thé

duge thye hién bang cdch thay

d61 vi tri con trugt (thay ddi

thang 6 dién trd mach kich tin :

hay thay déi dién ap kich tir (thay

ddi iin hidu digu khién mach kich Hioh A1,

tir). Co ciu diéu khién hay co cdu dieu chinh sé& thue hien chidc nang tren.
Sa dé tong quat mal hé didéu khién nhu & hinh 1-2. Hé digu khign (HDK)

co thé hd hay kin, & do v - tin hiéu duge diéu khién itrong vi du trén la dién

Ap ul, x - tin hiéu didu khién. Trong trudng hgp diéu chinh dién ap & vi du

trén (h.1-1}, HDK la hé kin,

ngoai dol tugng diéu khién f

la may phat con co bd didu (-

chinh s& d@& cap § cac phiin  x > Lo
. . ™~ HOK ccp -

sau. ¥ - tin hiéu mong Yy

muon. e = y -y - tin hitu €

=i léch, Trong hé disu

chinh, ¥, 1A khong doi hay Hinh 1-2.
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hién déi theo mot quy luat dinh trude do co cau dat (CCD) xde dinh. Nhu khi
can thay déi nhiét do 16 theo mot quy luat nao dé & qua trinh nung, siy trong
hé did¢u chinh nhist d¢ thi ¥, la dau ra cla mot o cdu dat chuang trinh. O
cae hé didu khién nsi chung, CCD 13 mot bo loe ed tin hidu ra vugl trude,
cham sau hay theo mot quy luat nae dd.

Co eilu digu chinh & cac

hé diéu chinh I1a co cidu hieu f
chinh cling véi cac khuéich dai, x, e o Y
bo diéu chinh hay t8 hop cua ccoc proc

ching cing nhu may tinh (—/

ciing cae thiét bi chuyén ddi
tuong tu - $6 (A 50 - tuong
i (DAY, Cong cu d6 thye hién Hinh 1-3.

o thé khide nhau vé ban chdt vat ly. Cang nghé cang phat trién, edng cy cang
tinh x40 nhung nguyén 1y hoat dong cua hé théng van khong thay déi. Trén
h.1-3 la so d6 khéi mét hé diéu chinh hay he tuy déng thutng gap trong thuc
té.

Trong trudng hdp chung, ddi tugng diéu khién thay diéu chinh} la mét
t6 hdp cde ddi tugng cling hay khdac nhau vé ban chat vat Iy va cde tin hiéu
u, foy vive 14 ede vécta (8 hé théng 1dn).

Mot he diéu khign lam viée t6t 1a he luan & trang thai téi vu theo mot
nghia nae d6. Trang thdi téi uu co dat duge hay khong tuy thude vao yéu cau
chit lugng dat ra, tuy thude vao sy hidu hist ve doi tugng va cac tac dong
doi val doi tugng, tuy thude vao digu kién lam viec eia hé diéu khién.

Chat ligng etia mot hé o thé duge danh gid theo sai léch caa dai lugng
dude diéu khién y so véi tri 86 mong mudn v, luong qua digu chinh (tri s6
cue dat y, 50 vai tri s0 xdc 1ap yies) tinh theo phan tram & thai ky qua doi
thai gian qua do v.v.. hay theo mot chi tiéu hén hop trong digu kién lam viac
nhit dinh nhu han ch& v& cong sudt, vé tée do, gla toc v.v... Do dd viéc chon
mot luat diéu khién va eo cau didgu khién dé dat duge ché do lam viée téi wu
ron tiy thude vao lugng thong tin ban dau ma ta od duge. '

Cuén sach nay sé dé cap dén van dé dicu khién tdi wu theo miic do co

e vé Itgng thong tin ban diu can thiét,

12



Phan |
Chat luong toi uu thudng gap

Trude khi nghién cin cace phuong phap hién dai d¢ t3i uu hda cae he disu
khién. cic qua trinh, cin nhac dén cac phudng phap thusng dung trong thue
1é¢ dé tinh todan cic hé digu chinh, cac hé LUy dong thudgng gap. Muc tiéu ja
xitc dinh cde théng 6 tOi wu clia ede bo didu chinh.

Tinh teian dude thue hién chd véu che eac hé tuyén tinh.

1.1 CHAT LUONG CUA HE DIEU CHINH TU DONG

Trong vi dy diu tién. d6i tugng 1a mot may phat mot chiéu, khi ¢ nhiéu
tac dong, dién 4p may phat sé gidam nhu & h.[-1. Nhiém vu caa b digu chinh
la lam sao d¢ dién ap v trd lai trl 56 mong mudén ban diu sau mot thai gian
qua &o. Thue 1€ 1a dién dap cudi cung dat duge tuy thuoe vao bo didu chinh
da chon. sau khi da on dinh ¢ trang thdi xdc 1ap s6 cd mét sai 6 nao dé so
vl tri 86 mong muén. Dd la chit lugng tinh duge danh gia bang sai 26 tinh.

Trong qua trinh qua dé. chdt lugng cang duge ddanh gia bdi thai khoang
dién ra qud trinh qua do 1a dai hay ngin, lugng qud diéu chinh o6 nam trong
pham vi cho phép khang v.v... Tuy thude vao hé cu thé ma yéu cau vé chit
hegng dude dianh gia cu the,

I.1.1 CHAT LUONG TINH

O hé didu chinh. chat lugng tinh duge danh gia theo sai léch tinh:

€. = lim et} = ploo}

B
{ = x

Trong trutng hop chung, néu co cdu didu khién va déi tugng diéu khidn
r6 ham truyén dat tuong dng véi:
Wiy = Gu{S)Gdt(S)
thi theo dinh Iy tdi han, sai léch tinh duge xace dinh bdi:
e, = lim elt)r = lims Ety} (1-1)

[ o= s =0
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va theo so d9 khoi  h.1-3

1
E(s) = ————— X(s) (1-2)
1+ G, (5)G g (5) |
Nhu wvay, theo t1-1) va (1-2) =sai léch tinh phu thude vao cdu tric va
thong 3 cia hé théng ecing nhu tin hicu vao. O cac hé digdu chinh, khi tin
hiéu vao cd dang bac thang don vi (dai luong tugng doi) xit) = 1it); x(t) =

X(s) = 1 -thi:

1
e.= hm —— t1-3)
oo e 1+ Wik

Vi du 1.

Khi he thong 1a mot khau guan tinh gian Jdon thi:

o= lim— = gy Dl ] t1-4)
T AU K so0 Ts+1+K 1+ K
Ts+1
Sai léch tinh ty 1é nguge véi hé 26 khudeh dai Ko mudn giam sai léch tinh
cian tang hé s0 khuéch dai cia hé théng |

Vi du 2.

Khi hé thang, ngeai quan tinh ¢on od mot khau tich phan, nhy d cac bé
diéu chinh tich phan (It chang han thi:
e, = lim __.1— = lim M = 0 (1-5)
- s—)(}1+ K _ s=0 §(Ts+ D+ K
s(Ts+ 1)

Sai {éch tinh khong ton tai va hé ndi trén la vé sai tinh,
Vi du 3.
Vdéi hé cd mot khau guan tinh va khau tich phan nhu & vi du 2, néu tin

. , _ 1 .
hiéu vao bign déi tuydén tinh theo thoi gian (x = t; x(s) = —) thi sai léch
2
tinh =é la:

. 1 ] : (Ts+1) 1 1 o
e,=Ilm———==lim — — = — (1-6)
>0 K 2 o0 s(Ts+D+K s K

A(Ts+1)



He trén khong con la va sai tinh ma sai lech tinh vin tén tai va ty lé
ngude vdi hé ¢ khudch dai.

Nhu vay néu biét ciu truc va théng sé cia hé cing nhu dang tin hidu
V&0, ta tinh duge sai léch tinh cia hé digu khién so voi tri 6 mong muén &
trang thai xac lap.

I.1.2 CHAT LUONG DONG

Chat lugng dong co thé dianh gia bang tinh toan hay bang phuong phap
d6 thi nhung chi gan dung hoac mit nhiéu thii gian. Néu bist cdu trac va
thong s6 eta hé. phuong phap mé hinh hda trén may tinh viza nhanh chdng.
vita dd chinh xdc. Bang thye nghiém trén hé thye, viee danh gia truc tiép
chilt Iugng dong cang thuan Ldi.

Trén h.1-4 1a ham qua d6 htty (dip dng cua hé khi tin hiéu vao la bie
thang don vi ixtt) = 10th vdi cdc chi tiéu chdt lugng dong sau:

- Luong qua didu chinh

h - hiteey

o =% 100
hiee}
- Thai gian qui dé tqd 1a thoi gian duge tinh tit lic ham qua do duoce

xem la khong ldn hon mién sai s6 £5% hte),
- D¢ tac dong 4 ACE)
nhanh c¢ta hé et} 4
duge  danh  gid .
bang t, - thai P 7 TR
. o s ¥
rian dap dng, tha

h(t) 24

diem ma ham qud
do dar duge tri 56
htee ) lan dau tién.

-t 14 thai

|
|
|
|
|
1
1
|
i
2 |

di€m ma ham qua

F—— e e a -

(

te _—lad L

o —

da ed tri 86 cuc

dai b .
; AL Hinh 1-4.

- nla so lan

diao dong quanh tri s6 xde lap hi=i trude khi "két thiae” quai trinh qua do.



1.1.3. CHAT LUONG HON HOP

O mot mue dé nao dd, chit lugng dong va tinh o6 the duge danh gia theo
chi tiéu hon hop. Phuong phap dinh gida nay rat thuan 1gi trong tinh toan va
thue nghiém dé phan tich va tang hgp cac hé o1 wu.

Néu hugng ra hit)(va cimg véi no sai loch e(t)) khong dao dong quanh i

50 xiAc lap hiee), ding tidu chudn tich phan dang:

J, = ettadt 11-7)

Khi ¢o dao ddng, tidu chudn trén khong dung duge ivi nhitng dién tich
hap thanh bai eit) va truc hoanh t ¢d ddu khace nhau va co thé bi nhaul, e .
thé dung tiéu chudn tich phan dang:

Jyo=f Jettr]| dt (1-8)
0

£
hay d.o= f estt) dt (1-9)
0

Tiéu chuan (1-91 khac (1-8) § chd tiéu chudn (1-9} xem nhe nhing dién
tich bé nhung thuan lgi han trong tinh todn.

Trong mot s6 trudgng hop ngudi ta eon diung cie tidu chudn khde nhu:

Jy = J t]ertr| dt (1-16
: rh
% de
hay d, = J [e<{t) + a— ] dt {1-11)
i dt

« 13 trong s6 dé danh gia muic d¢ quan trgng cua téc do bisn ddi cia sai
léch {cling nhu eda lugng ra) so vdi binh phudng ctia sai léch,

Tuy thude vac muc dich cu th€ ma chon tiéu chuan nay hay tiéu chuin
kh:ac. Heé s6 chat ldong téi vu duge danh gia bang cuc tifu eda cdc phidm
ham tkhac v4i khai nidm vé ham - bién 56 la tri s6; phiém ham - bién 1a moat
ham! da chon. Chung o6 thé xdc dinh bang thuc nghiém hay tinh todn trong
mot thai gian htu han,

I.2. CHON THONG SO TOI UU CUA CO CAU DIEU KHIEN

Viéc chon cau truc va thong s6 t6i tu cua b diéu chinh noi riéng hay co
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cdu di¢u khien (CCDK) ndi chung 12 budc quan trong cta bai tosn tong hup
hée didu khién. O day chi dé cap d&n mot s6 phuong phdp gian don, thuiong
dung dé¢ chon thong s6 téi wvu theo mét chi tidu chat higng nhat dinh.

{.2.1 PHUONG PHAP DA THUC DAC TRUNG CO HE SO SUY GIAM
THAY D01 DUQC [25]

Cac hé tuyén tinh co-dac didm quan trong vé nguyén ly xép chong nguvén
nhan va hau qua. Digu ddé c¢o nghia la néu cung mat lide hé chiu nhigdu tic
dong nhu tin hidu digu khién va nhiéu thi anh huong caa ching ¢ the duge
nghién cdu riéng biét.

Dap ding dong hoc v(t) cia mot hé khi 6 tdc dong xit) od thé dude mo
ta theo phuong trinh vi phan tdng quat cho trudng hgp heé tuyén tinh nhu
Sl

dy dNy
a.y + a, a-t— + ...+ a:\,W =
dx dMx e
= bx + b, PR Ty (1-12)

O cdc hé thuc té& hac cla vé& phai khong thé cao hon biac clia vé trai (M
= Ni.

Bang cach dung toan th 5 = dt—lt phudng trinh vi phan (1-12) cho phép
xdac dinh ham truyén dat:

Yis) b, + bs + .. + bysM
Wis) = = , (1-13)
X(s) a, + as + .+ ags® -
g0z
. . 15
Cac tigu chudn 6n dinh chi h /\\ {
cho phép xdc dinh kha nang én 0.4 N )

dinh cia hé theo (1-12) hay / s TN

(1-13) nhung khong cho phép 7 / Q%/c /i?‘“ :
i
8

\\\H—_

danh gia dinh lugng chinh xac

chit lugng dong cia heé. V

Phudng phap hé s6 suy gidm o3 4

thay déi duge, dua vao da thuace

chudn bac 2 di duge nghién ;
citu day da, dé téng quiit hda 0 > y . P o

Hinh 1.5.
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rhe hés biae cno hon [25]).
Hiam truydn cia he bae hai:

Fill (."J““
Wis)r = —_— = _ . t1- 04
4, + as 4+ a.s- w7+ 2;(;:“5 + 5=

O day o - tan 560 ricng;

¢ - hé w6 suy giam. Ham qua do vai cae tri =8 con & khae nhau neu &
h1-5 Co 3 trf 0 dac trung eta & nhu sau:

a2 = 1 trl =0 niy dude chon vai thisi gian qua 4o 14 ngan nhat va khong
co qui diéu chinh.

b1 & = 0.7 tri 8 nay twong \Wng véi luong qua diéu chinh khoang &
v dude xem 1 161 wu trong linh vye do luding va dicu chinh cace déi tudng
eong nghicp ¢« theo tieu chuian -8y,

cr & = U5 trugng hyp nay tudng ung vai do tic dong nhanh t6t Y
nhung lugng qua diéu chinh lén hon. thuing diung trong cdac hé tuy dong
itudng dng val tiéu chuin 1-9,

O hé bie hai, hé s6 suy giam lien hé véi cde hé =6 cun phudng trinh dac
frung bang bigu thuae sau:

[ Y,
4:- = n | 11-15:

Tudng tu nhu & he bac hai trén, trudgng hop hé bac N védi ham truyén:

a
Wis) = (1-16)
a + as + a,s° + .. + a,sN
0 | 2 N
ta dung hé sa dac trung
a 2 a 2 n 2
H g ’
6 = ! Vo, = - Pty = v A (1-17
A A, a8, U
vl taAn s0 dac trung:
a a a .
w, = ” D= ] Do o, = . (1-18)
a, E‘l: a, . 1
T 11-17) va {1-18) ta co
&0 [£1 (s
o= ! D =—= =" . (1-19
4, e ) |
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l.2.1.1 Déc diém cua da thirc dac trung cé hé s6 suy giam thay
déi duoc
Mot da thite da cho duge xdae dinh bang cach cho mot tan sé dac tring
thit nhat ¢ va hé 56 suy giam . Néu tan 86 thd nhat e gia trj w  thi cac

tan =0 khie duge xiie dinh bang ciach nhan ké tiep nhau voi .

B
Thue vay, theo (1-18r va (1-19), visi w, = o taed:
a
. i
A, aa T
ey = = = — = (‘{f.'J‘
@, 1,4, Ay, g

Tuong ty nhu vay ta x:dc dinh:
(SENREE S LU <'€2(.-1U. {("w“.
DE tinh cic hé 6 cia mot da thie, ta cho mét hé s6 bat k¥ bang 1 roi
ruan tu tinh edc hé 86 khao, Vi du. khi cho a, = 1. cac hé s6 khac ¢ duge

hang cach chia cho cde tan w0 dace trung, voi a, = 1, theo (1-18);

i )
Ay =— = feoeg = ¢ e
- [h} [

(.’J]

Tuong tu nhu vay
L] - o,

ta ¢d cac hé s0: i
i, w“_l, <'c_lwﬂ_‘3, 5 . 4
n=248 3
(r_';m“ ", (I“'UJ”“J‘,
10 Vd y %
Nguge lai, néu =5 &

cho trude a, = 1 cho
hé bdc bén chang han,
cae hé 36 cuia phuong 05 6
trinh dac trung xac %

dinh bang cdch nhan Z

vdi eac tdn so dac ™4

trung. Tinh ngude lai, “o!

tit phai sang trai, ta ! z 3 4

(4

Hinh 1-6.
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a

R - — 3

a, = = 11 ay = auuy = @u,
U)-‘\

1

— W —3 2 _ s
a, = Ag, Sw atw | = arw

- 1

2

Tuong tu nhu vay ta tinh duge

3 5.2

: [
4, e, o w

1

Tu cac vi du trén, tin 6 dac tring va cac hé s3 dude xde dinh theo bigu
thic:

. .
oo . e Y

o

|
= T
U)” LR £ 0

(1-20,
a4 =N l].-".lw n
n (9]

Trén h.1-6 cd ham qua do voi n khac nhau va cing mat hé 6 dac trung
= 175 SU khic het) of= 65 18
nthau cla cac ham 2 N23
qua do la khéng /
16n lam. O h.1-7 2 %
14 ham qua dé vdi 25

«r khac nhau cua
hé bic cao. Gidng o

e . . . 0.5
nhu & hé bac 2 T~ g

th.1-5) hé s6 « ¢d 20

b rg
[
Y/

tinh chat clia hé

30 suy giam trong ’ ot

trudng hap cd dao ! 2 3 4
dong. a cang bé, Hinh 1-7.
lugng qua diéu chinh o% cang lgn.

Lugng qua diéu chinh o% lién hé vdi o theo biéu thic thuc nghiém sau:

log(o%) = 4,8 - 2a (1-213
O bang 1-1 cho két qua 4

tri 86 « va 0%, cling nhu hé =6 Bang 1-]
suy gidm £ ¢Ua hé bac 2 cung & La% 5 4
lugng qud diéu chinh. Tri s6 « R I '

) ] 16 40% 03
khéng duge bé hon 1,6 va véi 175 . o0% ; 045
khodng bang 1,5 hé trd nén mat 2 L 6% ! 07

én dinh. 24 I ! 03
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Thai gian ham qua do dat cuc dai duge tinh bang

2.2 2.2a
t, ~ — = | t1-22
1]

1.2.1.2 Anh hudng cua tir s6 ham truyén

O bhigdu thuic {1- 16), bac cha tif s6 )a khong. Bac & ti s6 s6 lam tang lUgng
qui diéu chinh va gidm thai gian t,. D& od lugng qua didu chinh cho wrudc
g%, tuy thude viao e (§11-21) khi tir 86 bac khongima dung hé s8 hieu dinh.

Khi t¢ 36 cia ham rtruyén cd bac mét

a + a's

Wis) = v L (1-23
a + as + a,s5° + ..

L |

Ul'l

¢
thi a = 1.5 4+ 4 ;
w

- 1,9, (1-24)

0

mit w = a /a
W i 1.

&’ tinh theo mau s6 cla bi€u thic (1-23) va ding (1-24) d& tinh lai ¢ r6i
xac dinh lugng qua diéu chinh theo (1-21).

N o e 1

Thai gian t, dude hiéu dinh theo t', = 22|— — —=~1! ;
wo 20’) .

Khi ti 6 cda ham wruyén oo bac hai:

3

_ a’ + a8 + a,st
Wis) = ‘ < i1-25)
a, T as + a;s? +
thi bigu thuie higu dinh la:
A
1 s fU“"
o= 1,5 + 1,6 7 — (« - 1,5, (1-26)
(I)”“
“, a . a -
ma o - = ‘” R T l
a, a’ al,
Thai gian t,, duge hiéu dinh theo:
. . 1 1
(.; = 2,_},1 _ - — I {._1—2?'}
i Lis
(B} Lk
1.2.1.3. Vi du Ong dung
O h. 1-8,d6i tugng diéu khifn co ham truyén dat.
1 "
Gi{s)= —— (1-28i

(l+s)4
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Ba ditu chinh can siie dinh 14

ho (¥ 16 vi tich phan PIID ham 5 . € . u o] . y
rruyen tudng ung vdi: -._Q'_ = At T (s) -
, . Lo _
(;“}:K_,+K¢,.~;+K[s L -
5
(1.2 Hinh 1-8.
ma cae he =0 Kocan tinh (0= 210, 1v

Ham truxdén edn hé ki teen hol-8 ed dang
3
K, +Kys+K;s”

W)= ; 5
s(les)” + K|+ Kps+K 5

Ba thie dac tinh 1
K, + K, +1is + K + 45 + 657 + 48t + 67 =0
Nhu vity wie hé w0 o se la:

K K, + LK =46 41
(2]

ciing nhu :w4 theo t1-15

Hai tan =0 dac trung cudl cung oy va o,

viv 1= 191 da duge siie dinh theo diéu kién bai 1oian da cho:

", iy G , _
vy = = 4 ty i . = — = l‘."}‘ g{l = = 2_;"
s ' a, 4 try
N
vhon ««° = 1.7 ehiing han, ta xiace dinh cide tan <6 dac trung con lai nhu sau
TN 1.5 R 0,88
t, =—— = — = 088w = —F = = 0,52
: p- -
e 1.0 ¥ 1.5
oy 0,52 )
W, m— = = 1.305
i 1.7 )

Bay gi tinh cae hé =6 a . i, eon lai

il = ., = b x U.HH = -’_].3
ayo= aye = 03 x 0562 = 254
a, o= apo, = 274 0 0305 = 0.84

A

(ol cung két qua tinh toin nhu sau:
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w 0,305; 0.52; 0,88, 1.5; 4
a;: 0.84; 2.74; 5,3: G
Bo dieu chinh PID ¢6 cae thong s6 sau:

081 + 1.74s + 1,352
Gist = (1-30
5

Theo t1-26) voi o’ = 1,7 tinh lai « = 1,65. Bidu thde (1-21} cho phép

xac dinh 0% = 32% va 11-271 cho két qua; t' = 4.4

Néu lay «' = 1.8 1a tinh lai « = 1.77 va o% = 18%, ¢’ = 5,7.

1.2.2. PHUONG PHAP BU HANG SO THO! GIAN TROI [2}
1.2.2.1 Khai niém chung

Trong cic hé diéu khién cac dai tugng cong nghiép, thutsng gap nhimng
doi tugng ©é mot, hai hang s6 thoi gian lén; trong khi 4y, ed ciu diéu khién
chang cd d6 t1é hay quén tinh rat bé. Vi dy & cic 1o nhiét do thudng cd quan
tinh ldn, cic hé diéu chinh tée do dong ca co quan tinh dién tit va dicn ca
lon so vai cd cdu didu khién chung la tiristo o6 do tré be.

Trong nhitng trugng hop dy, néu chon cic bo didu chinh c6 kha nang bl
trif nhilmg hang s thdi gian 1an va dua ham truyén cia hé vé dang (1-14)
th 56 ed dude mot hé té vu, Hé téi wu o6 dude khi bil du cdc hing s6 thai
gian tréi va modun cba dae tinh tin hé kin d6i voi cdac tan sé bé 1a mot hang:

I\f\"kljw” =1 (1-31)
nghia 1a khi v - 0, madun cta cac dac tinh tan he ha | Wije) | = = do dd
trong hé phai ¢d khau tich phan. Véi tan s6 cao, dieu kién (1-31) sé khong
thé thoa man duge va khi w =, do ton tai cac hang =6 tich phan Ti va hang
%0 thai gian bé tit nhitng dé tré bé ctia eo cau dieu khién ma | W tiw) | - 0,
Tu dd. tan s6 et cang lan cang tét.

Trén ca = nay hinh thanh "tiéu chuin phang” dé chon cac bé didu chinh
vt xidce dinh thdng s6 etia ching,

1.2.2.2 Tiéu chudn "phang"

Tu nhing yéu cau da néu trén, tiéu chusn "phang” doi héi dac tinh tan
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| Wije) | e dang "phiang”. nghia la hé ¢6 hanh vi cia mot khau tich phan.

Trusng hop tang qudt, khi doi tugng cd dang:

. ] M 1
o6 = KKH--J l_+T\_ks _|l-_—-[ L1+ Tys (-2
viy he diéu chinh cd dang
G = — 1+ T e (1-33)
TIS L Jk
thi phai chon bo digu chinh sao cho:
n, = n _
T o~ {1-34
Jdk sk

Can phai bt nhing hang s0 thdi gian lon cia d6i tuong T bang thong
s0 T, cla bo digu chinh. Trong nhing truéng hop, vi hang 6 thii gian hé
chitn dung nhiéu dé tré bé cang lai:

I'Wl‘

= N T (1-30)

| — I1)
1 :

1

([\

nén khong duge b hang s0 thdi gian tuong duong T, vi nhu thé hé cd the
méit 6n dinh dac tinh pha cua khau tuang dudng nay khéng phai la dae tinh
pha cua mot khauw quan tinh).

Néw =0 lugng ciua cae khau quian tinh cda d6i tadgng qud 1on n, > n, thi
cac hang sd thoi gian troi hon 26 dude bu uu tién va hé khong cdn 1a tdi uu,
Trong nhing trudng hop nhu vay phai diung phugng phap néi tiép cac bo diéu
chinh hoac dung cdc bo diéu chinh trang thai... nhu di néu & quyén | [32].

Sau khi da bu, hé hd od dang nhu sau:

Wis) = i1-36)

sT [ 1l + sT)

G day con lai T, - hang 6 tich phan cia bé diéu chinh can duge xac dinh.
Ham truyén ciaa hé kin =au khi da bu co dang:

1 1
Wiis) = = t1-37
: 1 ny,

ST, 141 + sT,,)
o |

_+

- Wis)
1 +

4
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Binh phuong médun eta dac tinh tan duge xde dinh béi:

W'kz{j(ui = W‘l‘l_j(r) Iwkl_—jw! =

1
- . (1-38)
TI rr\i ”|‘ .\ 'l"lh nh .
b — t— - 28T " + 4 —=F T, Tt + ..
K O = CH
i / / ¥, .
, _ ogq/ W )
D& thoa méin digu kién (1-831) g / /
. . . N o . .o “H“-
thi vé& thd hai 6 mau 88 caa bigu ' 1
thiie 11-38) phaj bang khong. Tinh a7, 7
dén hang -,0 thoi gian bé tuong ! @
duong & bidu thae (1-35) ta xac
dinh hang =6 tich phan cia bo disu
: Hinh 1-9.
chinh:
T, = 2ZKT,,. (1-39

Sau khi dit chon va xiac dinh dung thong s6 cia bo dieu chinh, ham truyen
mong mudn cia hé ¢d dang:
1

W's) = {1-40;
s2T\ (1 + sT)}

Hanh vi cva hé théng chi phu thuge vao hang s6 thii gian bé va dac tinh
tan cd dang nhu 6 h.1-9, tir d6 tiéu

chuin mang tén ticu chuan "phang”.

tHé kin, tuong dng vdi (1-40) cd §im
ham truyén: 1
3 1&\ 4 27,
1 [~
W, 'ts) = — | ~
L+s27 + 5271 - ! \\
I R,
{1-411 4 s
f | //
11-411 ¢6 2 nghiém cue: -
phet « a7, | i
1 o1 p o !
5 - — +- J-— :k: s
ol gy o e -
2T, 2T, 27,

phan bé trong mat phing nhu a

h.1-10.
Hinh 1-10.
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Tiéu chuan phing cho phép chon duoc ché do 1am viéc 181 wru véi hé s6

suy giam t&i vu nhu 0 phuong phdp dic trimg di d¢ cap trén.

Quy tac xdc dinh bé diéu chinh va chon thong sé theo tiéu chuan

¢6 thé 16m tat nhu & bang 1.2,

phang”

Bang 1-2

n, Bo diéu chinh T, T, (T.o) T,

1 p. InSt] T, KT,
TiS

2 PID: Tas+ H(Tys5+1) T, T, 2KT,
Tis

3 {(PID2): T T, T, 2KT,

(T,s+ {Ts+ D(Teas+1)
T;s

O bang 1-2, bd diéu chinh PID2 ¢6 thé bt di cic d6i twong ¢6 ba hing <6

thoi gian tréi nhung viée thye hién nhimg bo diéu chinh nhir viv co khé khan

va trong cong nghiép it dung dén.

1.2.2.3. Ham qua doé ddi vdi tin hidu dat

So sdnh (1-41) v&i ham truyén hé bac hai (1-14) ta ¢6 thé xdc dinh tan s8

riéng m, vi h¢ s6 suy giam £ bang:

! .
Wy = ~=—— \a L= Lm

V2T, V2

Ham qud d¢ cia he 161 vu trén ¢d dang:
' I
_ 1 )]
hity=1 - ebt’sz[cos‘ —]+51n' —W‘
L2 EX
A
nhur & hinh 1-11 lugng qué diéu chinh bing:

o% = 4,3% va thé gian ddp ing:
tm - 4‘71Tb‘

{1-42)

{(1-43)

Mitc 36 tic dong nhanh cha hé chi phu thudc vae hing s6 thot gian bé

tuong duong bing tong dai s6 cla cic dd tré bé trong hé. Do dé néu khéng bit

du vi cong nhitng hang s con lai vao hang s6 thoi gian bé tuong duong thi do

tac dong nhanh cla heé s€ giam rd rét.
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1,4
1,2
1,0
0.8
0,6
0.4
0,2

0.0

hit)

I ,

/ >QH 6us) G(s) |ow
/ 1 (-

[
/ : Hiah 1-12

i

5 10 15 t

. /T,

Hinh 1-11

1.2.2.4, Ham qua d& dai véi nhiéu

Ham truyén déi véi tac dong ciia nhiéu £ theo so dé trén hinh 1-12 ¢6 dang:

hit) 0,175
Fal
0,750 [\ o=
0,125[ \//
0,100 ’f\
0,075 HH—
‘,‘ ~ 20
0,050 =X
I’_-‘“"b \»—-.‘___
0,025 §r N = St i i g
1 50 r-—___"':_"——————__
0
~ 0,025
0 10 20 30 40 50 60 t/7,
Hinh 1-13
YU Gis)
Wiis) = 20 ( (1-44)

F(s) [+ G.(5)G(s)
Sau khi chon ding bd diéu chinh. trong moi truong hop ta déu cé:
v |
G.(s)G(s) =W (s) = m
Néu déi tugng 6 hai hdng sd thai gian 1én thi:
1
S et
_ K $2TL, (L +sTh)
S A+STOU+5Ty) (14 2T, +522T2)

W(s) = G(s) =

{(1-45)
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Ham truyén nay cd 4 nghiém cye, trong d¢ 2 nghiém thuc tuong duong

S T bi !
Vil - va bang - -
T, 7o,

. dong thai cd hai didm khong val nghiém bang khéng

] . , ) ' .
Vil - T Khi hé co mét hang s6 thai gian I6n tn_ =1) & biéu thie trén ta thay
|

T, = 0.

O ehé dg xdac lap (s = 0) ta cd W0y = 0 va anh hudng eda nhidu khong
con na. Khae véi truding hop trén, viée xdc dinh ham qud 4o déi vdi tac dong
cua nhiéu bang phuong phap gidi tich ¢ kho khan. Trén h.1-13 1a ham qua
do cho trudng hap d6i wtegng ed mot hang 30 thdi gian 16n duge thuce hién
trén mdy tinh, Theo két qua mé hinh hoa ta thidy khi tang hiang s& thai gian
et doi tugng, lugng qui digu chinh giam va nguoe lai thoi gian qua dé cang
dai. Nhu viy khi cé nhicu néu ding tiéu chuin phang thi thai gian dé hé xac

1
T T, d biEu thie t1-45).

|

lap sedai, do 1a anh huong cua cac cye -

1.2.3.1 Bé didu chinh ¢ dién va bé didu chinh trang thai

Trén h.1-14 1a so do khéi cia mét hé gébm ba khau quan tinh va co ciiu
dieu khién:

Hinh 1-14.
Ham truyén cia hé nguyén thuy (chua co cdc phan héi)
KleKiK‘lKl
{1+ sT 1l + sToil + 8Tl + sT

Wist = G (s)G(s) =

K
= t1-46)
I.)._li s

Gia thidt rang cac dai ludng x|, x,, x, déu do dugc va nim trong mach
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phan hoi voi cae hé 88 k,, k., k| fuong dng, cing nhu ¢ dau vaoe cd hé s6 k

Tin hiéu digu khi&n bao gdm:
uy, = ke - thx + kyx, + ki) (1-47)
Sa db khoi trén h.1-14 6 thé tuong duogng vdi 2 phuong én sau:
a. Bi dicu chinh cé dié'n
Ham truyén cia hé cd 3 mach vong dude xde dinh nhu sau:

K KKK
W (s) = dk 3™

¢

{1 + sT M1 + sTH1 + sT,0E + sT)) + KKk,

(1 + TRl + sT) + K

K
Dis)

KK k,(1 + sT) + K, KKKk,

(1-48)

Néu mo td thanh phan thya hai tré di & mau s cha (1-48) bai:

Dysr = K Kkl + 8Tl + sT)) +

K KJGK(L + sT) + K KKKk, = KG(s) ,

ta cd su db tudng
dudng voi h.1-14
va (1-48) nhu &
h.1-15 ma D(s) =
D, (s) + D,(s).
Cudgi cung
h.1-15 co thé bign
ddi tuong duong
nhu & h.1-16.
G.(s) chinh la
bd diéu chinh ed
dién duge =xac

dinh bai:

(=)

K

0,(s)

GCs) |

Hinh 1-15

(1-49)

G, (s)

0,(8)

Hinh 1-16.
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D (s} k, ky T, T, + T,
G.(s) = =k +— +—— + st — k, +
K K, K K,

k]

K, KK,
OTT,
+ s?ky —— = k(1 + ST, 1l + sT ) t1-500
K K.

D¢ 1a ho diéu chinh P, do vay cang can thiét cd bo loc & dau vao,

b. Bi dicu chinh trang thai

Xem W tg) la mdt khai thong s W, (s) ..__...x’= d
nhat, két hop vdoi sa dd trén h.1-14
ta cd sd do khéi gian don nhu o
hi1-17. . Hinh 1-17.

Vée ta trang thai trong truong hop téng quat duge bidu thi bai:

*
X2
X, = t1-51)
5 .
]. xH-\
Vie tg thong 16 cia mach phan hai
k! = [k ky .. k] {1-52
Phan hoi trang thai cua hé:
gy = kx4 ks + 0+ kox o= k\\_ll'xR (1-53)
(S . ' ' )

Tin hi¢u diéu khién bao gbvm ca dau vao:
u, = ke - k'x (1-54)
Ky hiéu "T" la ddu chuyén vi cda vée to.
Nhu vay dang tdng qual cta hé
x, = AXx_+ bu
' {1-55)

= ol
y = ¢ X,

So sanh voi hé nguyén thay 11-46), sau khi ding mach phan hséi trang
thai tuong dng vai W, (s) ta thdy bac cta chdng nhu nhau nhung chit lugng
dong va tinh ¢d thé thay déi trong pham vi ldn nhé& cac hé so k. ks, ky, k,
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nghia la ¢6 the' thay ddi mau =6 cna W,(s) (thay dai vi tri cie cye) trong khi
tu =6 khong thay dai. Bang phuong phip quy dao nghiém sé, xic dinh trude
vi trl cide nghiém ege dé théa mén chat luong da cho va tic d6 xae dinh cac
hés <6 phan hoi trang thii

Bé ditu chinh trang thii cho phép co duoe chit higng tot nhung nguge
fal viée kidfm tra va han ché nhitng tin hiéu néi tai qud ldn cung nhy vide xdc
dinh thong s cta bo diéu chinh ed phite tap hon, Do d6 nén dung cdac bo dicu
chinh trang thai ed han ché tin hidu ra & hé diéu chinh trong cac he phue

.

1.2.3.2. Chon théng s6 cua bd digu chinh trang thai

Dé co sai léch tinh bang khong ¢ ¢hé do xac lap nghia la vy = ¢, hé =6 k.
duge xace dinh theo disa kion:

K
k. [ =
¢ ik
Do) K, k, 1
Do dd k =— = k, + = +—— + t1-56)
[ K K, KK KuK KK,

Tuy nhién do ede thong s6 K\, K, K,, K;c6 thé thay d3i va cd nhidu tac
dong vao hé théng ma ta da khong tinh dén, nén y khong thé bang ¢ & trang
thai xde lap. Do dd can dua them vao mot khau tich phan od ham truyén

1 . . _ . . :
ST vit hée 50 khuéch dai k, d¢ hiéu chinh tin hiéu dieéu khién. N&u théng sé
i
cua hé thdng khéng thay déi va nhidu tac dong vao hé thong la khong ding
k& thi khong can cd khau nay.

Néu nhiéu tac dong vao hé théng ¢d thé do dudge, cd the dung hé s6 k,

dé bt anh hudng cia nhiéu Nhu vay, tin hieu didu khien sé gom:

uy = ke - kf o+ kx, - k'x, ... (1-5T

Co cau didu khién va khau tich phan dua thém vao ¢é phuong trinh vi
phan tuong ding vai:

- ! + de {1-58)
Xjp = - T Xk Uk -
dk Jdk
. 1 L .
Xy =— ¢ - y) =— (o - Cq[x\.) t1-539}
T T o
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va sg d6 khéi nhu hinh [-18. B§ didu chinh trang thai gom cd phan hoi trang
thai, bé di¢u chinh tich phan, tin hiéu tryc tiép tit lugng dat ¢ cing nhu tir

P
I_Bé diéy chinh trang thai ~]| |
!
|
: C._I udk| Ko:;( u_& Y o
T T BT oK
! | f+ 5 Lk
I
IANE T | I
N 7 i s
| S i Ytke |
[ I
7 |
z oy
!
b %___n
Hinh 1-18.

nhiéu f. Do vay b6 digu chinh

trang thai tuong déi phuc tap so vdi ciac ho

diédu chinh théng thudng. Ngoai ra can tinh ¢én han ché tin hié¢u diéu khién:

um; TG > AT

Néu gigi han khong dat
tdi tht u, = o’y con khi dat
dén gidi han, tin hiéu x, cua
bd digu chinh tich phan duge
hiéu chinh theo duting diit nét
trén h.1-19. Khi ra khéi gidi
han, bé digu chinh tich phan
co trang thai ban dau t6t dé
khéong gay nén lugng qui digu
chinh lén. Trén h.1-20 1a so
dd thuc hién bo diéu chinh
trang thai tuong tu. Cac bo
digu chinh s6 hay ding may
tinh dé digu khi€n, c¢6 nguyén
ly tuong tu va phai ding dén
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ciac bo chuyén d8i AD, DA,

Khuéceh dai thuat tedan A} thue hién chie nang bé diéu chinh tich phan

O dau vao (-} ed cac dicn trd so sdnh R va R Mach phan héi co tu

Hinh 1-20.
Bién dp ra dude han ehé bdi khuéch dai thudt todn A, vdi ciac ditt § mach
phan hoi.

D¢ hiéa chinh lai bd didu chinh tich phan, dung khuéch dai thuat todin

A;. Dien ap ra bang:

R’h ,
u, = - — v, - u (-6
it

Néu tin hiéu ra chua dén nguong, u, = v’ thi u, = 0. Nguge lai, u

u
=é ty 1é voi chénh léch gitta v’ va u, hay o' va u
Dién ap u, thong qua R, tac dung vao bo diéu chinh tich phan va hiéu
Al Al - y
chinh lai tin hiéu ra u_khi gidgi han u, con ¢ nghia.

Trang thai cia bo diéu chinh tich phan dudge xac dinh bdi:
1 1 L} ° "
=-—T fe -y - Kty - u )l t1- 624
s

T = R C,

| v

T4l

[



k? R,L' R“
C Rd E-
u,dk = kL‘C - kif + ktlxd - kﬁ.[‘xx ' ‘]—63)

Khi tin hiéu ra dat dén ngudng, nghia Ja u,, = u lim
1 -
X4 :m e -y + kK fuydim - ke + ki + kslx,\_)] (1-64)
i [t ]
o) trang thai xac lap (s = Ok

1 1 i
X, = c -y ,+-k— tuglim - ke + kf + k!'x). (1-65)

k,n‘kd il
Trang thai xac lap ay sé dat dudge mot cdch nhanh chdng vdi hang s6 thoi
glan:

T, =——* . ma Koo, TL_<< T, . t1-66)

Khi chua dén gidi han ngutng:

Wy = u,dim +-Tli~, {¢c - y) (1-67)
.

Tin hiéu ra khi chua dén gidgi han ngudng u’, thuc t& bing tin hiéu gidi
han u,. O h1-21 c6 so
da khél cha bd diéu
chinh ma gigi han
ngudng duge thé hién
bang khau phi tuyén. Ba
diéu chinh c¢6 phan héi
noi tduge thuec hién

bang hé s6 k') sé tac

dong khi tin hiéu ra dat

T
2idi han cta ngudng. k

Chung ta sé tong hop ﬁ
lai ede- bude chon bo

diéu chinh trang thai
Hinh 1-21.
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sau khi gidi thich vé nguyén tac xay dung no.

I- Phwong trinh trang thdi hé 6ng thé

Két hgp (1-51). 11-58) va 11-59) ta c6 véc td trang thai téng the:

vd phuong trinh (1-35) bay gio cd dang:
x = Ax + bu, + bf + b,

¥y = €'x
trong da
-1T,, OF 0 K/ Tax
A = b, A 0] ;b= o
0 e T, 0 0
0 0
b. 5§ 0 ;b= by| 5 e =1[0ct 0]
LT 0

Phuong trinh (1-59) o6 dang:
uy = ke - kff-- k'x .
k' = [0 k! -kd]

B

i1- 68)

(1-69)

(1- 70}

(1-71)
i1-72)

Thay thé (1- 71} vao (1- 69) ta ¢6 thé xdc dinh phuong trinh trang thai

vi phan cda hé kin téng thé:

X = Agx + b + b f,

vili:
. - LTy, ‘k.«.[‘dedek kKT,
A, = A - bk! = b, A, 0
0 -u::lf,e"l‘.I 0
chd k"llrrpdk
b, = b+ bk, = b = b, - bk =
14T,

(1-73)

(1-74)



2. Phuwonyg trinh difc tinh cia hé (dng thé
Khi cho ¢ = 0.f = 0di11- 73 va ding bién d8i Laplace ta o6

sXisr - X, = A x(8) (1-76)

§
A day x 14 tri 86 ban i cha vectd trang thai téng thé. Ta ca:
1

xis) = sl - A VI = —————— 8] - Adadjx | 11-77)

T dettsh - A

Tit t1- 77+ ta xae dinh phuong trinh dac tinh cia hé kin:

et = detisld —A(;_l = " + 7 __]s” L Y8+ v, = 0. i1-78)
¢ie he =6 3 phu thude vio k\'l' va k|, tuy theo ma tran A, 6 (1- 741 Phugng
rranh dac tinh nay cho phiép xie dinh cde cue cia hé tong the.

Nguge lai. néu ciae cue 5, §,, ... s déu duge cho trude, nguoi fa co thé
hi¢'u thi phuong trinh dac tinh o dang khac:

(1-79)

Fis) =ts - s ts - sy U8 -5 b= s" 4w, _15“‘1 +o s e, =0

Mai quan hé gita cac cye p, v hé 6 « dudge xdc dinh theo dinh Iy Viete:

AT _'.SI * 52 +ot S.r‘l}’

o2 T 3182 MERIRE ot Snoo 484

...................... (1-80)
_ n. o

e, = -1Ms s, 8

Bang cach quan sat (1-78) va (1-79) 1a cd:

o=,
8 ' i1-81)

i=40 1 ..,n-1.
3. Ap dét cde cue va xde dinh hé 6 phdn Roi trang thdi
D& xac dinh cac hé 58 phan héi trang thai, nguti ta dung nguyén tic dp
dat eie nghiém  ie. Co n nghiém cye 5, s,, ., §, cua he kin tdng thé va tu
Jo tim ede hé =0 k va kin, + 1 = n - 1 hé s6); trang thdi x;, =u {h.1-18}
khéng ¢ mach phan hoi. Ap dat n = n_ +2 nghiém cuc khong phai moét cach
tia do ma tinh dén nhung didu kién han ché:

Angorit Leverrier [2] va dinh ly Viete xdc dinh bifu thdc saw:



] l
=Y S = WA = - —— HtrA 11- 823
ho r..
vk
Téng ctin cac nghiém eye khong phu thuse k! va k, Diéu kién thit hai
la hé =0 suy glam tuyét dai eue tigu £, Phai tuong déi thich hgp, T1é s6 suy
giam tuong doi 101 wu duge dac trung bdi mot eap nghiem phic lién hop oo
phan thie va do nhu nhau. Do do tugng dng vai (1- §2):
1
— Ay Vo 11-83)
ILH\' /
7 ~
~,

Biéun kién ¢1dgi han nay ed duge khi dat: N Re
-
-

el . i
Sp s = o= 8= - P .S
Vung d¢ ap dit car nghiém cue dude

mich =oc & h.1-22, it nhit nén co mot doi

1
= -

Pmm - f
n

nghiém phic lién hgp nam ¢ vung gidi han.
Trugng hap n >4 ean tinh dén ma tran
diéu khién dugc

C.= I Ab ... A" 1p] i1-84)

Hinh 1-22,

Sau khi tap hop cac hé s6 cua da thie dae tinh (1= 79 dudi dang vectd
hang:

QL 1. i1- 8%

‘0

Vée to hang cia phan hoi trang thai:

k' = {«" 11E. t1- 80)
na;
ol
\ elA
E =1: (1-87)
felan |

3 ma tran tn + 1. ni, vée to hing e! 1a nghiém cia hé phudng trinh
tuyén tinh:

elC,=100 . 011 i1- 88)

Bang cdch ap dat n cye g, .. .. s, ta tinh duoe véeto hang k' gom ¢o

cde hé 0 cua cde phan hoi trang thai ki, kyy o kvt kg
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4. Xde dinh hé 50 tin hiéu dift k.

He 56 k. khong xdc dinh theo phuong phap ap dat cdc cue. Néu yéu cau
dat ra la & trang thai xac lap khéng ¢ nhiéu, bg didu chinh tich phan khéng
tham gia, ta dat x| = 0 va luc bay git y phu thudc duy nhat vioe ¢ théng qua
hé s6 k.. Ta cd cung diéu kién vdi trugng hgp khong ¢d bd dieu chinh tich
phan trong hé. B4 didu chinh tich phan tham gia vao qua trinh qua dé va xac
lap dé hiéu chinh nhitng bién d&i nhod cta thong s6 va loai trit &nh hudng cua
nhiéu. Thue t& cho thay phuong phap nay cho lugng qua digu chinh 19n.

Maét phusng phap khac 1a xde dinh k. bang cach bu trit mét nghiém cye
cua hé téng thé kin. Ta dung mot s6 bign ddi sau:

k, ke,
(Jl(s)lk +—) 5 +
s'I‘I- k, + sk.T, kT,
Gis) = = =k T, ———— (1-89)
Kk, sT, sT,
I+ Gis)— k, + k, +
sT, G (s) G (s)
: ; Ry L .
Ham truyén dat G{si c¢d mot nghiém khong, bang - va néu bu vdi
nghiém cde s, ta xac dinh dugc: o
k;
k. = - (1- 90)
5. T,

5. Xdc dinh hé 56 bii nhifu k,

Trd lai vdi didu kién dau - bo digu chinh tich phan khong tham gia & qua
trinh xdc lap: x; = 0. () trang thai xac lap Xy = 0, x = 0 tir do:

Ax = - (bu + bf), (1-91)
u = K,u,. {1-92)
u, = ke - kf- k'x, t1-93)

Phuong trinh (1- 911 0 dang:

(A - deh_ﬁkqjlx = -[K,,bkec + (bf - K, bk)fl (1- 94)
Cudi cung ta ca:
y=c=c'x =K bk!'-A)[K bkec+ (b, -K,bk] (1-95)

dkTs e
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T dd ta xdac dinh k. va kg o

1 y
k. = T = = . (1-96)
c, (Kb kT - A)TBEK
c 'K, bk'" - A)'bf
_ 5 Ak TR b 5
ki = e 'K, bk - AbK, -9
5 8] S LA 1N

Nhu trén da néi, (1- 90) cho lugng qua digu chinh lan edbn (1-97) cho
tri 56 k, véi két qua t61. Truémg hap cd bist, khi nhiéu tac dong ¢ diu vao
cua doi tugng 1a bxl = b, ta co k, = 1,.*'de.

1.2.3.3. Vi du (ng dung

Ta khdo sat he digu chinh ¢ h.1-23. D4i tugng 1a mot khaw quan tinh o5
K, =1, T, = 0,06 s, cd cdu ditu khién: Ky = 1,2 Ty = 0,00167 s, [Tay xac

dinh thong s6 cta bo diéu chinh trang thai k. ky ki, k. Vi bai toin da cho
ta co:

1 K, .
{\\. = - —/— bw = T b\[ = bk’ C\;l = 1’ 11_98)
TI ’ Tl ’ ’
B 1-'!Tuk -k i de-"'Tdk dedka dk
A, =| KT, - UT, 0 : {1-99)

Hinh 1-23,
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Phudng trinh dac tinh o6 dang:

s+ DTy KERTy  -kgKe/T

dk k|
Fisy = dettsT - Ay = det 1 -K,/T, s + LT, 0
0 LT, 5
) 1 1 , 1 1 K, |
= 50 4+ e b M+ (— —  + K —— —— )5 +
ik L T Ty Pk 1
k K, K
S L — (1- 100}
I Lo r
Vin = 3, 1a cd ba nghiém cye vi theo 11- 82) .
\ l
§, + §. + 8, = v AL = - — ] = - 615,46 i1-101)
B Fl1 FI\l
Theo (1-70) va (1-753
et =10 1 0l
Ik KTk
!
_ 1
b, = | 0
‘ 1T
vit theo ¢!, b trén:
\ X X X l
ts- Ay == | AL X Ay
| X X X |
vit Ay, Ay, xac dinh theo Fish
-K, T, 0
B S
i T,
s + VT, -k K. /T
LN [U RS | R A N de K1
\\ = =-ktt- “m T !
) : ' T T
-KT, 0
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Tu (1-69) va (1-73)

K k
JK J
1 _ e T:[S TR
Gis) = ————— ¢lisl - Apadj b, =
dettsI - A 1 : (s - $Hs - 5,008 - s
O trang thal xde lap (s = Oy, GOy = 1;
K K k
LN (1- 102
Tl_ik Il rTi

Ddé 1a hé =0 cuéi cung cta biéu thie dac tinh Fis): ;7 = « . Theo dinh ly
Viete 11- 801 hé =0 nay bang tich cua cac nghiém cue. Nhu trén da ndi, ta
= bl trit nghiém cue s, do da (1- 80" cho ta:

k 1
— = EERTIRY
k T,
. . . .. 515, .
Ham truvén liec bdy gig la: Gis) = = . ta thay bac

(s - s;Ms - 8
cua hé giam. nghia la chit lugng dong duge nang cao. Bidu thiic nay cho phép
tinh ham gua do cta hé. sau khi ap dat cac cuc.
Vai vi du trén, theo phudng phip ap dat t6i uu cde cie. ta chon:

ST P E P sy = op (1-104)
~
b 47 . )
\\’F i heé gian don, ta lay:
_____ J
| \\ P 1 1 1 )
| N | po= Y t1- 105
t R Re 3 Tk T
¥ e
—F I // Vi TIL<:TI’ nén: p o=, 1—
; /// L 3 Ty
Mo -J9 Véi ba nghicm ap dat, da thic dac tinh co
//
- dang:
Hinh 1-24

Fisy =15 - g5 - s.30g - 5,0 =
=8t s, 4 5, + s )57 + (518, F 8,871 818,05 - 8 85,8, (1-106)

K&t hgp vl bidu thite ¢1-1000:

ta co

1
—— = =& + 5, + 5§, = 3n
T, [ 2 3 ¢
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1 K K
- — % k1 — — = 5;5; + 3§83 + 8,8, {1-1071
T T ) -
Jk 1 Jk I
kd de KI .
I T T T Sitasy
L, Ta T,

Phuong trinh tht nhat khing dinh lai (1- 104). Phuong trinh thd hai cho
ta xdc dinh:
(S T 8284 - 1
K,

_ T,T,s;s;, + 5

| t1- 108
K

k.

Phuong trinh thi ba & (1-107) cho phép xae dinh hé s§ phan hai trang
thai cia bo diéu chinh tich phan:

TdkT]

K

$18,8,. (1- 10¢h

i JETH

Sau khi thay thé cdac nghiém, theo (1-104) ta cd:

T.T4p" - 1 4 T2+ T,
TS . L sk 9y 5017
KK, 9K, K, T Ty 4
k T,T 2 (T, + T
B e _ b~ 1434 9571
T, K, K, 27K K, T T~
Tu (1- 900
k T, 2 T + T2
L TuT, 9p? = { LT a!” 7.0279.
pT KK, 9K K, [Ty,
1
vii cudl cung k, = = (,8333
de

Két qua mé hinh hia cho thiy so véi ché do téi uu bl dd cie hang so
thati gian Ign idasng a o hinh 1-25+ thai gian dap dng ¢ lén hon t_
= 0,012 nhung lugng qua diéu chinh d bo diéu chinh trang thai (dudng b ¢
h.1-25) khong khae & ché do tdi uu b di theo tiéu chudn phang. O bo didu
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chinh trang thai, ch€ do tSi uu khong phai chi phu thuéc hing s6 thai gian
bd.

| 1 | T I |
hA(E)
10 T e T
L a |
L b 4
05 - -
i i I | ! | | t
o015 003
Hinh 1-25,

I.2.4. BO DIEU CHINH LAM VIEC O CHE DO TRUOT

i.2.4.1 Ché dé truot & hé role

Trén h.1-26 1a mot d6i tugng diéu khién gom hai khau tich phan duge
diéu khi€n bai mot role hai vi tri nhu di néi dén & quyén 3 [34-3.43].

Hinh 1-26.
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Ta co thé cd hé phuong trinh sau:

dy,
—_— = }"
dt -
i1-11
dy,
== x K
dt .
Chia hai phuong trinh nay cho nhau
dy. K
1o . . (1111
dy, v’
y-dyv. £ Kdy, = O
. v
tir da: - 4+ Kyl = (I (-112)

2
t1- 112y 1a phuang trinh parabén ma
quy dao pha 1a 2 nlita parabdn vai duong
chuyén dai:

e = -y, = 0 ttruc y,!

7\
Quy dac pha nay dng vdai ché do tu \ -~

Jdao dong trong hé role: dao dong véi bién
d6 khong dai khi mat ca tin hiéu vao xit)
= (1

—K
/s&

lam viee. phan hai khong od tin hiéu) 4 Hinh 1-27.

That vay, khi cho xtt) mgt xung liong

ditang it bé d dau vao, tlue dau hé chua

Jdau ra cin rale ¥ tudng cd dai luong +K;

v. - dau ra cua khau tich phan oo tin hieu Kt y, - dau ra eda hé co ham

N

I ta Y - - 2, . a ~ o I3
K, - Sau khi qua mach phan hoi, ddi ddu va trd vé dau vio rdale vai daj lugng

am. Do dd dau ra cta role 3¢ 13 -K va qua trinh e thd ma tiép dién (4 diy
doc gia o the giai thich vi sao vai tin hiéu kich thich rit bé & dau vio cd the
1ao nén giao déng bat tan, nang lugng Ay tu dau?y,

De he trd ve trang thai can bang, ¢d thé diung phan hoi néi nhu =g do
trén h.1-28.

Dudng chuyén déi ludn tuong ding voi ¢ = 0 vi:
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+K
-K

Hinh 1-28.

Trong trudng hgp ¢é phan hoi noi, dudng chuyén déi la duang thang qua

g6e true nhu & h.1-29, i

&= -ty + ay.) = 0 . (1-11%

Quy dao pha héi tu vé goe
truc va giao déng tat dan.
Néu quan siat ky quy dao pha,

vii he s6 phan héi lan, ta thdy

cd mot doan thang ADB cia
dudng chuyén ddéi ma trong
pham vi nay chuyfn dang sé
dudge thye hién theo ché& do
trugt nghia 1a theo dudng
chuyén doi chd khong theo
quy dao pha (xem h.1-30).

O hé role thue (e vung
kém nhay nhit dinh) chuyén
dong =6 theo dusng giy khic
nhu ¢ h.1-30.

A

{
AN

Y

Hinh 1-29.

O ché do trugt. hé od hanh vi nhu moét hé tuyén tinh va chat lugng cia

hé thong duge nang cao. D6 1a mét dang cua nhitng hé cd cdu trac bién doi.

Mac du hé c6 nhing vu di@m quan trong (tinh bén viing khi thong sé

bi¢n déiy nhung viée wWng dung trong thuc t& 6 nhitng han ch& nhif: cd ciu

N
I'J]



lam viéc & ché&
dd rung nang
né va khi hé hac
cao, phai dung
mat s0 khau vi

phan.

Thé nhung,
thay vi role lam

viee ¢ ché do

nang nhoc,
nhitng cd cau
dién t¥ nhy cac

hd  rung cho

phép lam viéc
véi tAn sé cao Hinh 1-30.
da khac phuc
nhudge diém ndi P
trén. CCPK _ l
S(x,) y
(.2.4.2. pigu ¢ r =
chinh theo ché — Lo Pren =

dé trugt _‘
O h. 1-31 ¢6 so

do khoi cia hé

diéu chinh lam s

viée theo ché dd

trugt  vai  luat ﬁxs

chuyén dai 4

mach phan hoi Hinh 1-31.
trang thai.

Dai lugng diéu khién u tit cg cdu diéu khién (CCDK) chi ¢6 hai gia tri
u,. vau . Luat chuyén d8i duge thue hién bang phan ti phi tuyén:

u = u,.., néusixy > 0 (1. 114)
u = u,., héu s(xy < 0
va sx,) =k - kK"‘xs. _ (1-115)
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Ciang nhy & hé didu chinh trang thai théng thuong (1-551, néu tinh dén
tic ddng cia nhiéu ta cd:

)'(\ = Akxq + bqu + b‘\_lf,
' T ; ' t1-1161

O day cd cdu didu khién sé thue hién chie nang chuyén d6i, ¢ thai gian
tré rdt hé.

D& triét tiéu sai léch tinh ngudi ta ding bo diéu chinh tich phan. Khi cd
nhitng tin hiéu trang thai khong do duge, diing dén co cdu guan sat nhu &
phuong phap di¢u chinh trang thdi thong thutng. _

Khi co ché do trugt, lugng diéu khién nhanh chdng chuyén dai gita hai
dai lugng v, va u . & trang thai qua dd cing nhu xdc lap. Tan s6 chuyén
déi phu thuée vao théng s cia hé va dé tré cua dac tinh phi tuyén. Truong
hop ly tudng la do tré vo cling bé va tan sd chuyén ddi vo cung lén; va 6 moi
thai diem:

six) = ke - k'x, = 0. B (1.117V

Dao ham theo thii gian cang ludn bang khong, nghia la: s(x) = 0. Két
hap (1-116) va (1-117) ta co:
stx b = k¢ - k1x = k.o - k' Ax + bu+ b, f} {1-118

NE 11-118) o nghin, lugng didu khién u phdi cd tri 86 xac dinh: lugng
dieu khién tvong ducng u.; do do: '

1 o 1
u. = - —_ kTtAx + b i +— k¢ (1-119)
Y] k“_‘lb‘{ ES Eaa™ ~l kqlb‘; «

be httu han,

U Ueg T N . u~ m

U k.'b, = 0. Dd la diéu
max [ “’]"]"_U]ﬂ] TN kién noi tai d& cd ché
. dé trugt. Co thé xem

lugng didu khién tuong

“ t
| duong Uy nhu dai
NqLHAT | lugng trugt trung binh

Umr’n L |- | L A U L._LLI.-I_

L

ctia tin hiéu digu khién

khi nd nhanl chdng
chuyén déi gitau,  va

Hinh 1-32. u nhu d h.1-32. Cach

min
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dat van dé nhu vay cho phép rat ra digu kién ton tai c¢hé do trugt:

. = < i .
umm - “L‘L; - um:ix' (1—13“‘

Tritmg hop déi tugng didéu khién la hé bac hai, 11-117) ¢d dang:
six) = ko - (kx + kx,) =0 (1- 121,

vi duing chuyén d6i la dudng thang (h.1-30), néu cho k, = 1, ta ca:

H

x, = ke - K.xs (1- 122
Poan AB trén ' -

ditgng chuyén doi ay ) x,
co ché do trugt cho
dédn trang thai rcan
bang xac dinh boi tin
hiéu dat ¢. O ché do
trugt, hé thong lam
viée nhu hé bac maot

vi quy dao tudng dng
viii  dudng thang
chuyén dgi. O qua

irinh qua da, bac sé

gidm di d ché&é dé

P . g =4, .,
truot, do la dac diém €q = Ymiax

oA nguvén ly lam
vife nay. Hinh 1-33.

Ciang nhu & bd didu chinh trang thai, viéc tdng hgp hé lam viéc & ché do
trugt cd thé thue hién theo phuong phap ap dat nghiém cuc hay cdac phueng
phap té&i wu khac [4], dé cap dén § phan IL

Diéu chinh theo ch® do trugt cho phép st dung co cdu digu khién tac
dong nhanh. Vi nhung didu kién nhdt dinh hé thdng sé& cd tinh bén ving
nghia 1a su thay ddi théng s& cia hé khong lam dAnh hudng dén hanh +i ctia

i,

1.2.5. XAC DINH THONG SO TGI uU CUA BO DIEU CHINH THEO PHUONG
PHAP QUY HOACH THUC NGHIEM

1.2.5.1. Khai niém chung

Trong nhing muc trén, dé chon va xde dinh thang s6 cua bd digu chinh

can cd lugng thong tin day du: cdu tric va thang s6 cia doi tugng, nhidu tac
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dong vae hé thong. Cho
nén bude diau tién la
nhan dang déi tugng.
Nhiéu trugng hgp,
viée nhan dang déi
tugng c¢d kho khan hoac
khong thé& thwc hién
duge. Zicgler - Nichols
dd dé ra phuong phap
xdc dinh théng sd cia
bho diéu chinh khong

]

R(t)

| BT DK

aj

qua nhan dang [3].
Mot bo dieu chinh
ty lé duge dua vao heé
théng nhu d h.1-34a va
tang dan thong s34 cla
n¢ sau khi dat tin hiéu

b)

Hinh 1-34,

bac thang & diau vao. Khi ¢¢ ché& dd dao dong véi hién do khéng dai cia ham
qud do (h.1-34b), cac thong sé tuong dng nhu k, T, dude st dung dé xdc
dinh thong s6 eda cac bé didu chinh khac nhau theo bang 1- 3.

Bing 1.3

BOC HAM TRUYEN Kye T
P G.(s) = kg, 05 K,
1
P GlS) = kgeft +—) 045 K, | o083 T,
sT,
.
PD | G(s) = kg {t + — + 8T 06 K, | 05 T, 0125 T,
ST,

Viéc chon bg didu chinh nay hay bd digu chinh khac tay thude yéu cau
vé chdt lugng dong va tinh cu thé nhu di néu & quyén | [32].

Do sy phat trién cta khoa hoe - cong aghé. viée danh gis chét lugng cua
hé ngay mot chinh xdac hon, va tinh da dang cua déi tugng ciing duge md
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vong, cdc hé s6 thuc nghiém trén tuy da duge téng két trong mot thoi gian
dai cong chi nén ap dung nhu s lidu dinh hudng ban dau. Hon nita, trong
nhiédu trusng hop khong cho phép hé lam vige § ché dé dao déng vdi bien da
ldn trong thoi gian lau d& xic dinh cac thong s6 K, va T,,.

Phuong phdp quy hoach thue nghiém dugc ap dung sdm trong cac linh
vie hda chat, luyén kim v.v... cho phép véi s6 luong thi nghiém it nhdt vin
xac dinh duge cdc nhan té t8i wu cho mot quA trinh [19].

Vai mét qua trinh «a cho, mé hinh todn hoc co thé bigu thi bang chudi
Taylo:

I K

_ k
y o= Fxpx) = 8, + 3 A 4 2 B + 3 ’?ijsz o (1o 12
I L= ] =

Néu trong qua trinh t&n tai nhimg bién cd thé quan sat duoc va dieu

khién duge, bign d6i cia v 1a ngau nhién thi cac hé 38 hbdi quy b, bj, bi-F, bjj
tit thuc nghiém sé la ude luong caa §,, By By B '
T =T J=h +¥b S b $¥ b 52 1-124)
y =¥ ox) = by, +J =Z| X +i‘j‘:- byjxx, +J‘:1 iX© o+ e (L-124)
ma ching duge xac dinh theo phuong phdp binh phuong nhé nhat.
N . -~ N =3 b - -
J =73 v -y = 3 {yi - F(x!., b, b].,..}]“ = min (1-125:)
i i= :
Cac hé s6 hdi quy duge xdc dinh tir didu kién t&i vu:
O adJ i
— =0, ——=0,— =0 (1-126)
b, ob, ab;

Néu dung phuong phap quy hoach thue nghiém d&€ nhan dang déi tugng
[27] thi nhan t6 cda quy hoach 1a thong s6 cia mo hinh ¢6 cdu trac xac dinh
trude va chi tiéu chit lugng e thé 1a binh phuong sai léch giita dap Ung cda
déi tugng va ctia mé hinh song song.

Néu diung quy hoach thyc nghiém d€ xdc dinh thong s6 cta co ciu digu
khi€n hay bo diéu chinh, khéng qua nhan dang, thi nhan t6 eda quy hoach la
thong s6 clia cd cdu didu khién hay bo didu chinh da chon trude, va chit luong
cta hé dugc mo ta theo phuong trinh hbi quy (1-124) [28] ma ta sé& x4c dinh

bj, b. bj.j bing mdt s lugng thuc nghiém khéng ion.

cic hé s6 b i

o
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[.2.5.2. Xac dinh théng sé& t6i vu cua bd didu chinh
Thong s6 cva bo diéu chinh la k. T, T, hosc dusi dang khac; T,, T., T
tgng dng vdi nhan t6 x|, x,, x, & phuong trinh hodi quy. Chang han khi dung
bo digu chinh ty lé tich phan
‘PD) ta co 2 thong s6 - k, va
T.. Sau khi mac bo digu chinh ?

nay vac h¢ théng ma déi

tugng diéu khién chun xac @
dinh, ta thay déi k,_va T, véi @ .

s0 lugng thi nghiem & 2 mauc

trong ving tuyén tinh la: N =

£

. . » B a !

2n = 4 (n la s6 lugng ciac —X K—
thong s6 can bién déi). Trong 0 ]

viung gan téi uu, thi nghiém

L'It'i(_‘iﬂ thl,n:‘hlén 6 ‘ha mie, va @ _@
50 lugng t6 hop thi nghiem ia:

N=2"42n+n =g nhud r 8

h.1-35 (n la 36 lugng thi

nghiém & tam quy hoach.
Phuong trinh hai quy (1-124) Hinh 1-35.
duge chon trude. Sau khi thue
nghiém, viée ki€m nghiém lai vung quy hoach la tuyén tinh hay gan t6i uu,
kigm tra lai cac hé s6 héi quy, mac 4o phu hdp cda phuong trinh hsi quy 1a
dua theo cdc tigu chudn Student, Fisher cho trude [19]. O méi thi nghiém,
cic théng so6 cia bé didu chinh tao thanh mét difm cda t6 hop (mét digm
h.1-35) va cho két qua nhat dinh vé chit lugng J.
Cac hé 50 cGa thong s6 tinh theo dai lugng tuong déi: (-1, 0, +1), cac gia
30 = 1 la trj sd tudgng d6i so véi tri s8 géc cia théng s6 dd chon.
Trong digu kién quy hoach la true giao, cdc hé s4 clia phudang trinh héi
quy
-~ R - )
J =b, + bx + bx, + boxx; + b x,© + byox,© (1-127

duge xdc dinh don gidn theo:
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e (1-128)
] N
3 x;2
S i'l
N
i; Ix||x|\'iJi
b, = . (1-129
1k N
2% X

N&u tén tai cuc tri thi toa d6 cta didm cde tri chinh 1a théng s6 t6i vu
ma ta cAn tim, xdc dinh chat lugng téi vu cua hé. Bing mot trong cdc phugng
phap t6i vu chuyén dong dén cuc tri, ta cd thé xsac dinh duge thong 6 can
tim.

1.2.6.3. Vi du ing dung

Vai he diéu chinh t6c do dong co di khao st & [32- vi du 6.3] ta diing
b diéu chinh PID véi cau tric:
(Tys + 1(T,s + 1)
Tis

G.(s) =

Dé dé quan sdt trén mat phang thong s6 ta bién ddi 2 dai lugng:

T, =T, = (0,05 + 0,01) s,

Chi tiéu chat lugng duge danh gia theo thai glan qua dé va higng qui
digu chinh. Két qua thic nghiém ghi & bang 1-4. Khi lam thue nghiem 3 mie,
ngoai 2n thi nghiém g6c (1 dén 4) goi 1a "nAdn" con cd 2n thi nghiém goi la

'diém sao" (5 dén 8) va 1 didm & "tam" {(di€m 9). Toa dé cic "di€m sao” dugc
xdc dinh theo s6 ldgng nhan té nhu & bang 1-5. D€ ma tran quy hoach trd

nén true giao, viéc tinh todn trd nén don gian hon, cdc hé s6 binh phuong da
duge tinh lai theo:

]. : —_ (1-130)
- N



Bing 1-4

Ne %o e X3 %12 E] %'z J

1 +1 +1 +1 +1 13 173 139

2 +1 t1 -1 -1 13 173 380

3 +1 -1 -1 +1 103 13 7.26

4 +1 -1 +1 -1 13 %3 380

5 1 +H 0 i3 -2i3 170

<1 -1 -1 o 13 -2/3 280

7 -1 +1 Q -2/3 13 170

8 +1 -1 a 23 13 5.80

9 +1 0 0 -2i3 =213 3.0

Két qua tinh todn Bang 1-8

theo 86 licu & bang 1-4 n 5 3 4 5
cho ta ciaec hé s6 caa Nhén 22 29 24 25
phuang trinh hodi guy " 1 1215 44 L 1547
11-127:

=825 - 1.662x, - 1,662x, + 0,2625x x, + 0,4256x,% + 0,425x,° (1-13]

Val phuong trinh hoi quy (1-131). bang phuong phap Gauss-Zieden digm

oye tri dia duge xde dinh véi:

T.)" = 0,065
- T, = 0,065
ViTl:
T, = 0,00461 5 = const.

Trén h.1-36 duong
1 la ham qua dé cia hé
diéu chinh P1D o thang
36 xdac¢ dinh theo phuong
phap quy hoach thue
nghiém va d6i tugng
khi€n chua bist
con dudmg 2 1a ham qua

diéu

dd cia cong hé didu
chinh téc do dong ca vai
chinh  PID

bo  didu

S,

S!

h(t)

| |

0.005 0,01 0.015

Hinh 1-36.
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nhung thong s6 xac dinh theo phuong phap téi wu bit nghiém tréi cia doi
tugng ed thong so va cau tric cho trude,

Nhu vay. phuong phap quy hoach thuc nghiém cd thé diung dé x4c dinh
thing =6 téi vu clia bhd didu chinh khi dai tudgng diéu khién chua xie dinh,
nhiéu tac dong vao ddi tugng cing chua biét va qua trinh nhan dang ctung
khéng can thigt. Chat luong t6i vu 1la mot chi tiéu bat ky (lugng qua dieu
chinh, thoi gian qua do riéng ré hay tiéu chudn hén hep) mién 1a ton tai cuc
tri. 56 lugng thue nghiém khéong ldn mac du & vi dy nay ding quy hoach toan
phan. Phuong phap quy hoach thuc nghiém con cho phép giam nho hon nita
50 lan thue nghiém ma khong anh hudng dén do chinh xac ding ké. Nhimg
thi nghiém da duge thue hién od thé dude chon d¢ khong anh hudng dén ché

Jdé lam viée binh thuing cua hée

1.3. TOI UU HOA THEO BINH PHUONG CUC TIEU
pOI v4OI HE TUY DONG TUYEN TiNH

1.3.1. KHAI NIEM

%) muc .2 da dé cap dén cdc phuong phap xiac dinh thong s§ t6i wu caa
vd cdu dieu khién hay bé digu chinh khi lugng thong tin ban dau 1a tuong
doi day da: eau trde va thong s6 cua d6i tugng dicu khién trong phan lén
trudng hap déu da xde dinh loai trit mue 1.2.5,1in hiéu vao va nhiéu dau co
dang bac thang hay mdr ham xdc dinh va cting nhu khéng c6 dieu kién han
ché& rang bude nao duge dat ra.

Ligu hé ecd lam viée 16t trong diéu kién thuc t& khi ma cac tin hidu tde
dong la ngdu nhién khéng?

Noi dung cia phan nay 1a xic dinh thong s6 t6i wu eda hé tuy dong theo
cye tidu eda binh phuong sai léch khi biét dac tinh thang ké (mat dé phd)

cun tin hiéu vao va nhidu.

[.3.2. XAC DINH THONG SO TOI UU KHI CHO TRUQOC CAU TRUC CUA
CO CAU DIEU KHIEN

1.3.2.1. Trudng hop khéng cé * Wee
S -1 - ('
dieu kién han ché

O truing hgp tien dinh trude day,

cac thong 86 ¢, cd the duge xic dinh

theo diéu kién cue tigu coa phigm ham Hinh 1-37.
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{(ing v&i h.1-37 hay h.1-2).

* ] . .
Jle, e, ., et = [ es(t)dt (1-132;
0

Theo dinh 1y Parseval:

1 x
Ju = 7 | B | 2 Ao (1-133)
TN
ma Es) = Y (g) - WIC, s) x is) vii s = jo {1- 134,

Thong =6 téi wu la nghiém céa cde phuong trinh:

id | .
— =04 =1, 2, ... k) (1-135)
e
Phuong trinh (1-135) o6 thé giai truc tiép hoac co thé diing cdc bang
tinh tich phan (& phu lye) sau khi da dua vé dang:
L. . e b(-jw) b{jew) _
| Etjor) | = = E(ju)Bi-ju) = _— {1-136)
d(-jedd(jes)
Trong trudng hop ngiu nhién, chat lugng duge danh gia theo trung binh
hinh phudng cta sai léch, va bang:

1 =
ey, e o, o) = Mie<} = S fendw. (1-137)
I o

Mat dé phé cua sai lach S.w) cing cé thd dua vé dang (1-136+ trén va
sau d6, dung phuong phap xac dinh ¢, nhu & hé tign dinh (1-135),

Vi du wny dung |

Vdai hé tuy déng cho d h.1-38a
nhiéu f 1a on trang va khong tuong

quan vai un hiéu vao x:

S”-{w 1= B:,

lei'_iw'l = Sml'jtu} = 0,

Hay xac dinh thong s t6i uu cia

K vdi digu kién sau:

hl L
. a’A’
b“l_r.ui =

Hinh 1-38. ! ac - ol
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Trong truong hgp nay tin hiéu ra 1§ wudng chinh 1a tin hidu vao ty, =%
theo h.1-37. Hinh 1-38a va b 1uong duong nhau vi h¢ kin duge xac dinh bdi:
Kis K
Wigr = =
1+ Kig K + g
Sai léch dude sxdc dinh bai:

€ =y, - ¥y =x-y=x- Wisix + D
= [1 - WisHx - Wis)f
g K
= - X - f.
K + 4 K+ g

Tu da: Bls) = W is)X(s) - W {5 E(s)
W (s) 14 ham truyén giwta dau vao xit va sai léch eit) con W(s}) chinh la

ham truyén cia hé kin dd ndi trén (h.1-38b). Mat dé phé duge xdc dinh tudgng
ung:

5wy = | lejw}_l ‘ISxiw'I + i\’\f‘tjw] | = RO
T dd, theo (1-1371:

o . 1 = a“Alw? 1 = K’B-
Jl_lKl =M{e-tt} = ] - T - s der e ]‘—__—W e
Ao {a- - e-HKe - -y ao Ko - ow-
1 = taAw M- ade)
= I S B de +
T o0 Jw- + {a + Kl + aKl [we - ta + Kuud 4+ aK]
1 x© KB « KB
+ — f dess.
g o0 (K 4+ wiK - w)

Theo bang tich phan & phu lue ta tinh duge:

_ 1 , acA”
J K} =—J[KB- + ].
2 a+ K
T ditdu kién toi vu:
. 1 s a~ A<
=—— [B- - — ] = 0
K 2 (a + Ky
_ A
ta tinh dude: K* = a [— - 1] va chit lugng t6i wu duge danh gia bdi:
B
B
'}L‘mm = aBA -

5 Tri 56 nay la thong 36 16i vu Wng véi cue tidu eaa phié¢m

=
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ham trén vi:
A asA’

(K- a + K

A —
a va ty sd B cang lon, K* cang tang va K* chi ton tai khi A >B - cuidng 4o
cta tin hiéu cd ich xtt) Idn hon nhiéu fit1.

rl J

Khi B >A, —X luén duong va J. luon tang cung vdi K.

il

Vi du ttng dung 2

f
ITé tuy dong nhu 6 h.1-39
i ne ta T . x 5K Y
vii mat dé pha cua tin hiéu cd .
ich: | {—} s (S + 5)
1000 |
Sofon = 1090 |
' w=i0.01 - w-) i

va nhiéu la 6n trang
Sl.[.(_(u_] = 1_ bxt-(_i(!}] = {)

) Hinh 1-39.
Ciang nhu ¢ vi du 1, ta xac
dinh:
Bs + ¢ o -5K
W i5) = g : Vv'i_{ 51 = s
X 5K + 85 + §° ' 5K + 55 + s-
1000 255 + 0,1K K
Vi chKl = 4+

K 051 + 5K 2

Tu do tinh duge K* = 27; domin = 21,2, Ham truyén hé kin t6i wu, vdi
K=K = 27 s6 la;
135

\N*'p] :._—....—.__‘ ,
I35 + Bs + g-

tiong dng vai tin 36 rieng o, = 11,62 va hé 6 suy gidm ¢ = 0,215 [Ié so
nay tuong déi bé, lugng qua dicu chinh 16n (xem h.1-5), d6 chinh i nhudc
digm cua chi tieu chat huong (1-9) theo binh phuong cda sai léch, nhat la khi
khong co didu kién han ché,
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Trong vi du trén, néu giam Kt 27 xudng dén 15, J, sé tang tir 21,2 lén
d&n 30 nhung hé s6 suy giam ¢ clng tang tir 0,215 1én dén 0,288,

1.3.2.2. Truéng hop c6 diu kién han ché

wic,s)

=
{
¥

=

-

D

&

lr______
¥

Hinh 1-40.

Thong thugng, sau khi da xac dinh
dude cic thong s6 toi vu, can kigm tra
xem cde bién trung gian cd vugt ra khaol
pham vi tuyén tinh khéng, mét khi hé

I B
dudge khao sat la tuyén tinh. Trong

trudng hgp Ay viéc dua thém viao diéu
kién han c¢hé 1a can thigt., Nhu vay dicu

Y, kién cho trudc noi trén con cd:
M (¢85 ) |

MJ'(:-., §) - ham truyén giua y va j
tin hiéu can han ché th.1-40). Digu kién
han ché:

k]

< g
L RRAS

D& xiac dinh thong <6 t81 vu can phai tinh:

1 =
J(‘{Ci} =—f S“twldw,

Tl
I =
J"{Ci} = J NI
! Y

1o,

vit hinh thanh chi tieu chat lugng mai:

a] = ']t‘ + AP],.-

(;idi hé phuong trinh:

dlive, = 0.

!]‘_ti-fi} =

4

o 2
Syt

de xae dinh ¢ cung hé 6 4 1a hé 36 Lagrange. Trong trudmg hop eo diéu

kien han ché&, ham tdn that (chat lugng cuc ti€w co dang téng quat:

Vi du teng dung

(1-138)

Hé =é =g do khoil nhu & h 1-4] vdi hal thong 50 can xdce dinh: K va T.



Tin hiéu van cd mat do phd

nhu sau: -
'+ 57 5
S“l(ul = - ;
-
{—i1
- 1 . =4
Siter = B S pr =00 b -@-—
Hinh 1-41.

vt digdu kién han ché:

A4
* Lk

Miv-}= —— .
fv-} "

Nhu cac vi du trén, chi tiéu chat lugng dude xac dinh bdi euc tidu cua

phigm ham:

1 =
J‘_‘lK, ™ =— 7 [S[.iwI“It{jmlW{'-j(u} +Sx{<;))le'jw} \VX{—j(JJJ]dUJ‘

T

. K s + Ts°
voli Wits) = - — 1 W (s) = .
K+ s + Ts- ' K+ ¢ + Ts-

Bang cach tinh nhu trén ta od duge:
. 1 + T + KT _
20K Ty =8K +—ue-o = 20, + 20
- 1+ T+ K -
D¢ xie dinh théng 36 t6i uu, ta ldy dao ham cta bidu thic trén theo T
va K:
] KK + 2%

aT i+ T+ Ki°
VoI K = 0. T = 0; 4, luon duong, tang cung véi T khi khong co diéu
kién gidgi han. Do dd khi chon, can chon T nhé ahdt v8i mice 6 thé. Dao ham

theo K:

r.JJ‘ T' - ] N
2 < = .+ B- = 0
K i1 + T + Ki-
V1 - T AT
K''=— - T- 1, vwi T < 1. B <« _
B 1 + 7T



fl :z]
¢

Khi T < 1 thi ——— luén duong va cé cuc ti€u theo K. Mat khac

r'IK‘

o
T

hé s6 suy giam sé bé va bang:
] B

TTAK'T | 4T - B

]

, (khi T bé)

B
= —— tkhi T va B bé)
4T
Bay gio, véi diéu kién han ché:

| .
JAK, T :T “J‘ [Sl-lw !G! (pG-la) + S fw }le'_iw WG (- ) Jdw,
Ks

vai:  Gus) = Gls) = —
: K + s + 'I's-

Két gua tinh cho ta:

B-K- K-
QJU{K, T = + = 291\_.1- + ZJVX;
T 14+ K+ T
1
2J = — (khi T va B bé), va
T
(1 - B
20 = —g ikhi T hé)

bd

1
2. = Y (khi T va B bé).

Nhu vay J, tang khi T gidm va tri s6 chap nhan duoe, duge cd dinh bdai
gigi han cia v. Cac thong s6 K. T dude xdc dinh theo diéu kién gioi han:

BEKE KJ VHZ
200K, Ty = + = )
¥ T 1+ K+ T 2
V1 - T
K= — . - T-1,;
B
1
Néu T b K= — -1,
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1
Vi du khi B = Ve=8K =3vaT =

Tinh toan chinh xdc cho
két qua:

K* = 2,75; T* = 0,25,

Diém P & h.1-42 the
hién ché& dé téi uu cia hé
duge ¢ dinh béi diéu kién
gidi han. Nhu da thdy &
h.1- 42 theo bién T, J (T)
cang bé khi T cang bé, tri s6

V., xdc dinh gia tri cuc tiéu

ciua T,

Hinh 1-42.

Két luan

Nhitng vi dy dd néu & muc 1.3 cho thay & hé tign dinh hay hé ngiu nhién,
phuung phap giai tich cd co s6 gidug nhau nhung hé cang phitc tap, viéc xéc
dinh thdéng s6 t6i uu cang mdt nhidu thdi gian. Do dd nhitng phuong phap
nhanh chdng xde dinh cdc thong s6 tdi vu cla co cdu didu khién hay bo digu
chinh 6 y nghia 16n. Nhitng phuong phap da néu trong cac muc 12],,2 2,
2.3 déu co nhiung dac di€m rieng, phuong phap nao nén 4p dung vao trudng
hop nao la tuy thude vao yéu cau va digu kién cy thé. Tuy nhién trong phan
[ ta cing chi dé cap dén cdc hé tuyén tinh, disdu kién giéi han cing méi chi
~dé cdp dén ¢ muc dé nhat dinh.
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Phin 11
Dicéu khién toi uu

I.1. DAC DIEM CHUNG CUA CAC BA! TOAN TOI UU
H.1.1. KHAI NIEM

Mot hé didu khi€n luon thist ké dé jam viéc & ché dé t6i uu theo mot
nghia nao dd. Mic d6 phic tap tuy thude vac yéu chu vé chit lugng dat ra.
tuy thudec vac lugng thong tin ban dau vé doi tudng diéu khién, vé cic tin
hiéu tic déng vao hé thong. Trong phan | da dé cap dén nhing truong hagp
vi phuong phdp gian don thudng gap.

Nhu da thay, trong nhiéu trudng hop néu khong cd digu kién han ché thi
trang thdi tdi vu khong xdc dinh duse nhung vai didu kién han ché, bai toan
56 trd nén phie tap hon. Do dd ma bai todn Wiener it cd ¥ nghia thuc dung.

Trong phan nay sé néu lén nhitng phuong phdp mdi, nghién cu vé cae
hé t&i wu vai cac didu kién han ch& tin hiéu didu khi€n va déi tugng khac
nhau do nhu cau thyc tién dat ra.

Da hinh thanh hai hudng nghién cdu vé cac hé t8i wu - 1y thuyét digu
khién téi vu cdc hé cd luong thong tin day du vé doi tugng va nhiéu va ly
thuyét didu khién t6i uu vdi tac dong ngdu nhién. O day sé dé cap dén hudng
thu nhat.

I1.1.2. HINH THANH BAI TOAN TOI UU

Bud&c quan trong trong viéc xay dung hé tdi uu la xac dinh chi tiéu chat
lugng. Chét lugng J phu thudc vao lugng digu khién u(t). Nhiém vu co ban
trong viéc xay dung hé téi wu la bao dam cue tri cua chét lugng. Nhu khi xay
dung hé t6i wu tdc déng nhanh thi ydu ciu d8i véi hé 1a nhanh chéng chuyén
tU trang thdi nay dén trang thdi khac vai thdi gian qua dé nhd nhdt, nghia
la cue ti€u hda thai gian qua d6. Khi tinh toan dong co tén l&a thi chi tiéu
chat lugng la vugt duge khoang cach 16n nhdt vdi lugng nhién lieu da cho.

Nhu vay d6i vdi hé t6i uu ta cd:
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Jlu, y, t} = extremum.

(2-1»

Chi tiéu chét luong 4 phu thudc vao tin hiéu ra y, tin hiéu dieu khién u
va thai gian t. Bai toan diéu khién t6i uu la xac dinh digu khién u lam cho
chi tiéu chat lugng J dat cyc tri vai nhang digdu kién han ché nhit dinh cta
u va y. Dai lueng y phu thudc vao luat digu khign uit) 1la mot ham theo thoi
gian nén goi la phiém ham, con y{(t) va u(t) théa man digu kién (2-1) goi ta

dutng cuc tri.

Chi tiéu chat lugng thuong cs dang phiém ham nhu sau:

"
4 = [ Giy{t), uit)]de
Tu

o a b t
a) ' * ' -
UZ
a L-— ; _4: .,
b a b,
U
P _
1A /\ r
; ST
e I
C)
f u
+1 ————
T I‘__
ST S — \J -
d)
Hinh 2-1.

(2-2)

Trong thuc t& thudng gap cde
bai tean xdc dinh didu khién tai vu
u(t) va trang thai t6i vu y{t) 14 ham
cia thai gian véi diéu kién bién y(0},
y(T).

Vdi bai todn t6i uu tac dong
nhanh G = 1 va yéu ciu J = min
chinh la yéu cAu T = min.

Dieu kién han ché& duge dat ra
v@i tin hidu didu khién u(t) va vdi
trang thdi y(t) cia hé. Dang tdng
quat la:

u € Q) ,

y € Ty

Vi du, didu khign u(t) ed thé

{2-3)

dudge gidi han theo dai lugng
(h.2-1a):
a=su=<h {(2-4)

Néu u duge gigi han vé dai
lusng (u = u,) va dao ham cia nd
d ;
(u, = - ) thi viing dieu khién cho
phép nhu & h.2-1b.
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1A
=2

T

{(2-5)

a, = u, = h,

Néu tin hiéu diéu khi€n duge gidi han bdi tri s6 bién, diéu kién han ché&
co dang:

lu| =1 (2-6)
geo). et yetd nhu ¢ h.2-1¢ néu trong sudt
Ceox BT BK ——=  {hgi gian diéu khién [0, T
yer) ham utt) ed gian doan goi Ia
ham gian doan tung doan.
Thuan ap trong thuc té&

Yolt) X u yety o008 BAP Tromg MW |
cCox 0T PK .. nhitng ham tiung doan gian
_ doan |a nhitng ham tirng doan
khong dadi thinh 2-1d). Trj sg
b) 114 tri 50 tuong doi. Digu kién
Hinh 2.2. . han ché diéu khién u trong

nhiéu trudng hop la han ché
vé nguon nang lugng. Didu kién han ché vé toa do pha (trang thai) thudng
la tit diéu kién an toan d6 bén cd hoe v.v... Vi du gdc quay va téc do quay
cua banh lii duge gidgi han béi do bén cua cdu trac mdy bay va lugng qua tai
cho phép, con gia téc quay banh l4i duge xdc dinh bdi momen tdi han cda céu
tric banh 14
Xac dinh didu khi€n t3i vu u(t) va dya vao dd téng hop hé, nghia la xac
dinh cdu tric va théng s6 cua ca cau diéu khién ed thé duge thue hién theo
hé hd hay hé kin (h.2-2a va Zb). O he hd (h.2-2a) digu khign u(t) khang phuy
thude vao toa db pha y(t) con & hé kin (h.2-2b) thi nguge lai vix =y - y
ma y, =y, (t} 14 luat diéu khién cho truéc. Do do:

ulty = ulx(t)]. (2-7)
Nhiém vu cudi cung dé xay dung hé téi vu la xac dinh luat digu khién
(2-7) dé& tong hop he. Diu tién xdc dinh cdc qua trinh t6i uu = u*(t) va x*(1),

sau d6 loai trit y&u t6 thoi gian dé& od u(x), tit ddy xdc dinh ciu trdc va théng
s6 cuia co cdu didu khién.

I1.1.3. Vi DU HINH THANH CAC BAl TOAN DIBU KHIEN TOI UU

Trong phén nay sé néu lén nhitng vi du khac nhau vé viée hinh thanh
bai todn va nhiing vi du &y s6 dugc st dung & nhitng phuong phéap khéc nhau,
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IL1.3.1. Ditu khién ddng co mot chigu

Doi tugng didu khién la dong co mot chiéu kich tit doc lap (h.2- 3a). Goc
quay cia déng co # va dong dién
mach phan dng lién hé nhau theo
phuong trinh caAn bang mémen:

4

d-f

5

iep =d + M,  (2-8)

(#)

trong d¢: i - dong dién mach phan

Ung - tac dong diéu khién; ¢ - hé

#0; ¢ - tu théng kich thich; J -

mémen qudn tinh mach phan dng a

va phu tai qui vé truc dong co; M.

- mdémen can, #- gde quay cha dong

¢ - tin hiéu duge digu khién; t - thai gian thuc.
Bé gian don ta khao sat trudng hop khong tai (M, = 0) va dung thai

gian tuong dai:
/=
T =1t —_
tu dd bi€u thuc (2-8) cd dang:

d¥ ’
~ =i t2-9)
dr- _

Hinh 2-3.

1

Néu i la tin hieu diéu khién va # 1a tin hiéu duge dieu khidn, cudi cung
ta Co:
dy
di®
sd d6 khéi nhu & h.2-3h.
Vai d6i tugng trén od thé hinh thanh cdc bai toan khac nhau vé chi tiéu
chat luong, vé diéu kién han ché.

= u. .. {(2-10h

[1.11.3.2. T6i wu tdc dong nhanh

Déi v6i bai toan t6i wu tac dong nhanh, nhu da néu trén, chi tiéu chat
lugng ¢d dang:

J = fdt = T (2-11)



Bai rodn 1

Hay xac dinh qua trinh t8i du - tin hiéu didu khi€n uit) - va tde do déng
ed vit) théa man (2-10) va cue ti€u hda phiém ham (2-11) vé8i cac didu kién

S8
a} Tin hiéu diéu khien {u| = 1,

b} Dong cd quay mot gde bang:

1
[ oyltdt = 8 i2-12)
t

¢) Béu kién bién caa tac do:
yi0) = W,
v = o,
co thé duge thay th& d€ trd nén gian don bang bidu thie:
y0r = (T = 0, (2-13)
nghia ja bat dau quay va dung lai sau khi dat duge mot gdc 6. Ung véi digu
kién nay, néu ldy géc truc cda tée 4o ta y(T) = O thi tuong dUng vdi (2-12) ¢
vidy = -6, '
Bidi todn 2
Néu dat digu kién han ché 1a do phat ndng cua dong cd hay t8n hao nang
lwgng bang tri s6 cho trude thi bai todn sé la:

H‘ay xac dinh qua trinh t8i vu cta u(t) va y(t) thoa mén (2-10), va cue
ti€u hoa phiém ham (2-11) véi cac digu kién sau:

(a]

»
[ yndt = @,
4]
(2-14)
.
fudvdt = q,
1]

va didu kién bién bang khéng (2-13).

I.1.3.3. Nang suét 16i uu

Nang suit duge xac dinh bang gde quay 16n nhét trong thai gian T nhat
dinh. Phiem ham cd dang:
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”
J o= [ yit)dt, (2-151
0
Bai todn 3 Hay xac dinh quad trinh t6i vu u(t) va $(t) théa man (2-10)
va cuc daj hoa phiém ham (2-15) vai kién han ché caa tin hiéu didu khién:
[u| = 1, (2- 16

va didu kién bién cua téoc 4o bang khong (2-183).
Néu cho trude tri s6 gigi han cua tén that nang lugng con ult) khang co
diéu kién han ché& (2-16), ta c6 thé hinh thanh mot bai toin khsc.

Bai todn 4

Hdy xdc dinh qua trinh téi ¢u u(t) va y(t) théa man (2-10) cue dai hoa
phiém ham (2-15) véi dieu kién han ché cda t6n that nang ludng:

[ ulitdt = qva diéu kien bien (2-13)
1}

1.1.3.4. Tiét kiem nang lurong t6i wu

Trong trudng hgp ldy chi tidu chat lugng 1a tén hao nang ludng thi muc
tidu la cuc tiéu hga ham tén that:

T,
J = J wlitidt, (2-17)
1]

ta cg bai toan 5.
Bai todn 5

Hiy xdc dinh qua trinh t6i vu u(t) va y(t} théa man (2-10) cyc ti€u hda
(2-17) vai digu kién cho trudce:

-
[ ytydt = o
u

0rf

va didu kién bién cua toc dd bang khong (2-13).
Thay déi digu kién cho trude ta con ¢d thé cd nhitng bai toan khdc. Bay
gid, hdy khao sat nhung déi tugng loai khic.

I.11.3.5. T8i wu tdc déng nhanh déi véi hai muc tiéu di dong
Mot doi tuong A chuyén dong thang, déu, theo phuong trinh:

Yo = a + bt, (2-18)

67



mia y, - toa do cta ddi tuung A; con a, b 1a cdc hang s8.

{flzing theo hudng nay. déi tugng B 6 toa d6 y, chuyén déng véi phuong
trinh:

d“y'j s u, (2-19)
dt< dt
val digu kién dau: y () = y,(0) = 0.

() day, T 1a hang =6 thoi
gian cla d6i tugng B. Tin hiéu
digu khién u tuan thu digu
kién han ch& (2-16). Baj toan

fI\

wo we

dat ra 1a didu khién u sé bién
do1 nhu thé nao dé trong théi -a Xy

gian ngan nhat vi tri va tée do

rua A va B trong khéng gian g 8
trung hop nhau (h.2-4). Trong

thuc t& cd thé gap truong hop 0
nay khi mdy bay nap nhién al b)

licu trén khong. May bay chia Hinh 2-4.
nhién lidu ¢d chuyén dong thang déu, con tac dong ditu khi€n cén tim la luc
kéo P cua may bay cin duge nap.
Ta cén ¢d moét s0 bién doi trude khi hinh thanh bai tean t6i wu nay.
Luc kéo cue dai va cuyce ti€u cia may bay déu duong, do dd dé cd digu
kién (2- 161, thay vi P, ta dung diéu khién:

u - 2P ) Pm:u( + Pmin= +1 P= Pmux: u=+1
Pmnx - Pmin Prmx - pmin P= Pmin; u=-i
Dira vao lugng chénh léch cua toa do hai déi tudng:
X = ¥y - Ya {2-20)
Thay the (2-18), (2-20) vao (2-19) ta c6 cae toa dd Yas ¥y tu:
d?x dx
T — 4+ — = u - bh. (2-21)
dt- dt
Piéu kién dau cua 12-21) duge xac dinh tu (2-203 va digu kién da cho:
x(0} = y, (0) - v, (0) = -a
A (2-22)
x(h = y,(0) - y, (0) = -b
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Néu diung phuong phap mat phang pha dsi vi bién x nghia la:

dx
Xl = X; X, = 1
- dt
thi baj toan dat ra la dua mot diém ti vi tri ban dau (X, = -8, X5, = -b) dén

goc toa do cta mat phing pha ¢ h.2-4b.
Bai todn 6

Hay xac dinh qua trinh tdi uu uft) va x(t) théa man (2-21) cyc ti€u hoa
phiém ham:

J = {"1 dt = T,
voi digu kién han ché cua tdc dong dieu khi€n (2-16): |u| =< 1.
Diéu kién d&au ctia toa doé x (2-22) va diéu kién bién bing khong:
x(TY) = x(T) = 0.
1.1.3.6. T8i wu tdc déng nhanh vé&i déi twong i
Phuong trinh vi phan cda d&i tuang i
d?y

Bieu khién u cd diéu kién han ché dang |u{ < 1. Nhiém vu dat ra la

+y=u (2-23)

xac dinh digu khién téi vu tde déng nhanh, dua toa d6 y tir vi tri ban dau:
y(O] = - l!
cd $0) = 0, (2-24)

dén vi tri cudi: y(T) = Ty = 0.

Dd ¢d thé la truang hop mot cin

2L

g

?

true dich chuy&n mot tai trong m treo i
T . C b e " |

trén day nhu ¢ h.2-5. Vi tri toi cia cau OB i
|

|

|

|

|

d

0

truc dude xde dinh bai toa d9 v cd thé
dich chuyén véi téc dé bat ky trong gidi

han: -1 = u = +1. Vi tri cla tai trong [@
m dudc xae dinh bdi toa d6 y. Néu khong (D

tinh dén luc ma sat, d6 dan hoi cua day -

treo, luc can cua khong khi v.v... thi Hinh 2.5
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phudng trinh mé ta ddi tugng nhu & bidu thic (2-23) ma sau khi d& chudn
han d& cic hé s0 Ia don vio Bai todn dat ra 13 xac dinh digu khién u dé tai
trong nhanh chdng dén vi tri y = 0, vdi t8c do tai didm difng cling bing
knfmg. .

a1 vai doi tuong nay, khong thé chon téc d6 bat ky nao (bé hay lén)
cing o thé dich chuyén tdi tit vy = -1 dén ¥y = 0 bang cach dich chuyén ti
thu=-1dén u = ).

That vay, phudng trinb cua d6i tugng i (2-23) ¢ nghiém ty do:

yith = Asint, (2-25)

ma A la bién do cda dao dong duge xde dinh bdi diéu kién ban dau cua chuyén
déng ttrong truing hop nay, bdi toc dé chuyén dong caa tdi tir u = -1 dén u
=M

Bai todn 7

Hay xdc dinh qua trinh t8i vu uit) va yit) théa man (2-23) eye ti€u hoa
phiém ham (2-11) tice la:

vl cac diéu kién sau:
a) Dieu khién duge gigi han bai |u| = 1.
bi Diéu kién bién 12-24:
yi0r = -1, iy = 0
vl = 0; y'Th = 0

t.1.3.7. Thiét ké bdng phuwong phap giai tich cac bd didu chinh
O day van ¢é duge dat ra oo tinh chat tdng quat hon viéc chon ha diéu
chinh & cac chuong mue trude:
Hay tim luat diéu chinh tde 1a

mat ham giai tich lién hé gita Y, x 7, Y
tac dong diéu khién va tin hiéu ) s8¢ G (s) o

duge didgu khiédn d€ cye tidu hda

mot phidm ham dang tich phan

da néu trén.

Gia thiét 1a d6i tugng Hinh 2.6,
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khong chiu tic dong cia nhidu va cd ham truyén  (Gi{s) nhu d h.2-6.

Qud trinh qua do elia hé thdng vai disu kién ban dau la:

x, = [x,(0), x,(0% .., x (0)], va ui0) = [u(0), &0}, .. (2-26)
dk ~ Ix
vl Xk :Tt'l\—_—l ., X = y“ - ¥

Né&u hé dén dinh thi cac toa do pha sé hoi tu & gbe true nghia la:
xl[oo:l = .. = xn{'ao) = ulee} = 0O, . (2-27

Chi tigu chat lugng tdi uu duge chon la:
x* A . a 2
d = f [u + u- + Z xk‘]dt. (2-28)

Chi tiéu (2-28) dac trung cho binh phudng cua sai lech (x, %Y, t8n thit
didu khi€n (u) (tén th&t nang lugng, tén thit do nung ndng dong cd v.v..)

cung nhu loai trit kha nang tée d6 didu khién qua 1dn (0¢). BAl toan dat ra
la:

Bai todn &

V61 doi tugng didu khién duge mé ta bang phuong trinh vi phan dang:
dx

— + x4+ u =90, (2-29)
dt

hay xac dinh phuong trinh vi phan gita cde bién x va u thoéa man (2-29) cuc

ticu hoéa phiém ham:

= [ 184 + udn + xA0]dt. (2-30)
1]
l.1.4. Vi DU TONG HOP BAI TOAN TOI UU TAC DONG NHANH
Hay xdc dinh qua trinh t6i vu va téng hop co cdu digu khi€n & bai tosn
I théa man (2-10) va cue tidu héa phi€m ham (2-11) vai cac didu kién:

[u] = 1,
ylor = -4 yiTh = 0
¥y = 0; yiTy = 0

Bang suy luan, ta nhan thay ring dong co mudn quay dude mot goc .
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trong thdi gian ngan nhat, véi nhitng didu kién bién nhu trén, thi dau tién
phai quay véi gia tdc cuc dai, va tai mét thoi diém nhat dinh, phal ham vai
@ia téc am cue dai. Néu chon dung thai di€m ham thi téc do cufi cing sé
bang khong sau khi dong co da quay duge mot goe 6

Van dé nay di dude dé cap d hé role voi ché do trugt (h.1-44) véi:

Yy =Y

d dy,

_yl = yz ; y" = =+ K = + 1.
dt dt

NE thoa man didgu kién bién y(T) = y(T) = 0 thi toa dd cudi cung la goc
true va role phai chuyén déng vai s6 lan nhd nhdt: didu 4y chi cd thé dat
duge bang 2 cach: hoac chon dung diéu kién ban dau, hoac vdi digu kién ban
dau da cho, chon dung hé s6 phan hdi « - Ca 2 phuong phap déu khéng thé
thuc hién duoe theo cdu tric nhu & h.1-29. Bién phdp gial quyét 1a tao nén
dudimg chuyén d6i mdi: chinh 13 dudng parabon cia quy dac pha di qua goc
truc.

Khi u=+1; y22,f2 =y

va  u = -], yf;'z = -y,
Chi mot nita parabon tham gia vao dudng chuyén d6i cho nén bidu thic
duong chuyén dai tol wu sé la:

-~

¥i© o |yl
> mg‘ny:} = -(y1 + =

2
8¢ db thuc hién nhu & h.2-7. Trong trusng hop khéng do duge tin hiéu
v, thi phai sit dung dén khau vi phan d& idy tin hiéu y, tit y:

X = -(yl +

j (2-31)

u=d, (71 % [ 197

Hinh 2-.7.
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(y, =

"

Qu§ dao pha cua hé t&i vu trén nhu & h.2-8 va chuyén déng 4y ta nhanh

nhdt.

That vay, néu thai gian dau (0 < t < T/2) gla téc bé hon +1 {(duong doc
thap & h.2-9b) thi d€ dat duge gdc quay da cho —f8,, (tuong 1ng vdi dién tich gach
soc ¢ h.2-9b) dii tuong phdi can o6 thai gian 16n hon T. Ngugc lai ¢ thoi gian
dau gia téc 19n hon thi diéu dy khong thé théa man disu kien fu| = 1.

]

U=y

2
+1
i 92 ,
- V5 7 !
~~ - a) -
| \\ -
~N . 1_
1l N\ 19, =y, |
| o \. 9} P |
‘ 5 j //////f [Tt d
_& _ = i ! T
\\ 2 AN / b) T
N /
AN AN /
\\ s
\\“--.._ \’//
“-._,___ \‘
~
~
)
)
Hinh 2-B. Hinh 2.8,

I1.1.5. DIEU KHIEN GAN TOI Uy

Trong thuc t& viéc thidt k& cac bd didu chinh t6i uu ¢ kho khan, nhat
la khi d6i tugng ¢d bac cao va dieu kién han ché phic tap. Do dd viec xay
dung cdc hé gan t6i vu 1A can thist va duge thue hién theo 2 hudng:

- Don gian hda mé hinh. Thue ta mé hinh do nhan dang hay tinh toan
déu khd chinh xdc, don gidn hda né 1a c6 co sd.

- Dung phuong tién kg thuat dé don gian hda luat didu khién. Mot luat
digu khién xap xi sé duge ding cho mé hinh chinh xac.
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II.1.5.1. Don gian héa mdé hinh déi tugng didu khién

a. Pai twrrng bac mot

Diéu khién gan téi uvu (t6i vu gia) thuong gap trong thuc té Trén ban

ditu khién thudng chi cd chi =6 $

ctta y v u. D& thuén tién ngudi [ Umax | a)
ta ldy hai chi s6 nay trung nhau " }

& ¢h& dé xdc lap. Khi can thay ddi Ul T !

dai lugng y, thanh y, ngudi ta " 1, I
chi can thay dai luong dat u, I: i

thanh u,; nhu ¢ h.2-10. Sau mat Y | ! b)
thai gian qua 49, no sé xac lap & ES____L...__l e —

¥ = ¥y Dd la phudng phap don M

gian nhat. Ut L1y L

Thé& nhung, thao tdac vién cd
kinh nghiém, dé nhanh chdng dat

ché do mdi, sé thyec hién nhu sau:

Hinh 2-1D,

Tai thoi diém bat dau t | nguoi digu khién cho mét lugng dat cye dai u
= u, . VA 86 x4y ra qua trinh cudng bic cha y(t). O thoi diém t,, khi y dat

dai lugng can thidt yit ) = y, thao tac vién quay vé vi triu =u

15
Thue vay, déi véi hé bac 1, diéu khién dy la t6i wu vi khi hé duge mo ta bdi:
dy
Teoe +y = (2-32)
dt.
dy
ma u = y nén — = 0.
dt.

O khoang thdi gian t, <t £ t, tic dong diéu khién 14 cyc dai d&€ y nhanh
chdng dat dai lugng y|,. Tai thai diém t = t| diéu khi€n trd vé tri s6 u;, = y,
v qua trinh bign déi y(t) s¢ chdm dut nghia 1a y(t) = y, khit =t

>t

Néu bac cua hé cao hon va qua trinh qua dé¢ 1a phi chu ky thi diéu khién
nhu viay 1a gan téi vu (dudng diit nét ¢ h.2- 10b) vA nho cuéng buc ma qua
trinh qud do xAy ra nhanh hon: Nhu vay ta da thay thé phuong trinh cia d6i
tugng bac cac (ldn han bac 1} bdi phuong trinh cia 44i tugng bac thip bac

1" viv ap dung luat diéu khi€n toi wu dai val hé dy.
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b, Diéu khien gan 61 wu doi tugng doo dong
bDiéu khién gan t6i wu theo phuong phap trén d6i vai d6i tugng oo dan
dong c¢d thé cho lugng qua diéu chinh idn.
Khi déi tugng co dang:
d°y dy

— o+ 2 ¢ + ¥y = u, (2-33
dt= di

thi tai thoi di€m t_, ta cho lugng di¢u khi¢n mét bac thang:

u, - u, )
u. o= U, 8 A (2-34
' 1 + o

ma o la lugng qua diéu chinh khi tin hiéu vao 1a bac thang don vi.

O thii didm t,, khi ytt)} = y, th.2-11b). y dat cyc dai, nén y"(tl'l = 0, ta
lai dua thém vao mot nic thi hai u = u, Vit =t,y=u= u, va yit)) =
0, nén tur (2-33) y(t 3 = 0. Dao ham bac mét va bac hai déu bang khong, ¢d
nghia la qua trinh da xdc lap, vdi t > t), ¥(t) = y, = const. Thoi gian diéu
khién dudge xdc dinh bang nda chu k¥ dao dong @ h.2-11b:

ar
IR v e (2-35)
1 n 1. .:~
O bai toan 7, didu khién d6i
tuong i, T = 0 va lugng gua didu

chinh ¢ = 1 vi véi tin hiéu vio la bac

thang, hé sé dao dong véi bien do
khong do6i (2-25), Thay thé cdc dai
lugng nay vao (2-35) va 12-34) ta xac

dinh dude quy luat diéu khién gan téi
du cua d6i tugng 10 tai thoi diém t
cho lugng dicu khién bang nira tri 36
can thiét va & thai didm t + 7, cho

thém mét nde tiép theo nhu trude do. Hinh z.11.

Thoi gian qua do 26 14 T = a4,

11.11.5.2. Don gian héa luat dieu khién
Trén h.2-12 1a so ¢o hé t6i wu tic dong nhanh tuong duong véi h.2-7.
Viec thuc hién ham chuyén ddi phi tuyén tinh chinh xac la khd phic tap nhat
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1a khi déi tuong

bic cao.

Gia su &

h.2-13 cd dudng

chuyén doi tai

uu trong mat

phang v*(y'|, y,)

= 0.

Co 2 cach Hinh 2-12.
xAp x1 bang ba

doan thang nhu & duong v, va v, trong mijén;
_ -y
a = ¥ - a

-b

1A
et

4
-

Néu danh gia chat lugng xap xi bang :

a b
J, =0 T W vy - vy vy dy, G = 1, 2)
‘o h

va ta co Jl‘ > JEE Y 4, /t_{z /
nhung co  khi

phan tich qua a
trinh thi két qua
sé nguge lai: J, !
lén nhung qua /

trinh duge xac
dinh bang ché do 12 i
. ~ A -

trugt, con J, hé b //C ol b%%
hon nhung lai la = u*

qud trinh dao [ = \
déng. Do do khi ; 4
don gian hda guy
luat didu khién
thi viéc danh gia

1

chit lugng qua L,

trinh  1la  quan
trong.

Hinh 2-13.
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l.2. CAC PHUONG PHAP DIEU KHIEN TOI UU

Nhiém vu caa digu khi€n t6i uu 1a giai bai todn tim cue tri ciia phie¢m
ham Gly(t), u{t)] bang cich chon digu khién u(t) véi nhirng diéu kién han ché
clia dai lugng dibu khi€n va toa dé pha. Céng cu toan hoc dé€ xsc dinh cuc
tri la phép todn bién phan.

Phuaong phap ¢d di€n la phucng phap Euler. Dudng eye tri 1a nhirng ham
tron con phiém ham cung cic diéu kién han ché ta nhitng ham phi tuyén. Do
dd phudng phap nay khéng 4p dung cho nhiing truong hgp ma tin hiéu disu
khién ed thé la cdc ham gisn doan.

Gitta nhirng nam 50 cua thé ky 20, thuc t& cho thdy can cd nhing tdc
dong digu khién lién tuc tiing doan d&i véi cac déi tugng tuyén tinh. Ty do
cd phuong phdp méi - nguyén ly cue dai, uu tién dé giai nhitng bai toan t6i
uu tuyén tinh vdi digu kién han ché dang bt ding the.

Phuang phdp quy hoach déng ma co sd cia nd la nguyén ly t6i vu duge
phat trién nhu la cong cu dé€ giai bai toan t6i wu theo nhidu bude da duge
ung dung vao trong nhitu linh vue khoa hoc ky thuat ciing trong nhitng nam
50 nay. Phugng phap quy hoach
dong duge dung cho nhitng bai
tean gian doan va phuong trinh Y(7)

byt

sal phan nén thich hgp véi viéc

sU dung may tinh dé€ giai.
I1.2.1. PHUONG TRINH EULER g+ 8y /’

1.2.1.1. Trueong hgp
khong cé digu kién phuy VN
Cho y(t) ]a mét ham thude
Iop ham ¢o dac ham bac mét
lién tuc. Trong mat phang (y, t) /
cho 2 digm (t, y ) va (t, ¥ %

Can tim quy dao néi hai didm t=0 t=T
niy sao cho tich phan theo quy
dao y = y*{t) hdi:

Hinh 2-1a.

t . .
Jiy) = [ Gy, ¥, tat (2-36)
[

(R}
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Co cue tri.

G 14 ham eo dao ham riéng bac moi va bac hai lién tue védi moi bién caa
nd. D€ thong nhat trong cach dat vin dé, 1a lay t, = 0, t, = T (bai toan di€m
cudi ed dinh).

Cac dudng cong ndi lién hai diém nay déu la nhilng dudng cong cd thé,
trén h.2-14, y 1a mét dudng cong od thé va y + dy la duting cong trong mién
lan can cda y. Bién d6i cha J do dy tao nén la:

Ay + dy)y = Jiy + dy) - Jiy)
- ' ‘ T |
= [ Gly + ay, ¥ + ay, t)dt - [Giy, y, t)dt
y 0

I - - . . .
= [ [Gly + dy, ¥y + dy, t) - Giy, y, t)]dt {2-37)
1

Phan tich (2-37) theo chuéi Taylor:

T . oGly, v, 0 aGly, y, ty |
Adty, oy) = [ {Gly, y, t) + (—————— )y + (—————— )Yy
0 iy Y
1 12Gly, y. t) 12Gly, v, t)
+ (LIh Wyt + ¢ M AR Yy +
2 ay* Dy oy
1 i ['J‘EG(}], _).(., t) 4 . .
+ —{ —— )8y + .- Gy, vy, t)}dt (2-38)
2 e

Ta khao sat thanh phan bac mot cta J:

T 0Gly, v, t) Gy, §, B '
3iGy, dy) = [ 2 ey + (0 Y Phaar (2-39)
0 SOy (')y ’

Vi dy va 4y lién hé nhau bdi:
_ .
ay(t) = [ ay(t)dt + 3y(0).
: 0
Chon dy, xdc dinh duge dy. Ta xem dy 14 ham bién déi dac lap. Biéu thite
(2-39) ed thé bién déi dé€ chi chia dy bang cach ldy tich phan nhitng thanh

phan chda dy:

78



Gy, ¥, t)
US(

aJ{y, dy) = dy|“'l' +

T JG(y, ¥, t) d aGly, y, t
+ 01 -

—_— — - ] dydt (2-40}
t Oy dt oy

Tu didu kién da cho: 8y(0) = dy(T) = 0, phiin dau cua vé phai & bigu
thiie (2-40) bing khéng.
Néu gia s6 oJ cia phiém ham J ton taj va néu J 6 cyc tri d6i véi y* thi:
aJy*, ay) = 0, (2-41)
Dd 1a diéu kién can cd ban cta phép tinh bién phan.
Tit cdc bidu thie (2-40), (2-41) ta cg:
_ T oGy y*, t) d aG(y*, ¥*, t)

SIy*. dy) = [ [ LY Joydt = 0 (2-42)
0 oy dt ay

Tu (2-42) ed thé dut ra phuong trinh Euler:

aGily, ¥, 1) d JGiy, v, t)
PP S TRy Y (2-43)
0y dt Ay
11.2.1.2. Truong hop coé didu kién phy

Néu ngoai phiém ham (2-36} con cd cac digu kién rang budc phy dang:

Py, ) =0, t €0, T),i=1n (2-44)

thi phi€m ham J cd dang:
T . 1 .
T A = JIGly, 3, &) + 3 Lbply, v, vIdt : (2-45)

ma 4;(t) vaii =1, 2, ., nla ham Lagrange. Vi gidi han théa man véi moi t
nén ham Lagrange phu thuoc thai gian.
Tuong tu nhy trén, ta cd phuong trinh Euler - Lagrange tdng quat:
G (y, v, A, 2 d oG, ly, ¥, A, )

- _ ~ 0 (2-46)

ma Gy, ¥, 4, t) = Gy, ¥, t) i A0 gy, 3, 0 (2-47)
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Khi diéu kién rang budc cd dang:
{j:lrt{'-l('y, ¥, tdt = q,, | (2-48)
thi phueng trinh Euler - Lagrange tdng quat (2-46) ¢d phiém ham:
Gy $ 4 0 = Gl 0+ :znlﬂ»-.wi(y.y,t), (2-49)

Trong trutng hop nay, 4; 1a cdc hé s6 khong phu thuoc thoi gian cua ba:
todn dang chu.

Khi ¢ digu kién rang bugc dang (2-44) hay (2-48), cin gidi (n + 1)
phudng trinh d&€ xdc dinh y*(t) va 1.7(t) (hay 1)) mai= 1,2, .., n

i1.2.1.3. Vi du dUng dung

Vi du 1

Hay giai bai todn tiét kiém nang ldgng - bai todn 5

Dung ky hiéu y, = vy,

Dy
dt o
thi bai toan dat ra la:
o o . . e e dy, R B
Hay tim qua trinh téi vu u* = y,* va y,* = pm sao cho thoa mén

t2-10) nghia la $, = u, cyc tiéu hoa phiém ham (2- 17
.
Jiy) = [iy,)-dt, (2-50)
0
vai diéu kién cho trudc:

1
[ y,(edt = & (2-51)

0 o
va dieu kién dau (2-13);
y,10} = y,(T) = 0, (2-52)

Biéu kién(2-51) ¢ dang (2-48), phuong trinh Euler - Lagrange cd dang
tong quat (2-46) vai (2-49): '

G ¥y Vo 4D = ¥2 + Ay, 5 (2-53)
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Yo .__‘ = 0. : ;\2-514)
ay, dt Jy,
Tit (2-53) va (2-54):
A, - 2%, = 0, 2-55
Do da: ! & '(
g, = (2-56
5 =— - ]
2 2
, . A, .
Ldy tich phan {2-56): y, = u = ?t + cy, (2-57
o |
ylth = —t° + ¢t + ¢, (2-58)
s 4 i

D& xdc dinh 4, ¢}, ¢, ta ding cac didu kién bién (2-52):

y-{0) = 0 ;¢, =0,

A
y,(T) = 4‘ T + ¢T = 0. (2-59)
va didu kién (2-51):
Fywde = s S g .(2-60)
b7 12 2 o
Két hop (2-59) va (2-60) ta xac dinh:
246,
A= - =2
T3
(2-61)
66,
‘T

Tu dd qua trinh téi uvu la:

. 66, 126,
u*{t) = ?“ - —-—F t
(2-62)
* 69() 69&)
yi = ot o

tuong dng vdi h.2-15. Diégu khién tsi u u*(t) {dong dién mach phan ing dong
co) bign d8i tuyén tinh, con t6c dé y,* 1a ham parabdon. D& khéng dinh, ta so
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sanh tén hao nang lugng cda trudng hop niy véi trudng hap bai todn t6i uu
tdc dong nhanh (h.2-9muc I1.1.45.0 hai trudng hop (h.2-15) va (h.2- 16) ching
€O ciung mot gde quay 6, tuong dng voi dién tich duge gach soc. Tut digu kién
cho trude. ta xdc dinh tin hiéu digu khién u theo (2-51):

-

iz u T~
A, = 2f (u .tidt =" |
' o 4
46 _
va u, = - (2-63)
L ':[‘L
Nhu vay tdn hao nang lugng tuong dng vdi:
1, 166 =
J, = '_I[ u cdt = =

con & trudng hgp bai toan 5:

T , 126
J = { (uf)=dt = . )
1} T

J. 16
nghia 1a ching khdac nhau — =— = 1,33 lan.
J 12
hur
680 i Lf
TZ

""‘1-

ua
2 7 /s r ot
'
|

Y=

Hinh 2.15. Hinh 2-18.



Vi du 2

Bai toan 2 - t&i wu téc dong nhanh véi digu kién (2-14):

]
q, = I_]j‘ yzdt =6

(2-64)
1. 5
q; = Jr(yz-'hdt' = q,
1]
va didu kién bién (2-13).
So sanh (2-64) voi 12-48) ta cd the viét:
Galy ¥2 A Aph = 1+ Ay, + A40y)%
Phuong trinh Euler - Lagrange:
(JG,! d oG
— - — 1 = 0,
dy, dt oy,
Tu dg: 4 - 24.¥, = 0,
. - A
va  y, = 5 = a,
Lay tich phan biéu thic trén:
o) = uft) = at + a
72 © ! (2-65)

a
M) =—2 t2 + at + a,
¥2 2 [ 2
3o sanh (2-65) va (2-62) ta thiy qua trinh t8i wu cg dang gidng nhau.
Cac hé s6 a,, a;, a, xac dinh theo (2-13) va (2-14).

Il.2.1.4. Phuong trinh Euler voi digu khi€n ¢6 han ché

Trong cdc vi du trén, tin hiéu didu khién khéng cd gidi han nao rang
buge. Trong thue té&, thuang gap tin hiéu digu khién {cd khj ca toa do pha!
co rang buge dang |x| < 1. Diéu kién can d& c6 cue tri 1a khi x(t) 1a dusng
euc tri, thi x + dx vax - 0 (dx > 0) 1a nhitng ham cho phép. Biy giv ta so
sanh trj 86 phiém ham & dudmg cyc tri v8i tri s clla nd & ham x + ox va x
- ox. Néu mién bién ddi cta x(t)la kin, va x(t) ¢ ngoai bién thi mat trong cac
ham x + dx hay x - dx sé ra ngoai mién cho phép.
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Mot trong cac bién phap khac phuc khd khian trén 1la duding cuc tri & bién
v
x = @lt). (2-66)
Vidy, néu |x| =< 1, dieu kién (2-66) la x = -1 nghia 1a ¢(t) = -1. Dua
vao toa do z voi:
22 = x - @, ' (2-67)
thl bi€én mdi z s& khong cd diéu kién han ché, va bién gidi ctia bién x tuong
T

ing vdi z = 0, Bay gitr phiém ham J = | Gix, %, t)dt cd bi&n madi
0

x=zz+(p;tirdci: )
x = 22z + ,
va phiém ham cd dang:

. 1 T - »
J = [ Glzs + ¢ ; 2zz +¢; tldt (2-68)
0

Vi {2-68) khong cd didu kién han ché& nén phuong trinh Euler ¢¢ dang:

aG d G
. — =0, (2-69}
0z dt az
s oG ox G ax oG oG .
dday — = — — +— = — 2z +—22z,
Jz Jx JzZ Jgx  dz ox ax

aG aG ox  aG ox G
= — — +

_—= : —_—— = — 2z,
4z d% 0z . 49X 0z X
d oG d oG 3G
_— 0 = 22{ —_— — ) + —_ 23,
dt 9z dt ax ix
va (2-69) sé co dang:
aG aG d oG G
— 22 +— 2% - 22 — — - — 2z = 0,
Jx % dt ax X
oG d G
hay 22( — - — 2y = 0. (2-70)

x dt t?i
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{2-70 théa man vdi z = 0, nghia la dudng cyc tri ¢d nhitng gid tri bién, va
phuong trinh Euler van la phiém ham xust phat:
oG d oG

Ix dt %

Nhu vay, tiu
o X (2-70) ta thay
rang cuc tri cua
phiém ham vai
: diéu kién han chd
|

!

/K( .
Qx

N
o

L

. +/ ¢y dang Dbat ding
\y+, —1 | thite chi cd dugc
\i dudi dang dudng

cong, gom nhing

doan cuc tri va

nhitng doan o

a) b) bién giol mién cho
phép.

Tiéc  rang,
phuang trinh (2-70) chi néi rdng duting cuc trj c6 thé la nhing gia tri bién
cua ham diéu khién chd khong cho phép ching minh rang, d bai todan tuyén
tinh, didu khi€n u chi nhan cac gia tri bién. DS 1a ly do ma phudng trinh
Fuler dude gidi han boi trudng hop dudng cuc tri 1 edc ham tran. O h.2- 17a,

Hinh 2-17.

d
dieéu kién d_{i: = 0 tuong dng véi cuc ti€u cia ¢ bén trong mign |u| < I,
. N
nhung & h.2-17beye tri lai & bién va U = 0,

Dé ching minh, c¢ thé dung nguyén ly cuc dai (mucIl2.3) hodc bang
phuong phéap suy luan vdi trudng hop don gian - hé bac hai.

Néu biét trude digu khi€n la nhing ham timg doan khéng ddi, ¢ gid tri
=+ 1 vau= -1, thi phuong trinh Euler cho phép xdc dinh théng 5 cia
ham Ay, tdc la s6 ludng cdc khodng o tri s6 hiang va thdi diém chuyén d4i.

Digu kien [u| = 1 oo thé viét dusi dang:

"

Jutmde = T
i}

, (2-71)

ma m - o« (s nguyén},
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Néu trong khodng thsi gian ngdn, |u| > 1 thi wm > o khim > « va
tich phan (2-71) 16n hon trj s6 T cho trudc. Nguge lai, néu ju| < 1 trong
mét thii gian ngdn thi w*™ - 0 va tich phan (2-71) nhé hon tri s6 T cho
trude. Khi thay |u| = 1, bdi didu kién (2-71), bai todn bign phan tim dudng
cue trl uit) trd thanh bai toan dadng chu dia néu trén.

Vi du

Trd lai bai toan 1 - téi uu tdc déng nhanh:

Hay xdc dinh qua trinh t6i wu u*(t) va y*(t) thoa man (2-10): y = u, euc
tiu hda phiém ham (2-11) véi diu kién gioi han cta didu khi€n {u| = 1.

Theo (2-10) ta co: ¥, = ¥

j, = u
hoac =y -y, =0
: LR (2-72)
$r = ¥ - W = 0
(ia thist dudng cuc tri la nhitng ham khong d6i timg doan |u(t)| = 1.
Ta dung diéu kién (2-710:
ol
Ju™t = T ma m - o (2-73)
0
Didu kién (2-72) 1a diéu kién c@ia bai toan Euler - Lagrange, con (2-73)
la bai toan dang chu, do dd:

G, = G+i p.+4 Oy, + 4,0, =1+,1“uz"1 +A0F, - ¥,) + LG, -

) (2-74)
Phuong trinh FEuler Lagrange la:
r'JG, d G, \
P 2= 12mufm T -4, =0, (2-75)
au dt u -
a0 d oG M .
Lt = A, =0, (2-76)
Hyl dt t‘)yl
aG, d oG, .
L _.'1 = - ,1] - A-, = 0. (2'77)
r'ly:1 dt. "]yl -
. Zm—\l/ Aj(t)
Tit (2-75) ta xac dinh: u = < (2-78}
2mA
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Khi m - o, vai moi A ta co:

2 15 l.+1 néu A > 0

-1 néu A< 0
va, ¢ the viet: ‘
A = signA khi m = .
Tu dd (2-78) ¢6 thé bang:
Astt)
2ma |

ult) = signf ) (2-79)
{2-76) va (2-77) cho két qua tuong ng:

A, = const,

A:It) = ¢, - ot

ma cac hé s c|, ¢, dude tinh theo digu kién bién cia bai toan. O phuong
trinh (2-79), m va 1 déu ia hang nén didu khién t6i Wu o6 thé xac dinh bai
A5ty

1
wity = sign[ — (a, - at) I, (2-80)
m -
L < c,
ma a, =——;a, =—— ;m > 0
22(\ B 23{!

Tu (2-80) ta k&t luan: diéu khign t6i uu ult) ddi ddu khéng qua mot lan
nghia la gom 2 doan thang nhu két qua da khao sat § muc I.14.

l.2.2. PHUONG PHAP QUY HOACH DONG

1.2.2.1. Vi du vé bai toan cé dién: chon dudong di t6i uu

Dé di tit A dén B qua moét mang nhu trén h.2- 18 vdi tén hao nhé nhat
tc6 ghi ¢ mdi nhanh tri 36 tdn hao) thi phuong an t&t nhit nhy sau:

a) Dén dieém B bang mét chang chi cé thé tir a hay tit b véi tén hao tuong
ung la 7 va 2. Tén hao Ay duge ghi trong ngoac & goc.

b) Dén diém B bang 2 chang c¢d thé tit ¢, d hay e. Tit ¢ dén B chi ¢ 1
phuong dn véi tn hao 7 + 5 = 12 cing nhu tit e ¢&n B: 2 + 7 = 9. Nguoc
lai tiu d cd thé dén B theo da hay db. Tdn hao chung d€ dén B la 7 + 9 =
16 hay 2 + 5 = 7. Nhu vay dudng di tdi wu la db, cd danh ddu mii tén va

87



ghi ham tén hao nhé
nhdt 7 bén canh d.

¢y Dén digm B

bang 3 chang tu 4

di€¢m. Tinh toan chi
lién quan dén nhidng
tén hao nhoé nhat da
duge xac dinh g giai

doan 2 chang trudc
do, nén ti diédm f, cd

thé di theo fc hay fd:

(tn hao tu f
dén ¢) + (tén hao
cyge ti€u tu o dén B)
=2+ 12 =14
itdn hao tit f dén d) + t6n hac cuc tifu tt d dén By =4 + 7 = 11.

So sanh hai phudng an, tdn hao cuc ti€u 1a 11 va dutng di téi uu 14 fdbB.

Hinh 2-18.

Bang cich chia ra nhigu chiang nhu vay, viéc tinh toan va so sanh dé
dang hon vi dugng téi wu cd tén hao nhd nhat dude mo ta bang duong dam
nét véi tdn hao cue tidu la 26

Tir vi du trén ta nhan thay:

-Bai todn tong quat tim dudng di cd tdn hao nhd nhit tu A sang B khd
gidi, duge chia thanh nhing bai todn nhiéu chang, 6 mdi chang s6 lugng
phuong an khong 16n lAm nén dé giai hon.

- Qua trinh tinh & chang nay 1A dung két qua da tinh ¢ chang trudc.

11.2.2.2. Nguyén ly 18i vu cua Bellman

"Néu C 1a mét diém trung
gian cua quy dao tdi wu di tir
trang thai A sang trang thai B thi
doan cudi ¢ia quy dac nay la quy
dao t6i yu noj didm trung gian €
vai digm cudi B" (h.2-149).

Nguyén 1y sd khai cda
Bellman cd khde mot it: "chién

Hinh 2-14.
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luge t6i vu la chién luyge ma, mac di trang thai ban d4au va gquyét dinh ban
déu ¢ nhu thé nao di nita, thi nhitng quyét dinh tiép theo phai la chién luge
161 ww déi véi trang thai cdn lai cta quyét dinh trude”.

Chung minh nguyén ly nay rdt hi€n nhién: Gia si doan cusi cia AB -
quy dao t6i uu 1a CD’'B chang han. Vay thi ACD’B la quy dao tdi wu, diéu nay
nguge val digu kién dat ra: ACDB la quy dao tdi wvu.

1.2.2.3. Phuong trinh Bellman

Néu dung ky hiéu yin) 1a trang thai caa hé & thoi di€m (T - nAt), phudng
trinh giin doan chuyén tiép co dang:

yin - 1t = y(n + Ay = F lym, ul (2-81)

Mat khac ham ton thdt dang tich phan, bay gio c¢d dang cla mét tdng:
™ P

J = ST‘ Gy, u.) (2-82)

J, "y dung d€ chi 18n that cye ti€u tir y dén y(T) bang n chang.

Gia thist 14 bict duge J_ _ "(y) va chn xac dinh J."y). Néu lugng tu hda
bién diéu khién nhu da lvm déi vai bign thoi gian, ta cd thé chon dude cac vécto
dieuw khién xudt phat tit trang thai y va g tinh dén didu kién han ché. O chang
dau tién cia n chang con lai, ta ldy u_ = u'_, tuong dng véi ham ton that Gy,
u' ). Mat khac trang thai mdai s¢ la y + Ay = F ly, u”"). Sau khi ap dung u
¢ chang dau, s& dan dén y(T) 6 n - I chang vdi ham t8n thit cuc tidu:

eJn _ I*fy + A-ry:‘,

Ton that tdng eta qua trinh dy la:

Jptyr = Gilysuh + 0 My + Ay

1 -1
Ré rang la ton that cyc tidu can tim J,7y) 1a cuce tidu cda J (y) déi vai
u € U. Do do ta od thé vist:
.y = nhirr:[(}niy, ub 4+ J Mty + Ayl (2-83)
Neu biét J ", ¢d th& xic dinh duge u la ham cia trang thai y va cta n chang
con lai. (2-83) 1a phuong trink Bellman hay phuong trink quy hoach dong.
Vi du ting dung

Hé duoe ma ta bdi phudng trinh trang thai sau:

Vi = ¥a
¥, = u
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Duéi dang gidn doan, ¢o thé viét:
Ay, = Ty,

Ay, = Tu

“

D& gidn don, ta dung At = T.
Ham tén that:

2

NAL
J = f u-dt hay J = u s

Iz

Trang thai cudi la di€m gdc cta mat phang pha.

ay Voi n = It Ay, = -y tudo: - y = Ty,

Ay, = -y, tu do: u; = ~£ :i: {(2- B4
- - T T~
Ham tdn that
Jo= 22 0 (2-84)
T- T

by Vor n = 2. Trang thai ly, + Ay, y, + Ay.) ¢d duge tit chang dau, phai
thoa man: '

-y, + Ay = Tiy, + Ay,),
hay: -y, + Ty,) = Tiy, + Tul,

-y, - 2Ty, = T-u.

1

Tu dé ta ed: u, = - T ty, + 2Ty, (2-86)

u kl 1 . T

vil J, =— ¥y, + 2Ty,)- +—T4ly| + Ty,)-

1 R " s .
= ?J(Zyl" + 6Ty,y, + 5T<y,") (2-87)
¢/ Voi n > 2: Phuong trinh Bellman tong quat cd dang:
Jo o= min[un2 + 0y, + Ty, vy, + Tl (2-88)
u
It

Phuong trinh (2-88) cd thé dung tinh tean giai tich hoac bang phuong
phap s0 trong mat phare rha dé giai.

90



f5iai bang phuong phap s6 voi |u| = 3. _
oua thém digu kién gidi han caa didu khién |u| = 3 d¢€ don gian hoa
viéc tinh todn. Cing d& ddn gian tinh toan, ta dung cdc gia s§ ddn vi:
dy, = dy, = du = 1.
Chuong trinh tinh duge thuc hién theo luu d trén h.2-20, véi cac dieu
kién sau day:
- Tong s6 chang N = 6

- Pham vi bién déi trang thai:

0=y, =10
-6=y, =0
- Pham vi thay d&i bién diéu khién: ' .
-3 =< u=3 BAT BDAU
e . =3
KET THUC(C
! I : N+ T -
= - f
KHONGI co
Y, =0
n<e 2
]
% +8y -
KHONG| co
9 =0
4 > =6
]
g, + 8y, -
| r
KHONG | co Uy ==13
Y, < 10 H == oo
]
kHONG| co Tink J,
U, <3
]
Ty < H
KHéNGI co’
Un .
Bang n
7,,} g
Hinh 2-20.
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Véi mdi tri s6 n (ing vdi mdi bang) tinh toan duge thyc hién tu y, = 0,
y> = 0 voi moi tri s6 ctia u. Cho gia 6 ca y, va quét tit trdi sang phai, sau
dé che gia s6 cia y,. Ghi vao bang nhing cap tri s6 t6i vu. Véi lan tinh dau
tri s6 H dudc cho rat lan tH = ), '

Cac bang tinh tt n = 2 dén n = 6 cho & cdc bang 2-1 dén bang 2-5.

Bang 2-1 jn = 2 s 325

yi| O 1 2 3 4 S 8 7 8 9 10

o 0 1 2 -3 - - - - - - -
o 2 8 ® - - - - - - -

-1 2 1 ) o) 2 3 - - - - -
5 1 1 5 13 25 - - = -

2 3 2 1 0 1 2 3 - - -
_ 10 4 2 4 0 20 34 - - -

-3 - - 3 2 1 0 . 2 -3 -
— - - 9 5 5 9 v 29 45 -

4 - - - - 3 2 i 0 - 2
_ — - 0 g 10 ® 26 40

5 - - - - - - - 3 2 1 0
_ - - - — — 13 13 17 25

6 - - - - - - - 3 2
— _ - — - — — - — 18 20

Bing 2-2 [n = X (v’ 4]

yi | O 1 2 3 4 5 6 7 8 9 10
o ) 1 -1 -2 -2 -3 -3 -3 -3 -3 -
0 2 2 B 8 14 8 26 38 54 ~
-1 - 1 0 0 -1 -1 -2 -2 -3 -3 -3
- 1 1 1 3 5 9 13 12 25 35
-2 - - z 1 1 0 o - -1 .2 -2
- - 4 2 2 2 4 6 10 4 20
.3 - - P 2 1 1 0 0 1 1
- g 5 5 3 5 5 9 1
-4 - - - 3 3 2 2 1 1 0
- - - - 14 10 8 6 5 6 8
5 - - - - - 3 3 3 2 2
_ _ _ - - - 19 13 3| %
.6 _ _ _ — - - - - 3 3
B} _ _ - - - - 18 14
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= 4; uy’. _1'4‘]

Bing 2-3 |n

10

-3
14

-1

20

18

-1

-1

13

-1

10

n

13

14

8

¥z

10

-1

10

10

-1

-1

1

14

18

Bing 2-4 |n = 5 (115*, .IS']

¥1

¥z

-1

93



* *
6 " 1]

Bing 2-5 |n

10

-

-

-1

-1

il

13

14

18

¥

(P
4] G - O -
-~
3 |97 o~
- ™
N
N S loaoo
-1 ™
1. - > | C2C a0
"]
._u,,, g
- . ] c [we oo~
o ® " o =
w . ~
2 [P
. sl
m E -
(4]
L
. ~
£
- N €
T — x
) = ©
A | -
* *
N o =
- -l 1 -
o~ ™~ e

1l

-2t
_3t

-2
-3
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O} bang 2-6 co két qua cua trudng hgp N = 5 va trang thai ban ddu la (10,
0. 0 bang 2-4 [n = 5] v6i quyést dinh ddu tién u; " (10, 0) = -2 ta tién dén di€m
cotoa dd 10 va -2 vdi n = 4, § bang 2-3 [n = 4] 6 uy (10, -2) = ~1vwv.

Tdéng cua 18n that titng phan G, bang téng cta tdn that d bang 4 [n = 5].
Trén h.2-21 ¢6 quy dao pha cua ¥y} (h.2-21a) cling nhu cic ham u*(t),
y-Titr y, "ty theo thoi gian.

So sdnh véi h.2-15 (bai todn 5 - tigt kiém nang hugng) ta thdy u*(t} va
¥>'tt) ¢o hinh dang gidng nhau. Sy khdc nhau la & ddu cua ¥,{0). Khi N cang
lén, cac dudng gay khic d do thi trén h.2-21 cAng tron va gan vdi h.2-15.

{1.2.3. DANG LIEN TUC CUA NGUYEN LY TOI UU

1.2.3.1, Phuong trinh Hamilton - Jacobi
Heé duge mé ta bang phudng trinh trang thai:
y = fiy, u, t); u € U, (2-89)

Ham ton thdt cAn cyc ti€u hda ed dang:

T
J = [ Gly, u, tidt. (2-90)
0

Theo nguyén ly téi wu, ta co:
" _
J Gdt = min; 0 < 7 £ T.
r

Xem 1 la thai di€m trung gian, ta cd ham tén thét:
.
J =f Gly, u, vdt. (2-91)

T

Ham t6n that cye tidu duge bidu thi bdi:

J¥y, 1) = minJ. . (2-92)
u

T (2-92) ta cd
J¥y, TV = 0; Vv ¥ (2-93

Bang cach dap dung nguyén ly t6i vu cho cac qua trinh vdi nhitng chang
rit bé, ta ed phuong trinh vdi dao ham rieng Hamilton - Jacobi, con néu giai
bang bi€u thde dic trung ta cd phuong trinh Hamilton - Pontryagin.

Céc phuong trinh nay cing vdi cac digu kién gidi han cho phép x4c dinh
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ludt diéu khi€n t&i uu hoac bang ham theo thdi gian (didu khign hé hd) hoac
biing ham cia thdi gian con lai cia trang thai hién thoi (diéu khién hé kin).

Vdi hai khoang thai gian xdc dinh bai 3 di€m 1, r + dr va T, theo nguyén
ly toi ru ta co:

Jy, 1) = min[(y, u, ridr + Jy + dy, r +dr}]

.l

= min [G{y. u, r}dr + J™{y, 7) + dJ”].
Ll
V& thu hai trong ddu ngoac khéng phu thude u, ¢6 theé dua ra ngoai va
triét tiéu wvdi vé trai. Sau khi chia cho dr ta co:

*

d
0 = min(G +— ),

u dr
. fJ* n &t )
hay: 0 = min{G +— + vy (2-94)
u 0T =1y,
It ™
Duang ky hiéu — =P, — = Pp
ar t’)y!-
ta cd p = Vy J~ (2-956)

Dao ham riéng p, 14 bién lién hgp, gdm cd cdc thanh phan cha vécto lién
hgp p - gradién cua J* theo véctd trang thai.
Vi p, khéng phu thude u nén (2-94) co dang:

min (G + p'y) + p, = 0. {2-96)

u

Phuong trinh dao ham riéng (2-96) goi 14 phuong trinh Hamilton - Jacobi. .
C6 thé mo ta (2-96) gian don hon nita néu ding ham Hamilton hay ham
Pontryagin:
H =G + ply. (2-97)
Phuong trinh (2-96) luc bay gio tuong duong vdi 2 phuong trinh sau:
H* = min H, (2-98)

u

H* + p, = 0. (2-99)

Bigu thic (2-98) thé hién nguyén ly cue ti€u mang tén la nguyén ly cuc
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dai Pont: yagin. (Chi thay d6i ddu cia ham Hamilton 1 co thé bi&n cyc tidu
thanh cye daiy. Nguyen ly nay la diéu kién can: dieu khi€n 1a i uu néu ng
ton tai via cue ti€u (cue dai) hda ham Hamilton. Nguoc lai ¢d thé ¢ nhisy
ludt digu khién cyce ti€u (eue dai} hda ham Hamilton, ma can chon luat nan
cuc ti€u hda tét nhat ham tén that lam ddp an.

Cd 2 trusng hop sau;

a} Trong mién U cua vécto didu khign cd 1 hay nhidu cuc ti€u (dai) nghia la:

vH =0

b) Nguge lai e¢in tim & bjén gioi cua mién U cye ti€u (hay cue dai) cua
H inhu & h2-17).

1.2.3.2. Vi du ung dung

Vdi bai todn 5 - bai toan tidt kiém nang lugng - hay xdc dinh diéu khién
¥Oi Wu {u = u ) cda déng co mot chidu kich ti déc lap, cdc ti6u héa tén hao
nang lugng (dién va co) véi cdc s6 lidu cy thé sau:

Moémen can; MC = kl‘“; kl = 10 gem s,

w - tdc d§ thip.

Mach phan dng: L, =0 R, = 5Q,

Mémen quan tinh: J = 0,2gem s-,

Heé =26 sde dién dong: C. = 0,096 Vs,

Hé s6 moémen: ¢, = 80 gem/a,

Phuong trinh can bang dién dp va cdn bang mémen cua déng co tuong
ung:

u, = LR, + co, (2-100)
d(U
by - ko = T — (2-101)
. u, C.w
Tif (2-100): T, =L _ :
Rll‘ RLI
v thay vao (2-101}
fii =c"‘(ﬂﬁ- Gt )-_kL
dt J R, R, J
c, c c
=-(te Mgy oMoy (2-102)
J R, J JR,
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c.o
L

Vi mo_

0,086, 30

R

u

. 052 <<K, = 10,

nén phuong trinh trang thai caa hé tir (2-101) cd dang:

df-‘J

dit

Vai ¥
u =

Chi tieu chat

do=

Vai G = AP, +

AP

u

AP
u

Ap dung biéu

ayuws +

2
a.u, +

kI €
o+ u,.
J JRL[

(2-103%

o)

1ll!

lugng - ham tdn thiat (2-90) duve xac dinh nhu sau:

J Gry, wdt
0

AP_ bao gom ton that dién AP va tdn that co AP

u -
I_R = LI

— = 0,2u/ jsV-,
RLI

9,81, 10° Mw = 9,81.107° kw7,

k]

f10,981. 10 w? + 0,2 u At
"

xa N -
[ taw= + a u <dt

v

{2-104)

thie (2-94) 1a co:

(2- 1051

it * ) Cm
(—— w + u,l = 0
e d J

Lay dao ham (2-105) theo u ta cd:

23.“1] u

T (2-106) rit

k
s +

Tu d¢ rut ra:
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aus -———— (-

N e €

_m -9,
thits JRL[

(2-106)

. 4 {)
i Z2a uJR

3|
ey CI'H

ra: va thay vao (2-105):

Za”JR u

1 -

k c

! ) +0 u”‘l =10
¢ J

‘m 1l



. KRy a5
u,- + 20')11“ + we = 0 -
Cm a,
Llu* = - K{;J? (2-107
klRLr X klle W0 a, -3
K = - + Vi — ) 4+— = 087 107 Vs
m Cm a,

Dien ap mach phan dng phai bién thién ty 16 véi téc do dong co.

11.2.3.3. Phuong trinh Hamilton - Pontryagin
Phudng phap ham dac trung duge tdm tat nhu sau:
Véi phuang trinh dao ham riéng:

Fiz, y, p) = 0, (2- 108
Az .
ma p,= — i=10,1,2 .. n.
t}yl

Co the ching minh rang: z, y,, p, théa man hé phuong trinh vi phan sau:

dy. iz -dp.

Yi _ ‘ - Pi , (2- 109
ok n AaF AF aF

_ Non .

. e r]| . R 1 K

r}pi jo= 0 ”p_i !}y-l Az

Trong trudng hdp nay, tit (2-99 ta cd:

y,=tiz=Jd"vaF =H" + p

o?

ik iF
ta thay —_ =1 — =1,
0z t'!p”
dy. -d -dp dz
PR s R S T , (2-110
oF oF aF n aF
— - — P, +t 2P
fipi [in fik4 j =1 (]pJ

Dé tinh cdc dao ham riéng #Fiay; va oF/op, ta xem H' la ham cva y, p
va u”:

H' = Hy, u*, p, t

QG



aF nH* {1\ dH* nu*

va ta co: — = —— + ¥ — .
dyi dy} 1 =1 r]l.lj dyi
(2-111)
o dH* m aH" it
= e 4+ E ]
ap; P PiT iiuj‘ ap;

Ta =6 ching minh rang: hai tdng cta (2-111) déu bang khong. Co6 2 trudng

hap:
a) Néu u* ¢ giva mién U, ta co:
H” .
=0 vai moi j;
("'l.lj‘

b) néu u* & bién cia mién U, né sé 1A mot hang hoac chi 1a ham cda thoi
gian sao cho:

Oyl le
Tir do cac téng & cac dao ham riéng bang khang va ta od:
. Ak ) dH?*
Y= — 3P = - — (2-112)
dpl ”yi :
hay dang tuong tu:
¥y = VpH*; p = -Vy H* (2-113

16 la phuong frinh Hamilton - Pontryagin. Vi digu kién gigi han hop
¥, nghiém cua chung la digu khién t&i vu can tim.

Cha y 1a phan dau cua (2-112) hay (2-113) chinh la phuong trinh trang

thai véi u = u’
y = fiy, u*, t)
Bi¢u thuc (2-110) con cho phép rit ra 2 phugng trinh b8 sung sau:

aH?*

m
p,=-— -3 u*, (2-114)
AT i aut
: J
n dH*
J =p + 3 (2-115)
i= W ap
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Fi du ting dung

Vai dai tugng ¥ =¥,

Ta lap haim Hamilton:
H=0G+ py + p.y,

¥

= y;” + Aus + py, + psu.

H se co cue tri vai:

okl
— = 2u+ p, =0,
rhu -
+ I]-’
u' o= - -,
23
* p":
Vil H* = vy~ + pyy. - =
| 12 41

Phuong trinh Hamilion - Pontryagin:

Y, = ¥
P .
}'1 = - = u.
- 24
I.j| = _2)"]:
f‘g = Py

va cde phtidng trinh bd sung

I"’n = 0’

JT = p, o+ pys -

11.2.3.4, Xac dinh luat diéu khién hé kin

D& xiay dung dudge mat hé kin cd kha nang chéng nhidu nguii ta can xsc

dinh véctd ditu khién tol vu la ham cua trang thaj hién tai va eda thai gian

com lai,

Nghiém tdng qudt cda cdc phuong trinh Hamilton - Pontryagin gom 2n

hang s6. Bat gde truc thoi gian ¢ thoi diém hién tai t

r = 0. Néu trang

thiai yt0) do dude hay ude lugng duge, ta ¢6 n lién hé gita 2n hang.
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Thai diém cudi sé it = ¢ la 1hai gian con lal. Néu trang thdi codi 1a ty
do. ta hiét duge pis = 0, con néu trang thai cudi la xac dinh, ta bigt y(g),
Ta =6 ¢6 lién hé nua gita 2n hang; 2n phudng trinh cho phép tinh duge 2r
"hang" 1a ham cia yi01 {trang thai hién tait va cua ? (thii gian com lair. Tu
da it ra didu khién t6i uu u*i0) d thai didm khao sat la ham cia yi0h va
cua 1. Didu dd dang vdi moi thai didm gitta 0 va T nghia 1a véi moi # tir T
dén 0.

Vi du ring dung 1

Ta trd lal bai todn tiét kiém nang lugng téi uu - bai toan 5.

V&i phuong trinh trang thai

5"| = ¥
¥, = u ,
vii phiém ham G = u-, cung trang thai cuéi y T = y,(T)r = 0.

Ta lap ham Hamilton:

H = u + pPy» + Pou,

iH
—— = Z2u + p, =0
u -
)
. . . - R--
Tit do ta eo u' = - - H* = plyl .=

Phuong trinh Hamilton - Pontryagin:

¥p =¥

. B,

¥, = - — = u'
o 2

p, =0

P, = - p-

Tir d6 ta xdc dinh: p, = A,

- p. = At + B = 2u’,

Ar- _

2y, = + Bt + C,

T 2
At} Bt?

2y, = +— + Ot + D,
6 0
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vl t = O 2utth = B,
Zy.10h = C; 2y, 0y =
Ap-
vl t = 8 0 = 2y, = —
- 2
Ag’
0 = 2yiH =
6

Vi u"t01 chi phy thuge B, ta loai tri

] 1
0 = B#(— - __
3 2
0 3 £ 44
TN E T
Tu do:
, 6 4
u = - —=¥ - — B}
il PR

+ B# + 2y.(0).

B+ ,
+— + 2y + 2y, (0).
2 2

A & 2 phudng trinh cudi:

1
b+ 2y 80 — - 1) - 9y
2 3 i

(2-

3¢ dé thue hién luat dieu khign t6i vu (2-116) cho trén h.2-92

1164

3 day co hai hé sd khuéch dai tang dan dén = khi thai gian con lai f/

tién dén 4.

o
Khi t dén %~¢ 3 2 U*_ e % !
thai diégm “f:u(ji ) = () “1-9_ s _6_
cung T nghia la
# - 0 dieu khién Lg_J[_I
36 két thae. Vil
_\:llU} = 10
vl =0.T=5 Hinh 2-22.
o 60
ta cor wtily = - ;2-5 = -24.

Bidu khién téi vu 1a mat

hiam tuyén tinh theo thii gian.

Y

Tich phan ctia utt) tir t = 0
dén t = H hang tdng tri 36 bién
doi ela .. Vi y0r = y(5) = 0
+ 2,4, Dang cua

nén utehH

Hinh 2-23.
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diéu khién u'it) nhu ¢ h.2-23. Két qua trung hgp vdi didu khiér gian doan
3 h.2-21b hay dudng dit nét 6 h.2-23 y, 6 tri s cuc ti€u xap xi bang.
60 2,5

“yl}min = - =

25 2
Vi du wng dung 2

Ta khdo sdat bai todn tdi vu tde déng nhanh - bai todn 1

Phuang trinh trang thai:

Y = ¥
y, = 1
voi digu kien  ju| < 1;
Dieu kién bién y (T) = y.(T) = 0.
Phiém ham G = 1.

Ham Hamilton ¢d dang:

H=1+py, + puy,

ut = -signp,.

Phuong trinh Hamilton - Pontryagin:

Yy = ¥
jf: = u
b[ =0
1.7_3 = M

Tit 2 phuong trinh sau: p, = A; p, = -At + B.

Nhu vay p.it) s& bang khong khi d6i diu tkhong qua 1 lan) va quy dao
cudi cung qua goc toa do.

Quy dao pha vaiu = +1 la:

dy,

= y'_‘,
dyz -
dy, = y.dy,,
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1

Y = 5 ¥

2
Quy dao pha véi u = -1 la;

1
=- —y,- 4+ C
¥ 25“

Huéng chuyén dong duge
xac dinh bdi y, = u*. Khi Y-
tang: u = +1 ngugc lai khi y,
giam: u = -1. Hai quy dao pha
qua goc truc, dudng chuyén dai
la 2 nia parabdon nhu & h.2-24.

Phuong trinh dudng chuyén
déi:

¥

+
-

+ C

#

Hinh 2-24.

.Y;l‘

1
Dieéu khign t6i vu: u* = tsignx), véi x = - y, +—2 v lys| )

So dé thuc hién nhu & h.2-7 hay h.2-12.

Vi du wng dung 3

Bai todn toi wu tdc déng nhanh cta 2 mue tidu di dong - bai todan 6.

Phudng trinh tiép can cta 2 muc tiéu, theo (2-21) la:

TX + £ = u - h,
voi didu kién dau: x(0) = -a; x(0) = -b, ma T - hang s6 thi gian cta d6i
tugng dudc digu khién; b - tée d6 ctia muc tiéu khéong diéu khién; a - khoang
cach ban dau gita 2 muc tiéu. Dudi dang chung, véi x; = x; %, = X ta cd
thé viét:

x| = %,

: 1 .

X, =— [-X, + u - b}

iy T 2

Ham Hamilton duge thanh lap:
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H =1+ px,

1

+ pax, = 1 + px, + 0 pal-x, + u - b).

T do: u = sign{p,tt1];
Phuong trinh Hamilton - Pontryagin:
X = X
. 1
X, =— t-%, + u - b
- T
p, =0
. J
- = - + e +
P- BN T P2

Tu do ta xdc dinh: p, = A,

p. = C

4

Vi \

Theo 12-117) ¢d thé suy ra
rang diéu khien gom 2 giai
doan; giai doan dauw: o < t =
t, muc titu can tang 16¢ dé: u
= +1 va sau dd, nghia la: t,
-1. Thuoi

diém chuyén déi t, va kit thue

<t < t,=8 himu =
qua trinh tiép can t, can duge
tinh. V&i t > t, hal muc tiéu

a6 cung 16 do va u = b,

t
Vi o =7 phuang trinh

o X, + x,
vai diéu kien: - -

x]t{J} =
xi”:’ =
X, 0 =
X7, =

Trong khoang (0,

o=
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+ 1, phuong trinh 12-118) ¢d dang:

+ Chet'l
signtC| + Cet (2-117
yu*
B .
b Z
Lot 1
-/ _——— — — ———
Hinh 2-25,
t2-21) cd dang:
=u-b 2-218
-a
0
-b
0



X, + % = 1-b (2-119)
tir do X =l - bl + ceT, {27 = T, 12-12h
Digu kién dau: %5000 = -b xac dinh hang 8 ¢ cua (2-120) va ta cd:

X, = i1 - by - e () =1 < 1 (2-121)

Lay tich phan cia (2-121) va két hop diéu kién dau x,(0) = -a ta cd;

X, = -la + 1 + 1 - bir + e 00 =7 =< T (2-122)

Thay © = ¢, trong cdac phuong trinh (2-121) va (2-122) trén d€ o didu
kién dau cho cac phudng trinh vi phan cua chuyén dong trong khoang (1.
L viiu = - 1:

X rh = - da + 1 + {1 - by, + e’
(2-123)
(b = (1 - hy - o™
va phuong trinh (2-119) sé ¢d dang:
%, + x, = - (1 + b, (2-124)
Ldy tich phan (2-124 va tinh d&n disu kién bien (2-123) ta co:
x,{rh = -1l + by + 42 - e"l}e‘{-r'ri} T s T ST, (2-125)
x 1) =41 - a + 21’['! - t1 4+ bir - (2 - e_"l}e’“ ‘]l; N - 12-126)
O thui diém gap nhau x (1.0 = x,ir,) = 0.
Thay thé ¢ = 1. vao cac phudng trinh (2-125) va (2-126) ta cd:
S+ by + 2 - e e - ) = 0
T -a + 2rp -l + biry - 12 - e-*l)e'“: 1) =0
Tu hal phuong trinh trén ¢d the rut ra
2ry-a-b
'(_‘ = —. @
- 1 +b ~
12-127)
2 - e
=7+ In——
- 1l + b

Tu (2-127), bang phuong phap db thi cd thé xac dinh duge tri s6 1
7, CAn tim.

]vfl

11.2.3.5. Binh ly vé n khoang

O cdc bai toan I, 3 va 6 ta thay diéu khifn ¢d dang giong nhau, nhan
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cac giv tri bang = 1 khong qua 2 1an. T4t ¢i cac bai todn trén déu cd phuong
trinh vi phan va phigm ham tuyén tinh, ngoai ra nghiém caa ching déu khong
phai nghiém phue.

i
i

Fa

O bai toan 1 va 3 phuang trinh dac tinh s~ = 0 {ng v8i nghiém 8,
= 0, phuang trinh dac tinh & bai toan 6: st=T + 1) = 0 cd nghiém )
s, = - 1T

H
&

Dac diém vé hinh dang cia diéu khién ndi trén 1a trudng hop riéng cua
dinh ly téng quat sau:

"D6i vii hé tuyén tinh bac n, khi cdc nghiém eda phuong trinh dac tinh
déu thye va tin hiéu dizu khién ¢é dang {u| < 1 thi digu khién t6i uvu u*(t)
cve tigu hda phi@m ham tuyén tinh 14 cdac ham khéng ddi ting doan.co gia
trl bién = 1 va ¢d khang qua n khoang la hang.”

O hé tuyén tinh, phuang trinh vi phan cd dang:

dy, n .
— = > ay + bu; =1 n . (2-128)
dt |H= I R !
dy
hay dang vécta: T = Ay + bu. i12-129)
t

u la diéu khién duy nhat. Gia thiét 1a phuong trinh chuyén déng tu do ena
ddi tugng tu = 03 chi ¢d nghiém thue va am. Ham Hamilton cg dang:
i n n Ti

H = py, = 3 ¥ Py, + X 3 phu {2- 130
o =15 =1 1= 1 k=1

I[43

Theo 12-112) phuong trinh lien hop duge xac dinh:

dp, H* n _
— = — = -3 anp., (2-131)
dt. r'J_\a'II o= | |

hay dang vécto: p=-Ap _ (2-132)

Trong bidu thite (2-130) chi ¢o thanh phan cudi cing caa v& phai la phu
thuoe u, su d¢ theo k&t luan trén:
1
u' = sign ¥ bpitr . (2-13%
[
Phuong trinh (2- 1314 1a phuong trinh lién hop cia (2- 128). Néu nghiém
cua phuong trinh dac tinh co ban (2- 128 14 thue va am thi tinh chdt dy cing
diung vdi phudng trinh lién hop (2-131) cho nén p,it} cd dang:
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pi{t}

n
ORI’ (2-134)
= | L |

ma la cde nghiém thye am. Hang s6 ¢;; xac dinh theo diéu kién dau. Diéu
khi€n u* (2-133) sé od dang: '

i} n n
u® = sign ¥ b ¥ c.e’l' = sign ¥ Dje"i‘ {2-135)
= = ) o= 1
i
Vi ¥ D.e' di qua tri s6 0 khéng qud (n - 1) lan nén diéu khién
= ] -

|
u s¢ ¢ khong qua n doan khéong d6i [11].
Latu ¥ 1a khi cd nghiém cta phuong trinh dac tinh ta nghiém phic hoac
hé 1a phi tuyén thi dinh ly vé n khodng khéng thé ap dung duge. Digu ay the
hién r6 & vi du dudi day:

Vi du ting dung

Bai todn t6i wu tdc dong nhanh v6i déi tuong i - bai todan 7 o6 phudng
trinh trang thai:

u

1A
=

N . vty
va dieu khién dang: [u | _
vdi diéu kién bién: ¥ 0 = -1 yiTr =10

yzt()] = 0, yz('T} = 0

O day: T- thoi gian ctia qua trinh t6i uu vdi y, = v, ¥y = ¥. Bai toan dat
ra la dua dié¢m bigu dién (¥, ¥>) tit vitri (-1, O) dén gbc toa do

voi thoi gian
ngan nhat.

Vai doi tugng trén, ta ¢ hé phuong trinh:

%1 = (2-136)
Yo T oy
Thanh lap ham Hamilton:
H =I.EZ= P.-)"-. = Py, - Py, TP (2-137)
Tir (2-137), ta thay H dat cue dai néw:
W' = sign p,t) (2-138)
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_ dp, Ak

Theo 12-1121: = .
dt {'iy{

dp: OFT*

a?“ rlfy N

Anh theo Laplace cua (2-13% tuong dng vai:

= -p, .

SI"]iSP - plt()r = P.tay

P,z - pai)

T (2-1400 ta co:

= .}

|(.~:"r

P30 - pyi0)

Puisy ==
) + 3=

: . ]
Tra vé ham goc:

patt) = Asin {t + o ),

va LU bidu thie (2-110) Suy ra:

Pit) = -A cosft + b

A va «  théa min digu kién:

Asine | = pL10)

-A cosa, = P

NU’

Thay thé 12-142) vae biéu thic (2- 138) ta od:

nhy @ hinh 2,24 .

u' = sign [sintt + « )],

a) D& xac dinh quy dao pha ta thay thé vao (2-136)

u = +1

yi = ¥>

V: =1 - ¥

O bidu thic dau, néu thay
y; bdi ¥ - 1 thi dao ham van
khong thay dai:

2H -,

(2-139

(2- 140}

(2-141)

(2-142)

(2-143)

{2-144)

L

d 1
— {w - i = N
at ¥j ¥,

d 1
— ¥. = '{' = ]
dc ¥ ¥
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ta co ag phuong trinh tuong tu nhu (2- 142)

¥, - 1 = Asinit + tl’nl
¥y, = -Acos{t + )
Tir ds: ty, - 17 + vy, = A% . (2-145)

Bd 1a ho cdc phuong trinh dudng tron c6 tam & di€m (+1, 0) nhu trén
h.2-27a. Biém bi€u dién chuyén déng déu theo quy dao pha (vai thai gian 7
dude nia dudng trond.

b) Thay thé& u = - I vao 12-136) ta cd két qua tuong tu:

. ) + D+ oyt = A7 (2- 146)

Quy dao pha -
lA ho cac dudng
tron dong tam vdi
toa €6 (-1, 0 nhu
trén h.2-27h,

Khi khao sat
hé thong & trang
thdi cudi ta quan
tim dén doan quy

diao pha cudi cung

chuyén dong dén
goe truc vai thai Hinh 2-27.
gian g (3 =

wi

Hinh 2-28. Hinh 2z-29.°
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chang han véi u = + 1
th.2-28). Dé dén dude didm
A hé théng chuyén dong nita
chu ky vdiu = - 1. Diém B

dsi xing vai A qua tam vai
toa d6 (-1, 0) nghia la digm
B nam trén nda duong tron
NN, da6i xing vdi M,0 qua u
cung tam doi xding. Cing

a)

tuong tu nhu vay bién luin

.

cho quy dao pha CB v.v... 4 7 ¢ ’
Téng hop lai ta cd quy dao
pha nhu & h.2-29 cho ca i
trang thdi cudi cing Wng voi -7
w = + 1 cing nhu -1. Cac  b)

guy dao pha phia trén dudng
cong ... M;M,M,ON N,N,... 2 i | l T
ung vii u = -1 va phia dudi:

u = +1 nén no la dudng

o —

chuyén ddi. O bai todn trén, -1

[
e

phuong trinh dac tinh p® +
1 = 0} e 2 nghiém thuan 4o Hinh 2-30.
P > = %} va 56 lan chuyén
d6i con ldn hon 2. Viéc xac dinh s6 lan chuyén d6i va quy dao pha cho bai
todn dat ra 14 theo diéu kién d3u.

Biéu khién tdi vu d€ dua hé thdng tir diém (-1, 0) dén gdc toa do phai
gom 2 doan vdi thii gian 7 {u=+1)var, (u=-1) nhu ¢ h.2-30. Thi gian

. duge tinh bang cédch do tri s cla cdc gdc B, va 8, tudng dng véi 7, va 1.,

1 2
Ké&t qua do dugc B8, = 30 (1, = 0,52) va ,82 = 73" (r, = 1,28). T8ng thoi

glan 7 = 7, + 7, = 1,8. So sanh v6i phuong 4an digu khién gan t6i vu & hé

bac 2 (muc 1.5) (h.2-11) cho bai todn trén (2-34) d6i vai d6i tugng i 14 = don

vi thoi gian. Vay digu khién t6i wu s6 nhanh hon ¢ = 1,74 lan. O h.2-30c,

dutng ddt nét \ing véi t < 0 vi dieu khién bat dau xuit phat tit u = -1,
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.2.3.6. Dang 18ng quat v&i chi tidu chat luong dang binh phuong

Hé dude mo ta bdi phuong trinh trang thai tuyén tinh:
. ) x = Ax + Bu. .
Ham téan that dang:
) o
J = — [ix'Mx + u!'Nuidt ...
20
Ma tran M, N déu xdc dinh dugng.

Ham Hamilton:

H =T(X1Mx + u/Nw + p'Ax + p'Bu.

véii ma tran N dai xing con B bat ky ta cd

vl

TR
Vuiu Nu)» = 2Nu,
vy p'Bw = Blp.
H dat cue tiéu «dair khi Nu + Blp = 0
Vécta dieu khién t6i vu la:

u’ = - N'Bip.
Cac phuong trinh Hamilton - Pontryagin c6 dang:

Ax - BN7B!lp

x
p=-Mx-Alp
Dudi dang ma tran:
X ‘ A -8 x
P
S = BN'B!
S la ma tran d6i xing.

M Allp

Néu mo ta (2-150) dusi dang:
V = Hv,

thi nghiém cua né la:

vity = ell'vi0) = g(t)vio)
Néu tach riéng x va p:
Pty st

Xt} x(0)

pit) @2t p,,{t) p{0®)

(2- 14T

(2- 148}

(2- 149

(2-150

{2-151}

(2-152)
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Né&u xem théi diéni hién tai la t = 0, ta ¢d 2 trudng hap cin phan biét:

trang thai cudi 1a tu do hay ap dat.

a. Trung thdi cui'i tu do

Trong trudng hdp nay ta cd p(#) = 0; # la thoi gian con lai. Digu kién

nay co th& viét nhu sau:
@2 (x(0) + ¢,,(p0) = 0,
tu da: PO = -¢,,7B)g,, (x(0);
vadi moi thai di€m ta cd:
u’ = N1Blg,, e, @x.
h. Trang thii cud'i la dp dit
x( = x| hay:

P, (01X(0) + @ AOPO) = x7,

tir da: p0) = o, DX - p (0],
va voi moi thoi diém:
u' = - NIBTp U@ x' - ¢, (0x]

Vi du irng dung

Ta khao sat bai todn b - bai toan tiét kiém nang lugng.

V&1 hé digu khién cd ede phuong trinh sau

WEX45 =%
¥y = X, = U
G = u?

Ty = xI = 0

Cdac ma tran dude xic dinh nhy sau:

01 0
A:’ . B = ;M =0;N = 1
o0 1
0) 0 0
S=| |01 =
| o
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Tl do ma tran H:

Sa do graph
tin hidu nhu trén
h.2-31.

Cot 1 cia ma
trdn chuyén ti&p
thé hién didu

kién dau x,(0) cta

lugng gia tang

Hinh 2-31.

cda bién trang

thai. Theo so do graph tin hiéu & h.2-31 ta cd:

1 & . 8Y6 -822
0 1 . 842 -8

) =

Vi trang thai cudi 1A ap dat, (2- 154) che két qua sau:

g6 -a4 ‘ 1 4
ut = [0 1] X =
62/2 B 10 1
12 0 1 -# B 1 0
= — X =
ot .| -642 Ble Lo
¢ , i £
= —— [-6842 6Y/6) x =
g 0 1

12 ,
= [-62/2 -8%3]x = [-6/62 -4/8)x
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) 6 4 6 4
Cudi cung: v’ = - — %, - — x, = —
: H

_Eyl' )’2-

Két qua nay trung khdp vai (2-116) da khao sat.

l.2.4. DIEU KHIEN TOI UU CAC HE TUYEN TINH VOI CHi TIEU DANG
BINH PHUONG

i1.2.4.1. Phwrong trinh Ricatti
Phudng trinh trang thai cta hé:

x = Ax + Bu. {2-155
val hé tuy dong, véc 1d trang thdi mong mudn la x¥ thi sai léch duge xdc dinh
hiii:

e = x' . x (2-156)

ITam ton thédt cé dang:

I 1 .

SIS < J (e'Me + u'Nuwdt (2-157)

4 ll

M va N déu la cac ma tran xdc dinh dugng va ddi xiing.
Ham Hamilton:

H =— ie'Me + u!Nu + p'Ax + p'Bu (2- 158}

Biéu kién d¢ H cuc tigu la:

V.H = Nu + Blp = 0,
va ditu khigntéi wvu: u* = -N7'B'p. (2-159
Cac phuong trinh Hamilton - Pontryagin:

p=-Ap + Me = -Alp + M(x¢ - x) (2-160)

x = Ax - BN'B'p = Ax - Sp (2-161)

v6i 8 = BN7B'! d6i xing.
Hoac dudi dang ma tran:

0
+ M

AT

x A -S
P _‘-M

P

te



Ta nhan thiy rang cac vée to x va p lidn hé nhau bdi phép bign dai tuyen
tinh dang:

p = Kx-vw {2-162)
T 12-160) va (2-162) ta co:
Kx + Kx - v = -Mx - ATKx + Alv + Mx"

Sau khi thay thé x tir (2-161) ta cd:

KAx - SKx + Sv) + Kx - v = -Mx - A"Kx + Alv + Mx'.
Véi moi x dang thice trén s nghia néu:

K+ KA+ AK-KSK +M = 0 (2- 163

v+ (Al - KSwv + Mxd = 0 (2-164)

vii 8§ = BNB'.
Hai phudng trinh irén cho phép xdc dinh K1) va vit). Phuong trinh
12-163) goi 1a phrong trinh ma trgn Ricatti. Tu d6 ta cd dude:

u* = -N'BliKx - v 12-165)
X = (A - SKix + Sv (2- 166

Chu ¥ rang u la

hiam cda x nén od thé

xay dyng dude hé kin

vai phan hoj.

Néu trang thidi cudi
sty do, ptTy = 0, tu
di: KTy = ¢, wiTy = 0.

iy tich  phan
o Hinh 2-32z.
ngude lai bang cach
thay 1hé& K va v bdi —I:(, -vova xem Ki0i = 0, vith = 01a disgu kién dau. Kit)
vit vit) khong phu thude trang thai cta hé co nghia 15 luat diéu khién 13 tdi
wu voi moi diéu kién dau. So do khdi ctia hé 161 un trén lughg dng vai h.2-32.
Chu thich
1. B6i véi hé tuy dong, khi muén ap dat trang thai cusi x(T) gan vai
trang thil mong muén tdiéu khién trang thdi euéi’ ham tén thit og dang:
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o | I .
J = e (TFe(T) + 5 fielMe + u!Nu)dt
]

(2-167)
Ham Hamilton e dang (2-158) va ti dd, diéu kién cubi la;
|
p(T) = [Vx( N e'Fe)] _ , = Fx¥(T) - Fx(T).
Mat khde: piT) = K{Tix{T) - v(T}
Tit do ta cd: KT = -F; viTh) = Fxdim), (2-168)
vai moi x(TY va x(T).

2. Ma tran K la d6i xing. Vi M va 8 déu d6i xing, chuyén vi phuong
trinh ma tran Ricatti (2-163) ta cs:

K' + A'K!' + K'A - K'SK" + M = 0.

Ma tran K va ma tran chuyén vi cua nd déu la nghiém cua cing phudng
trinh vi phan, hon nia F déi xung:

K(T) = -F - Kf{T) = -F' = .F.

Nhu vay K via K théa man cung phuong trinh vi phan va ciing diéu kién
cudi nén ching bang nhau, vi the K déi xing
3. Bai toan tdng hop bo diéu chinh. Trong truong hgp trugt vé gdc truc,

ta cd x4 = 0 va tit d6 v = 0. Phuong trinh ¢d v khéng cdon nita va chi con
lai phuong trinh Ricatti vai K.

Han nita, néu thay thé e

= -Cx ta co:
e'Me = -x'C'MCx; elFe = -x!CIFCx.. (2-169)

Trong tinh todn, chi can thay thé cic ma tran M va F boi C'MC va
CIFC va

K(T ) = -CH{TIFC(T) : (2-170)

4. Tong hop bo diéu chinh vdi thai gian vb tan
Néu cac ma tran A, B, M, N déu 1A ma tran hang va T khong xac dinh,
luat diéu khi¢n la bat bién vi & méi thoi diém déu giéng & thi diém k& tiép.

Do d6 K la hang va K = 0. Phuong trinh Ricatti tvd thanh hé phuong trinh
dai s6 ma nghiém la cac hé s6 phan hoi.

5. Déi vdi bai toan tén Lhit cuc tidu:
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. ) P = Vxd* = Kx - v.
Tén that cye tidu sé co dang:

| S .
J* =5 x'Kx - vIx + K (2-171)
Bang cdch dua bigu thice (2-171) vao phuong trinh Hamilton - Jacobi ta
36 ¢6 cAc phudng trinh d6i vdi K va v nhu trude.

1.2.4.2. Phuwong phap gidi phuong trinh Racatti

a. Phirong phip gidi tich

V@i nhilng trudng hop gian don, dung phuong phap giai tich nhu sau:
Nghiém caa phuong trinh ma tran:

X=AX + XB + XCX +D (2-172)

sé tuong duong voi nghiém cia phuong trinh ma tran hé tuyén tinh sau:

Y = -BY - CzZ, (2-173)
Z = DY + AZ, (2-174)
véi X = ZY! (2-175)

Thuc vay, vi X = Z¥ 1 + ZY™,

Nhung  Y? = -Y'yy?l

Tit do X = (DY + AZY! + Z(-Y)(-BY . CZ)Y"
=D + AX + XB + XCX.

Vi du iing dung

Hé théng ed phudng trinh vi phan: ¥ = u
‘ ‘ 1 ¢
Chi tiéu chat lugng: J :7 Jix?2 + 1uddt
1]

Trang thai cudi khong xde dinh.
Cac ma trdn ¢d cdc gia tri sau:
A=0B=1M=1,N=1;
S = 14 = u?
Phuadng trinh Ricatti v4i thdi gian tinh ngude cd dang: K = - WK+ 1
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Digu khién t61 vu cd dang:
u' = -aKx.
Véi thoi gian khong giagi han:
K=0->K= 1 vau = -NX.
Phuong trinh Racatti tuogng duong vdi hé phuong trinh tuyén tinh sau:
v = u-Z,
Z = yvii K = Ziy
Vi K0} = 0 nén ta od thé ca:
Ziy = 0, vty = 1.
Hé phuong trinh can giai dudi dang ma tran la:

¥ ¢ e ‘ v

]Oi!Z

Ma tran chuy#n tiép duge tinh nhu sau:

[ -
[
| Z

8 -4
¢ ig) = g A= 8 - %
-1 5 i
5 IHE
Pls) =— ,
g - n- |1 5
chu#i feshuf
pIH =
: shuaf  chuf
|
Tu do ta ¢6 nghiém:
vig) | | ‘ chufi
i .= «ng) =
i !
ALY ‘ 0 — shué
H t
Z 1
K = — = 'f.hlja'lg,
¥ i

1K = nthpue,
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u* = -tuthuthx,
S0 dé khéi nhu d h.2- 33a.
Trong trudng hgp thai

gian khong gidi han: T - = - Xy=0 Z , x
= -ux tudng ing véi hinh 2. 330, ___(_)% /'“ s B {

h. Gidi phurong trinh Ricutti  b) T T T —

hiing phuwong phip tich phin 50 Hink 2-33 .
Gia 30 hé dudge mo ta bai:
ek

X, = 1
1 'l. b hl k]
va ham ton thit: J =— WX~ 4+ 64X, +Au-idt,
2 h

Phaong trinh ma tran trang thai:
. 0 1

X = X o+
i 0 0

vii tit ham tén that:

u

2(r = :;xlz + __uxlz + Au” ta xac dinh

BB

110 Lo 0 vy 0
C =—— | o 1=2 LM - N =
) A 1y A L -0 It
Mat khdce ta dat;
a
LI
b d,
var tinh:
0 al .. . |0 0 ‘
KA =  ATK = (KA = | | ;
0 b| | a
1 |b* bd
KSK = - .
A hd d-

Phuong trinh Rieatti ¢6 dang:
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ab\oao'(Jlblbdqu
b d]ﬂo bﬁ-{a b1'7 bd  d?| |0 ,u\"'

Phuong trinh trén tuong duong véi 3 phuong trinh sau:

h- 0
a - +p =
3 i
hd
b +a- — =10

. d?
d+2b-~A—+;l=0

Véi thoi diém cudi khong gidi han ta co a = b =d = 0 va hé phuong
trinh trén tugng duong vdi
b’ = 1}7
a2 = 22 Vg + w
a2 =n 2V iy +

Dizdu khién t6i vu la; u* = - NTB'Kx, ma
o a
B'K = [0 1] = [b 4],
b d
1
t dg u* = -—-A—{bxl + dxz),

Hé duge mé td nhu &
h.2-34. Day la hé bac 2 véi hé
56 suy giam duge xac dinh bai:

42° & 2 + &

L‘- |— — [—

) Ab vin
Khi g = 0; ¢ =VE dd 1a hé

Hinh 2-34.

80 suy giam cta hé bac 2 t6i vu.
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K&t luan

Phuong trinh Euler thuding ding d¢ giai cdc bai todn téi wu ma phiém
ham dang phi tuyén, cdn didu khién 14 nhing ham tran ma ta cd thé du dodn
trude, dua trén ban chdt vat 1y cia chidng.

Phudng phap quy hoach déng bit dau tit viee khao sat & mot chang véi
k bién, luu lai d bd nhd roi tiép tuc chang tiép theo. Phuong phap cuc dai
khao sdt cd quy dao t6i uvu n chang, trén cd sd két qua trude, cai thién cho
quy dao ti€p sau. Nhu vay phuong phap quy hoach dong thuan tién cho viée
su dung may tinh nhung khéi lugng tinh tang rit nhanh déi véi hé nhisu
chiéu va khi cin d6 chinh xdc cao. '

O méi chang, khi xac dinh bien trang thai va didu khign t6i vy, viee dua
vao diéu kién han ch& & phuong phdp quy hoach dong dé dang hon 13 & cdc
phuong trinh Pontryagin. Phuong phap quy hoach dong khéng yéu cau phai
co nhing biéu thife chinh xac d6i v&i qua trinh va cho phép phat hién téi wu
toan bd. Do do, két hgp ca hai phuong phap sé wu viét han: bude dan phudgng
phap quy hoach déng cho phép phat hién sa bo cyc tri toan bé sau do ding
phuong trinh Pontryagin dé giai bai toan.

Phuong trinh Ricatti ding dé téng hop cac hé tuyén tinh véi chat lugng
dang binh phudng cia sai léch. Hé kin it chiu anh hudng ctia nhidu va su
bién d5i cua thong s6, phuong trink Ricatti cho phép tinh dén digu kién dau
khac khéng va thay déi tin hiéu dat. Viée chon ma tran trong lugng thich hap
d chi tiéu chat lugng la quan trong.
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Phan Hi

Dieu khién thich nghi

n.t. KHAI NIEM CHUNG

{il.1.1. Vi DU VE MOT HE TUY DONG THONG THUONG

Trén h.3-1 o so do nguyén ly clia mot hé tuy dong lién tue bam mat trai
Mruong mat trdi®). Sue dién dong cua méi cam bign C (té bao quang dién)
tuy thude vio quang thong cua chiim dnh sang mat troi ¢ va gde chidu o inhu
i h.3-2).

/'/
~ _

- //1\

« Hinh 3-1i.
Néu € €y mace kigu vi sai, d dau ra cia ed cdu so sanh cd dién dp u =
Koda ma K = fig) nha & h.3-3.
Tuy dau va tri s6 cua u, ma sau khi duge khuéch dai, dién ap u_ dat vao
dong ca =& diéu khifn guong quay theo hudng triét tiéu sai léch gilta truc
quang hoc cda gudng va hudng caa tia sing mat trai. Khi anh sdng y&u, nhu
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)
/o
chr—-?’
Hinh 3-2. Hinh 3-3,

khi bi may che khudt thi sy thay déi cua e va cung vdi no u, lam cho dién
ap u, . dat vae déng co giam. Nguge lai khi ndng gat u, tang va toc do quay
cia dong co ¢ ldn. Hé 8 khuéch dai cta ca hé théng dude xdc dinh bai:

K = K, K Kr. (3-1)

R
trong dd K, - hé s6 bién d&i cua cdm bién, K. = R hé s& khuéch dai

:_-.E'm kl}ufs'(th dai b i)
diégn Lo, Ko cac
hé =0 khuéch
dai khdac nhu

cua dong co, hé bloo) e /\

=0 truyeén cua

hién tde ... ma
ta co thé xem

14 khong thay

Jdai. J

Khi K. //
thay dsi, K z i
cing sé thay 0

doi theo sy
thay ddi ngau Hinh 3-4.
nhién cta lugng quang théng.

Do do khi thi&t ké khong thé xac dinh duge K dé hé lam viéc ¢ trang
thai t6i vu (K* chi duoe tinh ding vdi lugng quang théng ¢  ¢6 dinh). Khi

125



K = K, » K” hé¢ sé dao dong co khi dén mat 6n dinh; ngude lai khi K = K-
< K* hé s8 "1", d6 chinh xdc kém. Trén h.3-4 bifu thl ham qua dé eda chuyén
dong gudang vdai diéu kién 1a khi vugt qua viung kém nhay coa hé thong, guong
mdi bat dau chuyén dong nhu cd tin hiéu bac thang d dau vac.

Nhu vay, hé tuy dong thong thuong ndi trén s& khong lam viéc nhu mong
mudn vi lugng guang thong @ thay déi mot cach ngau nhién vdi pham vi bién
doi 16n.

li1.1.2. UNG DUNG PHAN TU THICH NGHI TOI GIAN

Co thé cd nhidu phuang dn cal thién ché do lam viec cva guong mat tradi.
Phuong an gian don la dung mot cam bién thi ba C,, do quang thong cia
mat trdi, so sanh voi mét ngudng dién Ap u, roi didu khién mot rale trung
gian vdi muce dich thay déi hé s6 khuéch dai K|, nhu ¢ h.3-5. Khi lugng quang
thong tang, K, tang va rale RL sé& cat mot phan dién trd trong mach phan
hoi ctia khuéch dai K | Hé s6 khuéch dai cia hé théng K do dd ma sé dugc
duy tri 8 muc d6 can thidt. Néu diing nhidu role mac song song va lam viée
véi nhitng tri s6 ngudng v, khic nhau, ¢é thé lam cho K bién déi "tron", gan
v6i hé 38 khuéch dai t6i vu K* ma khaong phu thude lugng quang thong &b,

| . e

u R, K* ' /I'-_-
TE ] h /// l/

1 * '
R RL ]

Hinh 3-5. Hinh 3-B.

Trén h.3-6 1a ham bién thién cda @ (gia su 1a tuyén tinh) va tdc dong cia
ba rdle ed ngudng khic nhau cing nhu hé s6 khuéch dai t6i vu K* da tinh trude.
Thuc t& cho thiy chi vdi mat role, ché do lam viée ciia hé dd duge cai thién ddng
ké [29]. Néu trong mach chinh dinh théng s6 cia khuéch dai, dung mot dong
cd con lam viée @ ché do tﬁy dong thay déi vi tri con trugt thi ta cd ché€ dé lam
viée 1y tudng - K luén 1a mot hang va bang tri s6 tai wu K*.
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111.1.3. OINH NGHIA VA PHAN LOAI CAC HE THICH NGHI

Trong vi dy trén, vi sy thay ddi quang thong (nhiéu) lam thay déi hé s3
bién ddi ctia cam bisn K -4 Nén chat lugng cia hé théng (o, t " s} khéng gilt
dude tri s6 toi wu (Wng véi K = K*). Mach thich nghi c¢ nhiém vu do dé nhay
cAm cta thong so K., d6i vai @ va xac dinh dai lugng K., can cd d€ dam bao
chdt lugng cda hé luén t8i wu. Do d6 1y thuyét vé thich nghi gan lién voi ly
thuyét vé& nhay cam [30. 31].

Cd nhiéu dinh nghia vé hé thich nghi va néi chung khong cd sy khac
nhau ddng ké&.

"Thich nghi la qua trinh thay déi thong s6 va cdu tric hay tac déng didu
khién trén co s¢ lugng théng tin od duge trong qua trinh lam viéc vdi muc
dich dat dugc mot trang thai nhat dinh, thudng 1a téi uu khi thiéu luong
thong tin ban dau cing nhu khi diéu kién lam viéc thay d8i" [33] hay:

"Digu khién thich nghi la tong hop cdc ky thuat nham tu dong chinh dinh
cAc bo diéu chinh trong mach diéu khién nham hién thyc hay duy tri @ mot
muc d6 nhit dinh chat lugng cia hé khi théng s6 cta qua trinh dugc digu
khién khong biét trude hay thay ddi theo thoi gian".

Téng két sém nhdt vé cac phuong phap thich nghi la cia Donalson D.D.
va Kishi F.H. [5, 22]. TU nhiung nam 50 - 60 nhitng tién b6 cia ly thuyst
dieu khi€n da md dudng cho hudng diéu khién mai - dieu khign thich nghi.
Hang nam cd hang tram cong trinh va nhiéu siach bdo vé vian dé nay. Xuit
hién nhiéu tir mdi nhy .he tu hoc”, "hé tu t&i uwu”, "hé tu t8 chic", "hé tu digu
huong" v.v... Dudi anh hudng cla viéc nghién cdu v& tri tué nhan tao, mét
50 khdi niém msi nhyv "dieu khién ma", "digu khién no-ron”, "didu khién thong
minh" ra doi va nhanh chéng duge st dung trang thuc té.

Trong khoang 40 nam trd lai day, ly thuyét diéu khién thich nghi di duoc
hinh thanh nhu mét mon khoa hoc, tir tu duy tré thanh hién thuc nghiém
tue, tU cach gidi quyét nhitng van dé co ban trd thanh bai toan téng quat, tir
viin dé vé su ton tai v kha nang cd thé giai quyst dén nhimng ap dung dinh
hudng xuit phat tit tinh bén vitng va chat lugng.

Hé thich nghi co nhing wu diém sau vé hiéu qua kinh t& ky thuat:

- Cai thién chat lugng san pham,

- Gia tang san luong,

- Tiét kiém nang lugng,
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- Gidam thoi gian bdo dudng,

- Phit hil . sdm hong hde,

- Luan ching kinh t&€ vung chac.

Cd thé phan loai cac hé thich nghi theo cdc tiéu chudn sau:

1. Tuy theo sy ton tai hay khong tén tai trong hé, tin hidu phu ma nguai
ta dua vao d& "tim" duge ché do lam viée téi wvu ma od hé c6 tHin hidu tim [14,
20, 37] hay khong o tin hidu tim [15, 17, 23, 361, co khi duge xem 1a phucng
phap gay nhidu thong sa [5, 13]

2. Tuy thude vao doi tugng 1a tuyén tinh hay phi tuycn tinh, nhat la khi
due tinh tinh cua dai tudng o6 cue tri tede dai hay cue tidut v6 rét ma cd hé
eve e [B, 6, 41 hay hé gidi tieh [15. 16, 17, 21, 23] «» hé cue tri. ban than
doi tugng co dae tinh cue dai hay cue tieu, do 14 lugng (adng tin ban dau 6
thém dude viv brén cd 38 dy hé duge ting hap gian d-+n hon. Do dd hé cue tri
phat trién sdm hon va phuang phap khao sat hoan chinh hon. O hé giai tich,
"ede tri caa chit lugng', duge hinh thanh gian tiép cho nén gap kho khan
trong qu: trinh tél vu hoa vi mat cue tri nhidu khi khong nhu gia dinh. Do
dd ¢o nhung phuang phip két hap dé¢ tan dung dac diédm cda ching [14, 16,
37)

3. Diau khién thich nghi duge thuc hién trong digu kién lugng thong tin
ban dau vé d6i tugng rdt han ch& Trong nhidu truiang hap can nhan dang
dai tugng. do la dicu khién gian tidp. Trudng hop dieu khign khong qua nhéan
dang la dién khién triee ticp. Két hop nhin dang va didu khién cd kha nang
tang do chinh xdc cta hé théng nén didu khién gian tiép com duge xem la
dieu khién thich nghi toi wu [22].

4. Tuy thuoc vao su tdon tai hay khong ton tai trong hé thich nghi, mé
hinh mau ma cé hé co mé hinh mdau [6, 21, 37, 38] va khong co mo hinh
mdau. M6 hinh mau co thé ndi tiép hay song song.

5. He¢ thich nghi tién dén trang thal t6i vu modt cidch tuan ty, bube sau
duge thue hién trén co sd danh gia bude teude theo mot chi dan nhat dinh.
Tuy thude viao sy tom tai hay khong ton tai "chi dAn” ma co hé hoc hay hé ti
froc.

6. O hé thich nghi, ngoai mach vong cd ban caa maot he théong thudng con
cd mach thich nghi. Tuy dang cia mach thich nghi ma phan biét mach thich
nghi hd va kin.
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7. Tuy thude vae mue do phic tap cia mach chinh dinh - chi thay daij
thong s6 hay ca cdu tric ma cd hé te chink hay hé t 6 chiic [18, 23].

Ngodi ra, cing nhu & cic hé thong thugng, tuy theo phuang phap tdng
hop 14 tién dinh hay théng ké ma oo hé tien dinh va ngdu nhién cing nhu

lién tue v gian doan. ﬂ
Sd do khoi téng

gqudt cda mot hé thich [ y
. X - ) 5 MEAN
nghi nhu trén h.3-7. o ! DANG

Ngoai co cdu didgu khién
tCCDK) va déi tugng

dieu khign (DTHK} ena
mét hé thong thudang

con ¢6 ¢a cdu nhan dang

vit ¢d cdu thich nghi. -x— - DT bK y“
Cd s e (=) [ o
.0 sy khdc bigt ro
nét gitta hé cue tri va hé
gial tich. O hé giai tich
thuong khong dung tin Hinh 3-7.

hiéu tim con & hé cuc tri
thudng dung tin hiéu tim.

Cdc chuong sau sé nghién edu theo hudng nay. O méi loai chi di sau vao
mo6t hé cu thé va ti dd suy ra cdc phuong phap xay dung cdc hé khac.

Phuong phap téng qudt hda cic hé thich nghi [38, 39] cd ¥ nghia r41 1on
[21] khong nhitng & ché bao quat duge mot s6 lugng rar lén cdc bai todn thich
nghi, dan gian duge viée tim hiu nguyén Iy ca ban cua ngay cac hé phie tap
ma con trén cd s§ dd xay dung cde bai todn mdi, cac thist bi cu thé méi.

1.2, HE CUC TRI

I.2.1. 01 TUONG CO DAC TINH CUC TRI

Trong linh vuc di¢u khidn ty dong, thuong gap mot s6 dai tuong c¢d dac
tinh cuc tri (cuc dai hay cue tifu). Sau day la mot s6 vi du.

Vi du 1

Ra da bam muc tiéu di dong nhu & h.3-8a. Tin hiéu didu khign goc ti va
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gdc phuong vi
U, u, va cuing
do thu vy cua
rada ¢d dac tinh
nhit d h.3-5b.
3ol val mue
tiéu di dong, dac
tinh cuc tri ludén
thay déai. Hinh
dang cua yiu,,
u.t thay déi theo
khoang ciach dén
mue tiéu. Hon
nita y con thay
doi ngau nhien

do tdac dong raa

a’l

nhiéu ty nhién hay nhidu tich cye.

7

—

Nhiér héu

al

Vi du 2

Trong cac lo khi dét, nhiét d6 t véi luu lugng khi dét q nhét dinh phu
thude luu lugng khong khi theo dac tinh cue tri nhu trén h.3-9b. Nhiét do
cue dai va hinh dang dac tinh t“(u) phy thude chit luang khi d6t, nhiét do
khong khi va vat can nung. O déi tuong nay qua trinh trdn lAn khong khi va
khi dét 1 c¢6 quan tinh, vat can nung cing nhu dung cu do ciing cd quan
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wua: dac tinh dong
hoe trong trudng hop
nay khac wvai doi
tugng & vi du 1.

Vi du 3

Qui trinh khoan
nhy khoan tham do
viao loang dat cd dac
tinh cue tri nhu trén
h.3-10b. Ap luc cta
mii khoan P = x va
toc dd tinh tién cua
nd 1 = vy ixdc dinh

nang suit cua qud

F‘:J"_:_f

Hinh 3-10.

trinh khoan) ed cuc dai vi khi tang ap luc 16n han tri 56 t6i wu x* thi mai
khoan bi nghén va téc dé cham lai Hinh dang va tri s§ cuc dai phu thuac

viio tinh chat caa dat.

Vi du 4

Trong thuc t& thutng gap nhitng bai toan ma dai luong duge didu khién
la chi tiéu chdt luong caa hé, con luong digu khi€n la thong s6 chinh dinh
nhu 4 trudng hgp cdn thép la (h.3-11a). Da day H cuaa phéi truée true cin

t/

oc

al

L N I

Y
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dude do bang cAm bicn ¢ . 139 day h & dau ra cla true can duge do bang cam
hién .. Két qua do, dude may tinh MT gia cong d€ & dau ra la binh phuong
cta sai léch so val tri 0 mong mudn: y = Oh:' Dai lugng y gua eco cdu diéu
khién (CCDK) va mach hiéu chinh {HC) ¢é dong cd thay d8i vi tri true cdn.
Dac tinh cuve tri nay ed dang cve tidu. Tri s6 tai wu x* tiy thude tac dong cia
nhiéu (dac tinh cd hoce, nhiét da, do tan ban dau -:1”3 cua phoi) va cd thé thay
doi trong qud trinh cdn. Trong hé nay ngoai quan tinh c@a dong co, can tinh
den dé tré phu thuoc tée do clia phai

IH.2.2 HE CUC TRI XAY DUNG THEQO PHUONG PHAP
TACH SONG DONG BO

O hinh312¢6 3o do khoi

rses
vt hé cue tri xay dung theo Ab——_‘
phuang phap tach séng déng 1L F
bo. Doi tugng la mot khau
phi tuyén tinh cd cuc dai %
chang han va khéng ¢d quan
tinh trong trusng hgp gian
dan. Co can tdch song dong
hd (TSDB) gom ed cd cdu Hinh 3-12.
nhan va bo loc .
Ly, Co cAau chd 4 ¥
hanh (CH) dugi poc £
mé phéng bang
khau tich phan. ll
Trén h.3-12 - |
v,, 12 tin hiéu ! : i|
tht ttin  hiéu lI 1 [
tim) va v, - tin |I : E .
higu tua. Trong [ Y — Y% U T -
trudng hap ' -
khéng cd quan
tinhk ¢ DTDK,
Vi, V& v, 1a nhu
nhau, vi du dung | ¢ )
song diéu hoa: \ ( Hinh 3-13.
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Vi, = v, = Xmsmcu”t (3-2)

Nguyén tic hoat dong duwge giai thich theo h.3-13.

O di¢m lam viée A, tin hitu yit) ciing pha vai tin hiéu thir. O dicm lam
viee B - ngudge pha va diém ¢ idiem ede dail tin hiéu yit) ed tin s6 gap doi
2es DA A nhing thong tin quan trong lam co 8@ dé xay dung hé cyc tei.

Theo chudi Taylo, tai di€m lam viee X = v voi bién do X, bé ta co

r.J‘V
yiv + X sine 1) = yivi + —- | X, sinot +
X x =
1 r'J‘_}-‘ X . )
oot oo X sine 0+ (3-3)
2 254

v bién do cua song bac mat & dau ra cua dai tuong ty I¢ vai dao ham dyidx
G didm lam viee. Bs loc o6 chie nang dap tat cdc song bac cao. chi con lai
song hac maot, sdng hac mot ty 1& vai grady.

Néu dac tinh ytx) 1 ham bac hai:

¥ixl = a4 axe+ oa.xe,

thi bién do sdng bac mat & dau ra cta dsi tugng diéu khién:

o |
Y, == J yiv o+ X sines sine tdt =
T
oy
= D vr = 2 3.
Xrntﬂl +oca,v XIH ox |&:\f 13-4

ty Ié vai V. v. Do do phuang phap niy goi 1a phudng phap tdch song dong bha.

Car ey t.u‘h sung dong bé 14 mét bé nhan dé thue hién nhan ¥{t) véi tin hiey
tua vty va ho

loce dr\ Ay tri 36 v/
trung binh. Ba loe
I¥ tudng ¢d ham
trong lucgng nhuy
3 dudng dam nét
trén hod-lda, thue
hicn theo sa da
khoi g k- 14b,
Bo tré don thuan
chi duge thye

Hinh 3-1a4,



hiéu bang ky
thuat s6. Dudng
it nét  trén
h.3-14a 14 ham
trong ludgng cua
bo loc dudge thue
hién bang mot
khau qudan tinh
biac 1.

Nguyén tac

hoat ddéng cia Hinh 3.15,
hé cue tri duge
gial thich nhu sau:

O diém lam viéc A (h.3-13) tin higu y, cung pha vdi tin hiéu tua v, &
dau ra cta bo nhan 1a hai nia chu ky duong Z(t), b toc 1y tudng sé cho tin
hiéu p 1a tri 6 hing duong. Do d6 cd cdu chip hanh - mot khau tich phan
- s6 o6 tin hiéu 8 diu ra:

. 1 T
vit) = f p.dt = pty,
0

vh khi ding céng tac K (h.3-12) thi v{t) sé tir tri 6 v, chuyén dong theo
hudng tién dén cuc tri - digm C. Qua trinh sé nguoc lai néu hé lam viée d
di€ém B,

¢ diém lam viéc C (h.3-15b) & dau ra cua bd nhan, tin hidu Z(t) sé tao
thanh, cing vdi truc thoi gian, nhiing dién tich bang nhau va khac déu tiUng
ddi mot {gach soc trén h.3-15), do d¢ tri s6 trung binh p bang khéng va vi
tri diém lam viée vAn khong thay doi khi dong K vi do 12 ch& do toi vu cua
hé& cuc tri.

O hé cue tri cd 2 qua trinh xdy ra: qua trinh co bdn 1a qua trinh tién dén
eue tri va qud trinh tim 13 qua trinh xdc dinh hudng phét trién cta qua trinh
cd ban. O day gua trinh xde dinh hudng phat trién duge thuc hién theo phuong
phap tach sdng dong bo con qud trinh tién dén cuc tri (khi dong cong tac K
dudge thue hién theo phuong phap gradien. Sau nay, sé khong di sdu vao viéc
khao sat tung hé ma chi d& cap dén céc phuong phdp khdc nhau dé xdc dinh
grady va cac phudng phap chuyén dong dén cye tri. Két hgp tiung doéi mot.
ta ¢6 nhing hé cuc tri khac nhau

Khi déi tugng dieu khién ngoai dac tinh cye trj con cd thanh phan quén
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tinh, tin hi¢u dau ra cua d6i tugng y't! sé dich pha so vdi tin hiéu thd mot
goe plw 0, do dé & dau ra cia bd loe cba bé tach song:
iy

pitl = Xm——'—'— cospios b, i3-o
X

Néu gde dich pha dv lon han 45" thi chuyén dong sé theo hudng nguoc
lai 50 véi hudng dén cue (ri va he se khong lam viée duge. Do vay khi co quan
tinh, trude khi dua vao bo tiach sdng déng bd, tin hiéu tit mAdy phat séng tim
#€ qua ¢d cdu dich pha d¢ tin hiéu tua ciing c6 goc dich pha nhu tin hiéu yit)
ot nhit 14 bang yiw ). Trong trudng hop goc dich pha khong thé xac dinh
duge, ngudi ta diong mot mach thich nghi khae, xay dung theo phudng phap
gidd tich chang han d¢ nhan dang va tu ddng chinh dinh gée djch pha.

Trong vi du trén. bo tich song dong bo, tin hiéu phat séng tim déu co
thong 6 tol wu cGa nd nhu bién d¢, tAn s6 cua sing th@, hé s6 khuéch dai
vi hang 6 thai gian cta bo loc. Nhirng mach thich nghi ¢d thé duge xay dung
dé tu dong chon thang =6 t6i du cia chiing nham nang cao hiéu \ing cia he
(32]. :

Tin hiéu

phu (tin

hiéu tim. tin
hiéu tha
heé cue 1] eo
the Ia
nhitng dang

=ong  khac

nhau nhu

CAac Xxung
rang e,
Xung chu
nhat  v.v..

va clng oo
the la

nhitng nhiéu

ngdu nhién
do duge

trong  gua

Hinh 3-16.
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U‘ =Xn5”¢1*

T Y

==
—— -—__'.r

trinh lam viéce. Trong
trudng hgp ay may phat
=ong déng bd =6 thue

hié¢n chue nang cua co

vitn xa¢ dinb ham tuong

quan cda =song dau vao

vii dau ra cia déi tugng:

dyix o= kR f0) : Tl PT DK
13-6 '

Tren h.3-16 la két

(ua ma hinh hda hé cue

tri tron may tinh vdi

<dng tim v, [a ngav

nhieén. I dé quan =dt, ¢ tn
DF,

h.3-16 con ¢ tin hién

ngau nhien vdi "tan =6"
Hinh 3-18.
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trung binh giam 5z
di 200 lan. Trén / \ e ) N _
. - — VARVARVELVARNY: H_l : (VAR
h.3- 16 con oo tin S r i !

.. N . 2 ’ﬂ_ Vg H
hiéu vit)r tur vj trd WW%’J{/H{L- J—L, T Fnﬂﬁﬂgﬂgl‘ I

ban dau & diem B

dx
3 t
thén phai cue tri) Nmﬁﬂﬂmu%%aﬂwﬂw_ r» le - VOV
- - . KO r.I'4 fr dI},
tlc‘n dén cuc tri mm%mww\_ 4}7_ L _‘.\_]7 I;__ B W
di¢m € 130 sianh { :

vai h.3-13. 6
h.3-17 ed cae dac

a) bl el

_ ' Hinh 3-19.
tinh trén vdi tin

hieu tim 14 sdng didu hoa 13-2). So sanh yith vdi v, co thé thay pham vi cung

pha, nguge pha va tan =6 giap doi cua yit) so vai song tim Vip-

Phudang phap tdach sdng déng bo ed kha nang chong nhi¢u tét nén théng
dung. Phudng phap nay e the dung dé chinh dinh théng 6 to6i vu cho hé
nhieu thong s6 dau vae nhu ¢ h.3-18. Méj kenh s6 lam vide voi tan s6 riéng véi
mAy phat sding PS8 tao song tuang ng va bo dich pha DF tuong dng. Cung
et thé dung tin hiéu léch nhau theo thii gian th.3-19b) hay két hop ca 2
phuong phap thinh 8- 19¢! nham giam =6 lugng nguon phit song. Do dd néu st
dung duge nhiéu ngiu nhién th hé «é duge dan gian nhisu nhung téc do tim
duwge cwe tri sé cham.

I11.2.3. CAC PHUONG PHAP XAC DINH GRADIEN VA CHUYEN DONG
DEN CuC TRI

(—f‘__
; o
M1.2.3.1. Cac phuong phap — 1 ‘ VAN S
i . r
i
|
i
|
|

tiéu

xac dinh gradien cua ham muc
1. Plurwny phdp duo ham theo

fliri gian

Gradién eda ham muc ticu .
ca thé xde dinh theo: I+U° J
. b
dy  dydde R - L
grady =-- = N ol g d
dx  dxidt 4 4
'y, . : dx
Hinh 3.20.
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bang cach dung cac bd vi phan & dau
vao x va diu ra y eda doi tugng. Phan
tr logic L, th.3-20) xac dinh diu cia
dao ham, tit khuéch dai K1) va co cau
chuyén dai =6 dua tin hicu += u | vio
cd cdu chap hanh

Né&u co nhieu dau vao ed 1hé
diing cac hiim fuyén tinh lan ludgt dua
viyo titng kénh nhu trén ho3- 21

Pao ham toan phéan cd dang:

dy ay  dx, ay  dx

= — — + ... +-—
dt e'iX] dt. r-J)(ﬂ dt.

n

O mbi thai diém chi cd mot kénh

eo gia tri vi du &:

1=t =t co

dx dx
il P B
dt dt

Thay the (3-8 vao (3-Th
dy Y,
—— = [—} b,
dt B r'l)(i -

} 5
t
|[ —d-
Z, |
{
| L
| |
X, I !
f |
| |
| i
g 5 &
Hinh 3-21.
dx .
—_— = b1 (3—8}
dt -
{(3-%

Nhu vay bang ciach do dao ham theo thoi gian ctia ham muc tidu, co thé

xac dinh dao ham riféng tudng dng.

Phuang phap nay gian don nhung tén nhiéuw thai gian tim va rit nhay

cam doi vdi nhidu do ding cac khau vi phan.

2. Phuwrony phiip tdch song diong b 1da khao s5. ¢ mue m.22).

Ii.2.3.2. Cac phuong phap chuyén dong dén cuc tr

Sau khi xac dinh dao ham rieng bigt hudng va dai lugng gradién, hé thye

hién qud trinh ¥ sd - qua trinh chuyén déng dén cuc tri. Dudi day 12 mot

<o phudng phap chuyén dong dén cue tei riéng biét vai qua trinh xdc dinh

aradién

1. Phivorng phip gradien

O phudng phap nay bude chuyén dong 1y '# #di gradicén:
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Ax = a gradyix), {(3-10)

trong dd, a- hé s6. O méi kénh budc chuyén déng ty lé véi dao ham viéng
tuong dng. Trén mat phang 2 thong s& ditu khign & h.3-22 c¢d cdc dudng
dong mic - dudng cong
cung tri 36 y. Néu cuc tri 1L
la cuc dai thi dusng trong
co tri 6 ham muc tiéu
lon hon dudng ngoai nd.
O h.3-22 edn ed quy dao
tim cyc tri cua phuong x*
phap gradién: qui¥ dao 1
-2-3-4 0 mbi did'm,
dAau tién xdc dinh gradién .
r0i sau d6 bude chuyén - -

: ok
déng 1 - 2,2 - 3, 3 - 4. ; ?

Huéng chuyén dong theo 5

ia

gradién la hudng vudng

goe vl ti€p tuyén cla

S 1\ tiep ) yn Hinh 3-22.

dudng dong muc tai diém

xuat phdt va bude chuyén dong ti lé voi tri s6 tuyét d8i cla gradién dia dugce
x:ac¢ dinh.

O vi dy cia hé tich song dong bo trong muc [I1.2.2, chuyén dong dén cye
tr1 thuc hién theo phudng phap gradién.

2. Plurong phip ning (ha) nhanh

Theo phudng phiap nay, chuyén déng duse thuc hién theo huéng gradién
nhung d6 dai cia bude chuyén dong khong phu thude méduyn cua gradién
ma phu thudc vao diéu kién dat cuc tri theo hudng grad nghia 1a dén khi bat
dau tiép xue vdi mot dudng dong mdc nao dd. Trén h.3-22 chuyén dong theo
phudng phdp nang tha) nhanh 1& chuy&n déng theo quy dao 5-6-7-8.

d. Plurong phaip 67 wn hia theo toa 46 (Guus - Zeiden)

Phuong phdap nay thudng dung @ cac hé t6i vu nhidu thong 36 diau vao
vdi cde bo diva chinh cve tri mét bién. Trudng hop nay chi mét thong =0 thay
ddi cho dén khi dat cuc tri theo thong s6 4y trong khi csc thong s6 khac o6
dinh. Sau dd thay d8i thong s6 thit hai v.v... Quy dao chuyén dong theo phugng
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phap t6i vu hda theo ton do & ho3-22 14 9-10-11-12-13.

S0 b 2o sanh ca ba phugng phap trén, ta thay phuong phap nang tha
nhanh ¢ =0 bude chuyén déng it nhat trong cing mét disu kién. Phuong
phap 181 vu hoa theo tou do doi hoi nhitu thoi gian hon d€ dén cuc tri khi so
lugng thong =6 1dn,

11.2.3.3. Cac phuong phéap thuc hién doéng thoi hai qua trinh

1. Phuong phdp ghi nho e tri

(¢ cdu ghi nhd cue tri oo thé duge thuc hién bang cac linh kién dién tu
dun gian nhu & h.3-23a Khi c¢o lénh tang x, qua diot 1, tu C duge nap. Khi
vitr vudgt khoi tri 36 cue dai, vt bat dau gizun. Lugng chénh léch ngay cang
tang ay se dude dat trén diot D ovi dién tré npuge 1dn. Lugng chénh léch tuong
ting vai viang gach soc & h.3-23. Do d6 ¢ tén 14 phuong phap ghi nhad eve
tri. Khi dat dén tri s6 ngudng cia den K tngudng 8 1a tri s6 toi da dé den

c ngan mach diot
H cd cau chap hanh
K cho lénh dao chidu

Yy o 3 chuyén dong, dai

lugng yitr lat tang,

—
.

tu lai nap Khi ytt)

vudgt qua tri s6 cue

dai, lugng chénh

léeh so vdil cye tri

< A~ tang dan va so sanh

v ngudng 5 cua

den vov.., Cd thé hé

;=€ luon ghi nho va
bam theo cuc tri.

2. Phuwang phip
hirerc

Sau  khi thue
hién mot bude Ax,

hé sé do thang 6 §

Hinh 3-23. diu ra y, va so sdnh
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vl tri s trude do ¥ -; da duge ghi vao bd nha. K la sd thu td cia bude duge
thuc hién.

Tuy thuoe vao dau cda AV = ¥ - ¥ _ ma budc tiép theo Axy . | &6

|
duge thue hién theo hudng can thiét.

Néu cue tri 1a cue dai thi:
Xg .| = esigntAy), (2-11

ma ¢ la gia tri cua bude. Trén h.3-24a la cdc bidu do clia trudng hgp budc
cho trude, khéng phu thuoc tinh chat cua dai tugng. O h.3- 24b, tAn sd cuia
hude dudge xac dinh héi do déc cua dac tinh cuc tri. Cang gian cuc tri, do déc
cang bé han va tan =4 cda bude cing giam. So db khéi caa hé trén h.3-24c¢.
Dai lugng AV = ¥k - ¥k _, dudge thue hién nhs od cidu so sanh va phan t
tré T. Khau tich phan ndi tiép voi phan tit logic ng) diéu khién déng co bude

bycx) Lyt §vix) ;r Y(t)

H

| a) ré‘ f))

K Y,
Bc Lg 1 g " ‘_J
T
C) yK—f
Hinh 3.24,
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thuc hién chuyén dong theo quy luat sau:

-
+ ¢ néw [ Myt >0
o
Axg = * (3-12)
RN
L - ¢ mnéu [TApdt < -8
k-1
o 1a ngudng tdc dong cda phan ti logic. Cang xa cue tri Ay, cang lédn va
(T - Ty _ ) cang bé, bude cang day hon. Khi gan cue tri, Ay, cang bé, anh
huéng cta nhidu cang ldn, nhung thisi gian ldy tich phan ciing cang ldn. va
kha nang chdng nhidu cang tdt.

X Phirong phip don hinh

Trén mat phang hai thong 8, don hinh dugc thé hién bang tam gidc déu
canh {(trudng hop mot théng s6 - nhimg doan thang, ba thong s6 bién doi -
don hinh la nhiing hinh thap 4 dinh, mdi mat 1a tam giac déu). Trén h.3-25a
toa dé cia méi di€m 1, 2. 3 duge xdc dinh sao cho cdc canh bang nhau va
Ung véi chuing cdc toa do y x|, X0 ¥a0X, 5 Xy} VA yilX 3, Xp3) duge do va
s0 sdnh v&i nhau. Né&u cue tri 14 cuc dai thi dai lugng bé nhat sé bi loai tru
v trang thai mdi sé duge tao nén bang cach "lat” tam gidc 1, 2, 3 quanh true

3 d& loai trir diem 1. Cu thé hé 38 tien dén cyc tri. O vitri 11, 12, 18 g
trang thai dao dong va cdc tam giac luon ¥t quanh truc 11, 12 nhy h.3-20a.
DE tang do chinh xdc khi c¢d dao déng 1dn quanh cye tri,cé thé giam nua cac
canh cua tam gise trong qua trinh tién dén cve tri nhu ¢ h.3-25b.

Hinh 3-2%5.
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I1l.2.3.4. Phuong phap tim khi cé6 nhidu cuc tri

Trong nhigu trudng hop dac tinh dsi tigng yix, ..., x ) cd nhidu cue tri,
¢An xdce dinh evc tri toan bo thi hgudi ta thuting ding phudng phap "tim mu”
hay "quét". Noi dung la tuan ty “xem xét" cdc vung G cd thé vdi thoi gian va
t6e do sao cho phdt hién duge eye tri cAn tim. Néu kich thude (thé tich) ecda
tit ca cdc viung can quét la G = L, kich thudc viung cuc tri toan b 1a g, =
1" thi téng thai gian quct la:

B!

trong do AT la thai gian mét l1an do, n 13 $6 chidu cua veée to thong s, Thesi
gian dy qua lon nén ngusi ta két hdp ca hai phuong phap - phuong phap quét
két hgp voi phuong phap gradien, Phudng phap quét chi thue hien tim vang
va trong moi viing phuong phap gradién nhanh chang tim cue tri (h.26). Thai
gian quédt =6 la:

. . Ion-d

Ta=T, ('1_;')

trong dd L.* 1a vung cd cuc tri toan bo.

. 1 . . . .
Khi viung cuc tri 1a nhitng dinh nhon (f <= 1) thi thdi gian tim sé giam

nhigu. Chu y la % __
phuong phap /
gradién lién tuc cd
kha nang tim cue
tri trong trudng
hogp mat cue tri g
hinh mang, hinh
¥én ngua ma
phuong phap bude
khéng khac phuce
dude.

Cde hé cue trj
ding tin hiéu phu
dé tim ché do toi

uu, not chung la
ddan gidn trong thuc

Hirh 3-286.
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hién, nhung théi gian {im cye tri tudng doéi lau, Hon nia, khi bar ‘:an dac
vinh cue tri "tréi" nhanh tnhu & hé khoan tham do, khi su thay d8i d6 ran
clia ddt di qud nhanh? han 1a tde do tim thi sé khong tim duge ché do t6i uu,

Nguoi ta thutng kit hgp voi phuong phdap giai tich d€ ning cao chat
lugng cta hé thich nghi loai nay.

Ni.2.4 DONG HOC HE CUC TRI

i1.2.4.1. Phwong phap khao sat dong hoc hé cuc tri

O hé cye tri ding tin hiéu phuy, trong qua trinh lam viée luén ¢ dao cong
quanh cue tri, déi khi cd dang phic tap. Dao dong dy co th& la ty dao dong
hay dao daong cuiing buic. Dao dong cung cdp cho hé théng tin tdic vé vi tri
lam viée cua ng daéi voi cuc tri. Chénh léch se vdi cve tri do dao déng gay nén
& ché do6 xac lap goi la fdn that im.

Heé cuc tri la hé phi tuyén. Dai véi nhing hé nay, cé thé dung cac phuong
phap khao sit déng hoc cac hé phi tuyén ndi chung, nhu phudang phap mat
phang pha hay phuogng phap tuyén tinh hda digu hoa.

Trong mot s6 trudng hop, khau phi tuyén tinh cta déi tugng ciing véi cd
cdu xac dinh gradién néi ti€p nhau, bu trit nhau va hé cue tri tuong dudng
viii mat hé tuyén tinh. .

Vi du, khi dac tinh tinh y(x) cia d8i tugng cé dang:

“

y = bx
Co edu xdc dinh gradién cd chic nang xac dinh:

d
A S
dx

Nhu vay tuong dudng vdi hai khau nay 1a mot khau tuyén tinh cd hé sé
khuéch dai bang 2b nhu trén h.3-27a va b,

Trong thuc té& & trang thai xac lap, hé lam viéc & vung cdc tri nén cd
thé xap xi dac tinh tinh y{x) ving gin cdc tri bAng ham bac hai nén gia thiét
trén la co co sd.

Dac diém quan trong nita 12 trong viung cyc trj tan s cta tin hiéu ra
yit) gép dbi thn sd cua tin hiéu tim d dau vao. Do dd khi dung phudang phap
tuyén tinh hda didu hoa dé khao sat, can quy d6i géc léch pha theo quy tac:
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Pl = 2p (;l) (3-13)

Vi rang, nhu & h.3-28, gdc léch pha cia dao déng cd tin s§ % d6i véi dao
doéng cd tan s6 w la iwilus) =3 ; con ngude lai khi tinh gdc cia w so vai Ei,,’ ta

dung bidu thiic:

b T Y o
({)(%J- ) =% E 44 4 z
dx

Gde léch pha cha cdc dao dong co

tan 6 la béi sé cia nhau duge xac a)
dinh bang khodng cich gan nhat dy
cua hai dao dong cung chiéu nhu z . dx
. - 26
h.3-28.
Nhu dia néu ¢ phan dau caa b)

chudng nay, do tdc ddng cia nhiéy
ngau nhién ma dac tinh eye tri cua

ddi tugng co thé thay dei. Vi vay Hinh 3-27.
can khao sat hé thong khi cd

tde dong cia nhidu ngiu R
nhién, xdac dinh thong s6¢ va ¢ w

ciu tric cia thist hj digu
khién d& hé théng luon lam /

viée & ché d6 téi vu, :
_ ) —_ ¢ ¥

Nhiéu cd thé tac dong &

dau vao hay dau ra cua dsi

tugng. Nhifdu dau vao lam tréi :

dac tinh cyc tri. Nhidu dau ra

lam cho chuyén dong c6 thé Hinh 3-28.
lac hudng hay giam d6 chinh xdc digu khién.

i1.2.4.2. Vi dy khao sat hé cuc tri

Vi du I. Ung dung phuong phip miit phing pha
Hay khao sat hé cuc tri gom cg:

Déi tugng dieu khién:

y = K8 (3-14)
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ds
T

| + 5 =v. (3-1h

dt

Co cau chap hanh B —
P T, 5+ 1

dv
— = K.Z (3-16)
dt -

Cu  cau xdc dinh

gradién tdang tdng qusat)

dy o
Z = e (a-;) 13-17

y(24)

d5

Gradién co thé xac

Hinh 3-23.
dinh theo quy luat ty lé

iquy luat tuyén tinh) hoac quy luat role (phi tuyén tinh):

dy
v |as
(dS) N o dy,

Tu cac phuong trinh 13- 14)+(3-17):

d°8 ds dy. af
T

Tqe O de as)
(3-18

Ta khao sat hé trén voi ca

N

(3-17a)

{3-17b)

hai trugng hgp bang phuong
phap mat phang pha vai hé toa
do S va dS/dt.

+ 0 = Ky (—
)
@

e. Treeirng hop tuyén tinh

dy dy .
v(3s) = a5 = - S

(3-19
Tu phuong trinh (3-18) va (3-19):

+— + 2KK,S = 0.

T dt? dt

116

Hinh 3-30.
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Quy dao pha ed dang nhu & h.3-30.
Néu K K, bé thi qua trinh mang tinh chat
khong chu ky tduong 11, Khi K\K, ldn,
chuyén déng mang tinh chit dao dong
iduding 2.

o e
%

b. Tririrng hap phi tuvén tinh

/’Qh_

dy ly,
q-(ﬁ) = sign (] (3-21
= sigh(2K 5} = signS.
Phueng trinh (3-18) ¢6 dang: Hinh 3-31.
a°s ds _ N
T+ o+ KisignS = 0 13-22)
dt- dt

Quy dao pha cd dang nhu trén h.3-31. Qua trinh luén 1a qua trinh dao
dong.

Ca hai trudmg hgp trén déu din dén trang thdi can bang & cuc tri.
VY du 2

Hay khao s41 ché dé ty dao dong cha hé cuc tri ¢d ed cdu ghi nhé cuc
tri. Trén h.3-32, doi tugng didu khign gom cd phan phi tuyén tinh ¢ dac tinh
cye tri S(v ) va phan tuyén tinh vdi ham tuyén W,(5). Ca cdu do chénh léch
cwe tei cung trigo 1A mat khau phi tuyén tink, xdc dinh hudng chuyé&n daong
theo tin hiéu xu .

O diém cuc tri, tan s6 cua tin hiéu vao dude nhan déi, do do trén h.3-32
co thé xem phan phia trai lam viée vdi tan s6 co ban, eon nita phia phiai cd
tan sé gdp déi. Cac gée dich pha dvge tinh theo quy tdc (3-13). Cac tin hiéu
S va y d niia phia phdi c6 ca thanh phan mét chigu va xoay chigu. Cde thanh
phan tuydn tinh déng thai lam nhiém vu loe va tin hiéu & dau ra cua ching
la:

v

~ W(Jo |W(| ;|eh“1aJu__ 13-23
y. = W8 | = IWz(jw)| elr2i®) g £3-24)

Trong do p| va p, 14 cic goc léch pha phu thuée tan sé /2 va .

Phuong trinh cia cac phan ti phi tuyén tinh nhu sau:
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S = - Kv* (3-25;
u = - Ksign(y_ - x), (3-26)
d day: x = a, + x, = const, duge xac dinh bdi ngudng tac dong cia khda

den K ¢ h.3-23. Déi v6i cdc khau phi tuyén tinh, dung phuong phdp tuyén
tinh hda (idu hoéa. '

“% ! w
Lo 1| T
v, | § o
5=
a WU T l ; \ N 5 | W (Jw) [y
{
|
|
| [4
—1 -
pocr -

|
[

Hinh 3-32,

Vdi tin hidu vao:
v_. = a;sin % t
O dau ra caa khau phi tuyén cd dae tinh cue tri:
S=-Kv’=- Kajsin® Zt=- Kai(L. L
= - Kv_“ = - alsln2~- ! 2-2coswt),
Kaf
trong dd thanh phan mat chidu duge xac dinh bdi S_ = - > con thanh
a2 :
phin xoay chigu S_ = ]{? coswt.

Sdng bac mot qua khau phi tuyén thd nhat:
Kaf
, a
Sl___ = 3 sinfwt + 5),

Hé s6 tuyén tinh hoa dieu hoa, phu thude vao bién do a, la:
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Ka, 2 j v
W’I,,].(;il) = —2—9' 2 {3-2T
Tin hiéu uit) cd dang chit
nhat vai bién do K, nén he s
tuyén tinh hda diéu héa ctia ng
ung vdi khau role 2 vi tri:

WI_,vi'(aa) = _L.Ii(.rej{-'_r el =
- Ta,

13-28)

Gde « phu thuée bién do a,
dugc xac dinh theo h.3-33¢ nhu
HAW:

a,sine = x

2!
ma X, = X - Aa,
. X - a,
nén sinee = =
i,
o . X - A, Hinh 3-323
hay «xlay) = arcsin = ’
A,

Cac biu thuc (3-23), (3-24), (3-27) va (3-28) cho phép vé so db cau tric
cua hé da tuydn tinh hda nhu & h.3-34. ¢ day cac goe dich pha da duge quy
dai vé tan s6 w Ung vai quy tac (3-13).

Théong s6 chua bigt duge la w, a
dsi vé mot bien da.

Lid a2, Ka, ~
(2 ] _‘_i-_‘ W _ 1 (. | s jin (r’u)
L Frlay) = e P Wolim) | ez

;@ Via, a, cd lién quan nhau, ta quy

awr a,
[7—rr 2
Werlaz) g )
2
Hinh 3-34,
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That vay. theo h.3-34, bién do a, duge tinh béi:

. — Cey rogs W 4:[(' e
.-ll = I\VFTLHZ} | |“1{_]§) |32 = T |WI(J 7) | .
Ka, 2K K, wo

S = S W e

Tu do \V]_.E.(alj =
Diéw kien dé cd dao dong on dinh ia:

| Wi 5] e NG Wi tap | Wole) | o727 Wialay) = -1
Thay th& W . {a) vio phuong trinh trén:

2}{ KI' . R . ) T .
S WG T R @ T (W) | 720 =

1
W, {a,)

Né&u dung dac tinh tén s6 tuong dudng:

2K K. o x
Wl = — Wi E) Wl ju) e 7
thi diéu kién can bang diéu
hiha la:
. i
Wt = -

Wep(ay)

D& xac dinh tan s6 va

hién do tu dao dong ta dung

phaong phiap da thi nhu 4
h.3-35 Giao didm cua hai

dudng cong cho ta thong sd

i va a,® ean tim ta," va a,”
lien quan nhau va da o hi€u Hinh 3.35.

thire quy déi trén).

Vi du 3

Hay xac dinh hang =6 thoi gian toi vu cua bd loc trong co ciau tach song
dong ba. Hé cue tri néu d h.3-36a od dac tinh:

1 1]
_Y = 2{){ _ f]:J'_. {.3—29‘?
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Nhitu f, la ngau nhién ¢d ham tudng quan:
R, (1) = R0 17 i3-30)
Nhiéu f, 14 6n trang ¢ mat do phé:

: S” khi ¢ > w, _
Sytw) = - (3-31)

0 khi w = W,
Co cdu tach song dong bo o bd loc L véi ham truyén dat:

1
W, ipl = ——8
| T T
Hang 36 th#i gian T cang 1dn, nhiéu f, duge loc cang t6t va sai lech do
f. gy nén cang bé
nhung mat khic
qua trinh bam cyc

trt ma £ lam troi

dac  tinh cang U,

Yy x
cvham va sai léch PS 2;

do f, gay nén lai

cang lén. Do do
ho loc L co hang

=0 thai gian 161 du

can tim. So da

ciu trdc nhu &
h.i3- 36h. bai
tugng diéu khién

vii dac tinh yix) a)

vit b nhan cua co
ciu  tach sdng £{s) Ef(s)

dong ba (TSDB —y -
duge  thay thé X(s) CH
hiing khau tuyén

~

—

Fis)

tinh c¢d dac tinh =

3 P+ sT
b}

dy:dx = ), - x va

thé hién trén so

do khoi bang cd Hinh 3-36.



cfu so sdanh (xem [1.24.1). Bo loc la khau quan tinh anh hudng dén qua trinh
déng hoc va so do khang cd gi thay d6i. Co céu chdp hanh (CH) 1a khau vi
phan ly tudng. Nhiéu f, da duge quy d8i thanh:

flt)y = 10X sinw t,

vi ¢d bd nhan trude khi tin hiéu vao bo loc. Nhidu fit) vin 1a 8n tring, chi
¢d mat do phé ty 1& vai binh phudng cua bién do tin hiéu tua:
X |
S.lw) = 75“, khi v > W, (3-32)

¥

vaéi diéu kién o < w, Thanh phin 50 biéu thuc (3-32) thé hién sy thay
d6i cia mat do phé cia fy khi nhan vdi tin hiéu tya X sinw t 8 cd cdu tach
song dong bo.

Do anh hudng cua nhiéu ma sai léch so véi cuc tri e = f, - x mang tinh
chdt ngdu nhién, va ta cd thé dung dé tan 05 Jam chi tieu chdt luong d€ khao
sat.

Vai gia thiét cdc nhiéu f|, f, khang lién quan nhau, va 49 tan cia sai léch
gbm 2 thanh phan:

a

JIT) = (rfj = LT‘E + ¢

[

; {3-33)
G day 013 - d6 tan do f| gdy nén hién tugng tréi dae tinh cuc trj va og - do
tan do f,.

Do tan o7 duge xac dinh bdi dac tinh théng ké cia nhiéu f, va ham truyén

Wiis) = U8 oo bidu thice
1 S = Fl(‘)) a0 211 T [N

g% = -—f lwlljw} |: Sllw!dw, (3-34)
ST

trong dd, theo h.3-36h:

jrtl + 3o
W w) = —— ‘ (3-35)
Jorll + 3Ty 4+ 1

va theo (3-30) ta xac dinh:

2R (M«
Sila) = ———9— . t3-36)
a© + w”



Thay thé (3-35), (3-36) vao biéu thic (3-34) ta cd:

\ 2R|(OJ(I " Wil + UJ':T':)
U‘I'(_T] =

dew;
. hl k] hl . £
b4 0 [t1 - T )3 + W] (@ + w=)

o110) = R,(0) ; KhiT =0,

1 +
o) = RUONT + liw; Khi T - w.

Dac tinh o7(T) nhu duong cong 1 & h.3-37. Cing tudng tu nhu trén ta
tae dinh o'%('l‘}:

o5 = — [ |W,ijw) | S, (wide (3-37)
- F T - -
‘ Etjes) 1
ma W, llw) = _ =
- Fjes) Jwll + juT) + 1

vt S,{w) duge xdc dinh theo (3-32), tir do:

2 Xi‘l Sn p l
as\T) = 3 5 de,
- 2_TT tu: 7] T + w (1 - 2T) + ].
, X2 8
as iy x MO ; ] 6”:
: 4
Khl T :0, (.r}‘:{< ]., R?(O)
o3(e@) = 0; .
S Xm
Khi T » o, 4
Bac tinh a%(_T)
duge bidu thi bang
dudng cong 2 trén
h.3-37.
R(o)ﬁ
B tan cda saj léch Tt
7> 14 téng cta 2 thanh

phan. Cong do thi 2
thanh phan theo hai

Hinh 3-37.
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duirmng cong 1 va 2 ta cd, dudng 3 tuong ung voi o2 Hang 6 thin gian toi uu
cta bo loe xae dinh theo cue tiéu cna duang 3 hay theo
der”

didu kién: g7 = 0.

n.2.5. MOT VAI UNG DUNG HE CUC TR!

I11.2.5.1. Hé cuc tri digu khién Rada [21]

Nhu ¢ vi du 1| tmuc TiL2.D cuong do y cua rada theo goc ta x; va
gie phuong vi x, co cye tr la eue dai khi dat cac thong so téi vu y  AX] .
x5 nhu & h.3-38. ’

Vi tr cua goe ta va goco
phuong vi duge diéu khién bai
hai déng co M, va M, wong
ing. O mai kénh déu ed phan hi
cue bo dudge thue hién bang ciau
toe do v bo loe cao tan (€ va
Lye Cpa vt Ly nhu o h.3-39.
To hop phat va thu P-T coa rada

la ba gidi dicuw keép ¢d chde nang

nhu mat la-ban vo tuyén.
R giai dicu duge tuyén tinh Hink 3-38.
hdia bang cach eong thém vao sai

lech goe . mot

saj léch gée phu
dang hinh sin
vidi  bhién 4o
khong déi. tan
=0 30Hz. dude
thuc hién bang
dong cd od too
dn 1800 vgiph

quiay anten

gquanh truc
th.3-38)1 Tan =0

gquet nay ral lan

Hinh 3-39.
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%0 vdi gidl thong tan cia bé thong thé hon 2 Hzi. Déng cd nay dong thoi quay
mét may phat tao nén hai dieén ap tua cho hai kénh. Hai dion ap Vg va v,
nay dudge chon sao so ching bang khong khi sai 1éch vé gée ta va goc phudng
vi bang khong nhu h.3-40. Tin hi¢u di diéu bién vdi tan =& quét 30 Hz duge
qua bo tach sdng va loe (TS-1.. Dién dp ra V la dién ap xoay chibu tan =6
30 Hz duoce digu bién, xac dinh bdi sai léch gde ¢, Bien dé eia V ty 1¢ vai tri
s0 tuyét doi cda sai léch gde ¢ va pha, tuy thuge vao dinh hudng caa gde sai
lech trong khang gian. Dién ap nay dude so sanh vai dién ap tua ¢ bé hoan
dicu pha (IID} d& ¢6 hal dién ap ty 16 vdi hai thanh phan saj léch va qoe 14
vt gde phuong vi V vi V., Chie nang co cdu nay 1a co ciu tach sdng dong
hé v ba loc .y va Ly & hinh 3-40a Co cdu chuyén déi thuye hién chite nang
cua bod nhan. thue t€ 1a co edu chuyén ddi dién tit (duge thé hién bang 2 role
de dé higw duge diéu khidn bai dien ap tua tit may phat oo dong cd kéo cung

quay truc anten d& tao tin hiéu tim cung tan s d dau vao.

Hinh 3-40.

0> mai kénh, phan hoi cuc by 13 phan hai tée do duge trom vao nguén kich
tu cua may dién khuéch dai tuong ding con phan hoi chinh 1a phan hai vé goe
dude so sanh véi vi trl thue ca muc tiéu trong khéng gian theo toa dé cia

arie ta va goc phudng vi



IH.2.5.2. Hé cuc tri duy tri nhiét dé cuc dai [10]

Trony s4n xudt ¢d nhitng d6i tugng can giir cho nhiét dé cac nhdt ahu 1o
luyén kim, vi du 2 tmue I11.2.1), guong mat trisi tmue 111.1.1). S0 db nguyén
Iy cta heé cue tri digu khi€n nhiét do nhy 6 h.3-41. Chd y rang nguyén 1y noi
chung khéng thay doi trong khi cac phan ti dé thue hién ngay cang dudc
hoan thién hon.

Biét rang nhiét do ngon lia thy thude vao ty 1é nhieén liéu - khong khi,
ma ty & Ay vdi cdc nhién liéu khdc nhau la khdac nhau. Hé sé xdc dinh lugng
khong khi luon t8i wu bing cdch thay déi téc do quat. Viéc tim ché dé téi wu
duge thue hién theo timg chu ky boi déng ho H va may phat xung FX lam
cho bo tim bude TB quay, voi toc dod cham. Tiép difm dau tién cda bo tim
bude sé ddng role R, sau dd, role R dé chinh dinh téc do quat cd tri s6 nhat
dinh. Bong thei co cdu nhé N, ghi lai nhiét do 16 véi tde do quat tuong ung.

Hinh 3-41.
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Khi bd tim budc quay, role R, & co cau ghi nhg N, ghi lai nhiét dd & ché&
do khdc cha téc do (tiép difm 2 cuaa R, thay déi dong kich ti cia dong co
quay quat DC). Cu thé qua trinh tiép dién va lap lai. O h.3-41 chi thé hién
3 mudc chink dinh, thuc t& c6 thé nhidu hon.

Phan tu logic Lg s€ 30 sanh cdc nhiét d6 da duge ghi nha (dusi dang dién
Ap} d cac od cdu ghi nhd N va chon vi tri ¢d nhist do cao nhdt. Viéc Ay duac
thyc hién ngay sau khi bd tim bude da quay dude mot vong va ¢d cdu logic
xac dinh ngay ché do t6i vu cta quat gig.

Sau mét thoi gian dinh truée trén dong hd H, chu ky tim cyc tri lap lai
nhu trude.

11.2.6.3. Hé cuc tri duy tri nang sudt cuc dai cua lo chung cét
nuwgec ngot [21)

Heé chung cdt nude ngot cd nang sudt cve dai duge mé ta & h.3-42.

Nang suit ¢ day duge danh gia gian tiép bdi ho 56 £ la ty 88 ena luu
lugng cha dong hoi q va chénh léch nhiét d¢ giga hai diém, trong ong dan
dung dich can chung cdt At. Hé s6 p thay déi tuy muc dung dich H trong cac
éng dan, nhung quan hé nay con phu thude vao nhiéu thong s6 khdc nhv néng

1 g .

Hal nuoe

TACH 30NG

ponG 86




da cda dung dich luu lugng dung dich, nhiét do va luu luong cua hoi nude
v.v... nhu & h.3-43.

O h.3-42 néu mot phudng phap duy 1ri nang sudt cao cia 1b chung bang
phuong phap tdach song dong ba. Mic H c¢ta dung dich duge do vA quan sat
hang mot dng thiy tinh song song véi cac éng thuy tinh trong 1o chung. Mot
bo diéu chinh digu khign luu lugng eta dung dich nuwde qua 6 dau vao { nham
it cho mue H cua dung dich trong cdae ong chia trong 10 chung khong thay
461, Mue chuan dudge thay ddi bang mot dong co DO

D& tao nén giao dong tim, mot dong 1?

co con d quay cd eda cam ¢ d€ tac nén 5 I l
dao dong cna luu Wgng Q & dau vao, dong _ o, \ ! i

s . . . e 4 - ) I I
thai mot dao dang dién dap thang qua bién ! 5 I

o, oj\{i"gcuéng'
ied BT vao ed cdu tach song dong ba va 3

| VA 7 -
d dau ra, role R lam cho dong cd ¢o 2 cudn o) /\M"é :

. 2 1p o :
kich thich =6 lam cho H cg dao dong oH. / G | 65T

Nhu @ h.3-13 tay thude pha ciaa "tin hién 1 t7 ? P <
" @ so val dao dong quét d dau vao ma . | \ ______ B N L
ba tach song dong bd danh gia va xac dinh I3 2/3 4 H

hudng chuyén dong caa dong og DO dong
thti bd diéu chinh thayv d8i mue dung dich Hink 3-43.

d¢ nang suidt p ludm cue dai.

I.3. HE GIA!I TICH

Phuong phap giai tich dé tédng hop cac hé thich nghi duge phat frién cham
han vé mat thoi gian nhung vdi téc dé nhanh chong. Mac di viée thuc hién
¢t phuce tap ﬁhtrng viee dua may tinh ngay cang hoan thién vao diéu khién
cac d6i tuong, cdc qua trinh sin xudt sé gop phan khac phuc nhuge diém
trén. Tuy vay, do chi tidu chdt lugng 1A ngudi thiét ké ap dat va kha nang
hai tu cua angorit trong digu kién lugng thong tin ban dau thigu, con tiép tuc
dat ra nhitng van dé can giai gquyét.

Trong cac hé gidi tich ndi chung ¢ ba qud trinh: tim hi¢u, téng hgp va
thuc hién. Trong qua trinh tim hi€u, hé thong cd thé xdc dinh nhing khoi
lugng tin tic khac nhau vé qua trinh diéu khi€n: ham qua dd, ham trong
lugng, dac tinh tan bién pha v.v... cé thé cho thong tin day dd vé cac déi
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tuonhg tuyén tinh. Trong thyc t€, dé xay dung hé théng, dai khi chi can mot
chi tiéu nao diy nhu hé s6 khuéch dai, hé 6 suy giam, muc dé 8n dinh, tan
=0 dao dong riéng, sai =4 tinh, vi tri phian bdé nghiém s6 v.v. .

Theo nguyén tac xay dung, hé gili tich duge phan loai nhu sau:

1. 1I¢ thich nght dung tin tic vé cdc dac tinh tan s6. Trong cac hé nay
cac dac tinh tan bién pha duge do va trén ca s6 ay chinh dinh thong s6 cia
cd cdu diéu khién. Thuoc loai nay con cd ciac hé ty dao déng ma hé s6 khuéch
dai cda phan tU phi tuyén bién dai tay theo bieén do tu dao déng.

2- I1e thich nghi dung tin (e vé dac tinh thai gian. Trong cac hé nay
chi tiéu chat luong cd thé 1a 36 lan dao dong cia qua trinh qua do hay ty =6
cla tong cac tri 86 duong va 4m cda ham trong lugng gian doan Thude loai
- nay cén ¢ cdc hé dung mo hinh mau dé so sanh.

3- Hé thich nghi dung tin tic vé qua trinh d bién gidi an dinh.

Trong ciac hé nay, mach phan hoi lam tang dan hé s6 khuéch dai cho
dén luc cd tu dao dong, sau dd mat mach phu lam giam nhanh hé s6 khuéch
dai. ty dao dong mat di. Qua trinh it thé lap lai.

4. & thich nghi tong hdp theo phuong phap gradien. Trong cdac hé nay,
chi tieu chat lugng duge danh gia theo cue tidu cia sai léch gita dai lugng
duge digu khién va tri s mong muén, la lugng chinh dinh dudge xdac dinh trén
cd s& gradién cha ham chénh léeh &y, Thudce loai nay con ¢d che hé xay dung
theo phudng phap nhay cam.

5. Hé thich nghi téng hop theo phusng phap Lyapunov. Ham Lyapunov
duge hinh thanh gita thong sé chinh dinh véi tri sd t6i vu cua ching va dao
ham cua chénh léch. Bau dd tir diéu kién dao ham cda ham Lyapunov am ma
xac dinh lugng chinh dinh théng s6.

Bén loal ddu cd nhung diém gidng nhau, do dé duge téng hop lai thanh
phuong phap udge lugng va theo [23), cac hé gidi tich duge chia lam hai lap:

- Cdce hé giai tich tong hap theo phuong phap uéce lugng va

- Cde heé gidi tich tang hgp theo phuasng phap Lyapunov,

Dudi diay sé néu hai vi du tdng hgp hé thich nghi giai tich theo hai lap
niay.
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i1.3.1. HE GIAI TICH XAY DUNG THEQ PHUONG PHAP TOAN TU PHU

N.3.1.1. Trugng hop ddi tuwong xdc dinh

Tréen h.3-44
la s0 d& khdi caa
hé digu chinh

thong thuang ma
doi tuogng da duge
biét day du vé cau
tric va thong sé.
Ba digu chinh co
veée td thang sG «

G (s,00)

i

G(s,A)

. am— ]

Hinh 3-4a,

can ty chinh dinh sao cho hé luén lam viéc t&i uu theo mot nghia nao dd. Chi
tidu chat lugng thudng !4 ham eua sai léch:

Hay cu thé hon,

Tadéng 50 cua bo

(Z‘-I.

(‘{!

dler) = fle)
haj dang thudng dung la:
.y
e
dich = fle) = ) 2
|e].

diéu chinh:
[T‘n, T,. T,], nhu ¢ bang 2.

= [Ktin" ITi’ Td]‘

{3-38)

(3-39)

Néu ehi tiéu chat lugng (3-39) ¢ cyc tri {eue ti€u) thi ta cd thé co angorit

thich nghi nhu sau:
dex
Y
dt de
Thue vay vi:

d'J-

O diem A
hex
d('r
dt
thoi gian, « tang.
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ta

b Tl )
(3-40)
A 8
|
t !
< 0, do d4: |} C F
| T [
| 1
| | |
> 0 va theo ! Lot |
qA—-- ———
Hinh 3-a5.



dd

Odiem B — > 0 do do:
d(‘f
dc': N
e < 0 v theo thdl gian « giam
t
. s d-I dﬂ .
O diem ¢ —— = 0, =0, a.=a" = const
det di

O angorit (3-40) c6 thé lay tri s6 y = const. Chi tiéu chat tugng (3-38)
phu thuoc sai lach e ma sai léch lai phu thuoe thong $6 « nén angorit (3-40}
co dang

dex e e
—— g (3-41)
dt. e fhex

Theo g0 do h.3-44, ta cd thé viét:

e =X - ¥
e X il Y
dex fex %

x la tin hiéu vao, @ thay d8i khéng lam thay déi x, do dd (3-41) ¢ dang:
dex o '}
¢ - t Y ) (3-42)
dt e thee

Cing theo sg dé h.3-44:
¥(s) = E(s) G5, @) G(s, ),

Hy a:‘ 8.
L Gus. 0 Gis, p X s ais, ) B0
ey da Sa
Y L 1+ Gus @ Gs. B Gis, gy D) (3-43)
fex R o
Thay th& (3-43) vao (3-42) ta cd:
dex of .
=y —0G (s, a, fe (3-44)
dt e
" _y 8G_(s.
ma G, a.p=11+GUs, a)Gs, B! —-—*];_;S @) G(s. B 113-45)
a
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Sd do thuc hién
angodrit (3.44) cho
trén h.3-46. Gip, o, B)
la toan tu phu tix dd
cg tén cua phuong
rhap nay. Trong
toAn ti phu co thong
20 f la véc to thong
s0 cda déi tugng da
hi€t. Vée to thong sé
« la véc td théong sé
cua bo dieu chinh
nén c¢d mai lién hé
gita o d bdé didu
chinh va « & toan ti
phu G. Thue t& cho
thdy, dé don gian
hoa ma hinh [15] cé
thd ¢6 dinh hda
thong s6 « ma
angorit vin hoi tu.

Bs digu chinh
trong trudng hgp
nay la bo didu chinh
thich  nghi. Trén
h.3-47 la sa do
nguyén ly cua mot bo
digu chinh PI dién tiu

t

G’(S; dzﬁ) 1(::

df Y
de e
‘ o hL—_’*—“;
x A
e G'C (5,“) ¥, = G(S,ﬂ)
{(—)
Hinh 3-a8,
Uw' Un
= —
T{)f (7,)

Hinh 3-a7.

lién tuc voi ham truyén:

(T,s, ;)
G_ s = T'I—+]
‘ 5 T
ma
Tn-= " ClenUvn’
Ti = 1.:nCKrnlUvi’
K. va K . 1a hé sé& cdia cic bd nha...

mn i
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Tin hiéu dua vao 1a dién ap U, va U, cho nén khi dung bé didu chinh
iién tue, angdrit ¢6 thé duge thue hién trén may tinh, théng qua cdc bo bién
d6i AD va DA hay céc linh kién dién ti. B$ digu chinh thich nghi s6 DR-24
‘Siemens Company) ¢6 phian mém lap trinh theo PLC.

.3.1.2. Truéng hop d6i tuong chua xac dinh

Khi théng sé cta d6i tugng fas
chua biét hay thay déi, hoac ngay ca

G,y (s, 1) .

cdu trie cua d8i tugng chua xac
dinh, can thuc hién viéc nhan dang
déi tugng. Bang phudng phap ding
md hinh song song, ¢6 cdu tric cho

trude G (s, 1), véc to thong s6 cua

a2

. , A
mo hinh 4 sé duge chinh dinh theo
phudng phap giai tich nhu trén. Chj d"/dg
tiéu chat lugng nhan dang duoge N 6. s 2) Y ]
dénh gia theo: 1 L L
S
J(A) = ple) = 2| | (3-486)
£ p G(s,B) P
vOi ¢ =y - y_ la sai lech giita tin
hiéu ra cta ddi tugng y va tin hiéu
ra cda moé hinh y_. Hinh 3-as.
Angérit thich nghi ¢ dang:
di dJ dp e
—_— = - —— = -y — (3-4T)
dt dd de o
Theo h.3-48:
e ay .,
s o]
Yolsr = uls) G (s, A),
Y aG (s, A)
—_ = - u.
i 27|
Cudi ciing angérit (3.47) ¢d dang:
dd dp oG (s, 1)
ot Al S (3-48)
dt de oA
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Sd do thue hién angdrit (3-48) nhu 6 h.3-48. Khi déi tugng chua xdce dinh
thi todn tit phu (3-45), thay vi md hinh  G(s, §) ta dung mé hinh G (5, 4.
Khi k&t hop nhan dang vdi didu khién t(hé thich nghi gian tiép [21]} so db
khai duge xay dung trén oo 56 ghép noi so do trén h.3-46 va 47, trong dd con
co mai lién hé gida vectos 1 va toan td phu GES, c, At theo (3-45).

11.3.1.3. Vi du

Phudng phdp toan t phu duge ap dung 4@ mo hinh hda mdt qua trinh
nhan dang ma déi tugng }a mét khau quan tinh:

|
S =
G(s) 1+
va mo hinh ¢d cung cdu trac:
_ K
'Gm[S'J = —
1 + Ts

Nhu vay théng sd toi uu c¢d thé dude danh gia trude dé so sanh ia
K= 1,T* = 1. )

Trén h.3-49 cd cdc dudng cong y(t), y (t3, Kit) va T(t). Tin hiéu vao
uitt th.3-48) dang chit nhat, sau mot lan do6i ddu va gud trinh nhan dang

|
|
|
' =
|
[13% | | | L9t

Hinh 3-48.
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Hinh 3-50

T' = 1 v&i tri s6 ban ddu cta K = K, = 2. O hinh 3-50 ¢6 quy dao bi¢n déi
cua K, T v6i nhitng diéu kién dau K, khdc nhau. Tat cd déu hoi ty vé tri 0
tivu K =T =1 & gdc toa do.

k&t thiic, nghia 1a cdc thoéng 6 K, T ctia md hinh di bing tri 56 16i vu K =

Chi ti¢u chat lugng duge chon la:

1 7
JIKT)y= —¢
(K.T) 5

vi do _ £ d bidu thac (3-47)
de

Angorit thich nghi tucng Ung vai (3-48) trong trudng hop cu thé nay la:
B e
d T \
dT Ks (3-49)
—— = JhE———— U
dt (Ts+1)”

Bay gitr diing doi tugng nhan dang 14 mot khav bac hai:
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G(s) = —
$+s+1
vh mo6 hinh ¢6 ciing cdu tric:
s"+28+1

Nhu vay thong s6 t6i wu cé thé duge ddnh gid trude dé so sdnh 1a: K™ = 1
vi £ =0,5 (hay 2& = 1).

Trén hinh 3-51 ciing ¢é cac dudng cong y(1), y,(1), K(t) va 240 vaéi
diéu kien ddu K, = 2&, = 4. Sau mot thoi gian, qud trinh nhan dang két thic

4 hol ty & trang thai 181 vu.

i T T T T T T I T
TUTSIM

:/\‘:fm (K=t ,%=1) :

Yy

-
o S Sl L = -
2 {0 126 130 {40 |5 169 lvo &0 o0 F

Hinh 3-51

O hinh 3-52, trén mat phing (K, &), véi ba diéu kién dau khic nhau, quy
Cao bign: doi cha K, &ciing déu hoi tu vé gid tritdivu (K =1, & = 1).

Chi ¥ rang & hinh 3-52, trang théi t6i uu tuong tng véi ba diéu kién dau
khic nhau, con O hinh 3-50 chi c6 thé thay déi duge diéu kién ddu cia K. Diéu
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Ay tugng tng voi do d6c khdc nhau clia mat cuc tri: o trudng hop thit nhit, do
doc cha J(T) khong ddng ké nhu & hinh 6-66b (Quyén 1), diéu kién diu chi
thay déi duge véi K, con trudng hgp thit hai, do doc cla mit cuc tri thay doi
theo ca hai théng s6 K va £ nhu & hinh 6-67b nén qud trinh hoi t véi moi

diém trén mat phang thong s6 (vi du nhu diém ¢ & hinh 3-52),

T ] ’i// T T T T T
K .
B o s S TUTSIM |
£ c .
4
@ (44)
L3 ¢ 4
e Q —
¢
3
2 c 4
1 ¢ =
¥ (47
o ] d ; 12 _ L 3 | 4 _ 4
Hinh 3-52

11.3.2. HE GIAI TiCH XAY DUNG THEO LUAT MIT

Luat MIT 1a budc ddu tiém can véi diéu khién thich nghi theo mo hinh
méu. Tén clia né xudt phdt tir phong thi nghiém thi€t bi (Instrumentation
Laboratory) tai MIT.

Chi tieu chat luong doi vdi thong s6 1a cuc tiéu cha binh phuong sai léch:

36 = %(ez)

Théng s6 s& thay déi theo hurdng ngiroge véi gradién cha J. Angorit thich
nghi cé dang:
dé _ dJ ce

N . 350
a . Tae T "o (350
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ViduI:

Mo hinh miu co davg K, G s).cdn quéd trinh KG(s) v6i ¢ 12 thong s6
chua bigt ma bo diéu chinh P cdn chinh dinh dé sao cho K# luon bing K
nhir s d6 khéi ¢ hinh 3-53.

61

Sai léch cha hé:

e=y—vy,=KGE)n, - K G, {s),,

. . . 2 . . N 4
Theo angérit trén can xic dinh thanh €

phén:
62 = KG(s)u, = K—Uym
do do: Hinh 3-53
% - _-,,rkfi Yl = =Py (3-51)
véi Y= Y'KL

Mo hinh mau 1a khau quin tinh vdi K, = 1 nén:
G(s) = G (8) = ——
s+1
So do thue hién duge md phong theo Simulink nhur & hinh 3-54 vi cdce
duong cong ¥, (1), y(t) ciing nhu &1) (hinh 3-55). Qud trinh thich nghi k&t
thic nhanh chéng va hé s thich nghi dugce tinh bang 0,5.

=

T

|

fom ST :

“ U [ 13| - i

Sin Wavel Traneler Fons I
D5 X ..1_

¢
¥

Irtegralor! Gaind  Produstd

1
a+1
Produe  Transter Fond

B
S—E
-

Scope!

P

r Yy
x
e

y

s
T

Hinh 3-54 Hinh 3-55
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Xac dinh hé s6' thich nghi

Tur cdc phuong trinh di néu trén ta rit ra:
déa

:E-+}ym[KGu)&%]= wi (3-52)

Bay gi¢ gia thiét & ¢4 dinh (cét mach thich nghi), san dé dua [1’1\1 hiéu
VAo u,.
Mach thich nghi lam viéc va cdc tin hi¢u 11én dén trang thai xdc lap.
Hanh trang cia thong s8 ¢6 thé xdc dinh bdi phuong trinh:
dé (

I + wj;ui_](KG(S)g) = }"(y:*n}z

On dinh cua hé duge xdc dinh boi:
s+y 0 ulKG(s) =0 (3-53)

va hanh trang cua thong s6 duoe dinh doat bdi dai lueng:

pi=pymu K
Vi vi du 11 G(s) = —{7-,K:=1,}C’= 1, u'= 1; phuong trinh (3-53) ¢6
S
dang:
st 4s+ =5 +s+ oy ulK = 0;

ca - - [NV . non N N - .
Tri 6 trung binh cua vy u, = 2: néu chon py u K =1 thl »= 0,5 vi dac tinh

LN

nhu ¢ hinh 3-55 (phdi chiang y = 0,5 14 tri 56 18] uu?).

Vidu2
Mo hinh mau ¢6 ham truyén dat:
G {s) = —11— , K, =1 va qud trinh:
$°+s5+1
G = 2
2
§" +s+1

ta ¢6 sd d6 kh6i nhu & hinh 3-56 va cdc dac tinh y(t), y, (1) vhi &) nhir &
hinh 3-57. Vi & quad trinh hé s& khuéeh dai K = 2 nén tri $6 xdc lap cla & =
0,5dé K&= 1.0 haj vi dy trén, ¢é thé dung tin hi¢v u, 1 cdc xung chit nhat.

Qua hai vi dy nay ban doc ¢6 thé so sdnh dé rit ra nhan xét vé su gidng
nhau cua phuong phip tedn tr phu va luat MIT.
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P 1 yﬂ

ManSw
Lan WY .
[1 e
Transter Fon
m. ntegrator  Gainy ot
]

| Kurud

! ®
. .1 ) - Ym

e g

Congtant o
- eart

Froductl  GaIn Transbe Fend

Sin W

Minh 3-56

I
H |
| S L
W a

Hinh 3-57
Vidu3
Hé thich nghi véi nhiéu théng s6 tir chinh dinh.
Mo hinh méu duge mo ta bing phuong trinh vi phan:
dyq,
dt
con mo hinh doi tugng 1a mor hé kin:
dy
dr
Bo diéu chinh tao nén tin hiéu ra:
u(t) = duft) — ehy(t)
£0 hai thong s duge chon la:

= — 2,y + bl (3-54)

= —ay + bu (3-35)

b
b
a, —a

b
Méi quan heé vao - ra clia hé vd mo hinh nhu nhau, con goi 1a “mé hinh

¥

8, =6, =

bdan hodan chinh”.
Bay gio ding tvat MIT, véi sai téch: e = y — y, ma y 13 dau ra cua heé Kkin.
Tir (3-54) va (3-35) nit ra:
b,
—— uL
s+a+bb,

Ta ¢6 duge cdc dao haim (ham nhay cam):
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de b

@9| S+a+b92 uC

de -b%6, b
= 2 uC = ——— y
06, (s+a+bb,) s+a+bb,

Céc phuong trinh nay khong thé dung tryc ti€p dugc vi cdc thong s6 cla
qué trinh a va b déu chua biét. Mot trong cdc phuong phdp don gian hod mo
hinh 12 c6 thé 14y s + a + b6, ~ s + a,, & cdc “mo hinh ban hoan chinh”. Bay
gid c6 thé viét cdc angorit thich nghi nhu sau:

46 _ _y[ 2 che (3-56)
dt s+ap,
de a
dt s+ap, ; - o
= %
s b Transfer Fon

G da - .
VY= =i .

i T
Man Sw i 1
So dé thuc hién nhu & L OT T
hinh 3-58 véia=1,b= © ! X
l, a4 = b, =2, tin hiéu s [ integrato
vao u, c6 bién do £1 va _ »
A
LV

y=1.

O hinh 3-59 c¢6 quy
dao bi€n déi 6, va 6, sn 2 2
trén mat phang thong
s6 v6&i thoi gian mo

phong 1a 500 don vi.

Phuong trinh (3-53) ciing
cho thdy tinh 6n dinh con phu
thudc & ug. nghia 1a néu bién do
cua tin hiéu vao 16n dén mot tri
s6 nao d6 thi hé c6 thé mit én
dinh.

Biéu thitc (3-50) c6 thé viét:

Hinh 3-59
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a8

de
ma ¢ = “20 Bay gi néu dua vao luat diéu khién bi€n dang ta cé thé viét:
46 _ I (3-57)
dt A+ P

ma a > 0 duge dira vio dé phong khi ¢ qud bé. Phuong trinh (3-57) vin ¢6
nghia khi #1a vecto.

Trong trudng hgp nay phuong trinh (3-53) ¢6 dang:
¢'u,

) {}
a+o"yp

§+ ¥ KG(s}y =0

Vi o" 1y 1e véi u .nghi¢m cfia phuong trinh khong thay déi ding ké khi
mitc cha tin hiéu vao thay doi. Angoérit thich nghi (3-57) goi 14 ludr MIT
chudn hod.
111.3.3. HE G!A! TICH XAY DUNG THEO HAM NHAY CAM

Nhir da thay & (3-41) hay (3-43), v¢& phai cna cdc angorit thich nghi ¢é
thanh phdn goi 12 ham nhay cdm, noi lén su bién doéi cha mot ham nao d6
theo su bign déi cua thong s6. C6 thé xay dung angorit thich nghi néu biét
duge ham nhay cam nay.

Trong trudng hop chung, v6i mot hé phuong trinh moé ta chuyén dong
ctia he thong:

K= @) (Xy e Xp o 1O 0t) s X(0) = ,i=1,n.

va chuyén dong phu: AX = u(x,o) Aa + e{Aa) mi Aw 12 bién déi cha vecto
thong s6, w{Aa) la gia s6 phu bé hon Aa, B{x.&) la todn tir phu, ham nhay
cam thudng duge xde dinh bdi ma tran nhay cam u = ox/0a.

Phuong trinh nhay cam cé duge tlr dao ham clOa hé phuong trinh da cho:

dx; _d (E‘ d e E:‘(p-lu +6rp-[
dt da; dt 'J'k:,axk b o’

u;(0) = 0 (i, 1.n; j=1.mj;
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Giai hé phuong trinh trén ta ¢6 haim nhay cam cdn tim. Tuy nhién, ngudi
ta ¢6 thé diing mo hinh nhay cim vé&i “plutong phap diém nhay cdm™ Kokotovic
P. V. hay “phuong phdp 3 diém” cia Rutman R. S. [30].

Déi vai hé tuyén tinh, ham

nhay cdm cé thé nhan dugce tir L)_ HE CO BAN x M. H. NHAY CAM |—=
i - )

cdc diém nhay cdm sau khi dva
tin hiéu tir dau ra cta hé co i’ l’uj
ban d&€n mo hinh nhay cam, lap
lai nhu hé co ban. Ham nhay
cam cta tin hiéu ra d6i véi thong sé cha hé d hinh 3-60 134 ham nhay cam
bdn 16garit nén con can dua cic tin hiéu &y qua bo loc:

SInG;(s,a;) _ ¢InH; (s, B))

B = 2
da; af;

Hinh 3-60

o, B 1a vecto cdc thong s§ bién d6i & mach thuan vad mach héi ti€p. Néu
théng s6 chinh dinh la hé s& khu&ch dai cia ¢dc khdi G, H; thi bo loc sé 1a
nghich ddo cla cdc thong s6 1/a va 1/8. O mach héi tiép ¢ thé 18y ngay tin
hiéu trude khi dén hé so khuéch dai tuong tng nhu ¢ hinh 3-62.

-] J

-4, Y-
Hinh 3-62
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Vi du
O hinh 3-63 ¢6 so d6 thuc hién angorit thich nghi nhén dang véi mo
hinh mau G, (s) = 1/(s + 2) (hé kin), mo6 hinh thich nghi {mo hinh co ban)
ciing 1a hé kin: G(s) = K/(s + 2) vdi k 13 thdong s6 chinh dinh theo phuong
phdp nhay cdm ma mo hinh nhay cam giong nhu moé hinh hé co ban (so sanh
hinh 3-61}. Angorit thich nghi:
dk de  Ox
@ Cw T W
Hinh 3-63 14 so d6 thyc hién angorit thich nghi trén va hinh 3.64 1a céc
dudng cong tuong ting. Cha ¥ 1a khi thue hién, diéu kién dau cta k phai khdc
khong (k(0) #= 0} vi tin hiéu &y di vao phan t chia.

e
:
;1:1 :
Scope :
g e B !
= ¥ % ﬁ - i g_.'-&»ymmrcﬁﬁ |
Pro®uct  Transler Fon K(’é') '
Hinh 3-63 Hinh 3-64

I5.3.4. PHUONG PHAP LYAPUNOV VA PHUONG PHAP UGC LUGONG

Hai phuong phdp nay khdc nhau & cdch xay dung angorit thich nghi va
chifmg minh vé tinh 6n dinh va hoi tu cha hé. Phuong phdp (thd hai) cha
Lyapundv c6 ¥ nghia thuc t&€ ddi vdi cdc d6i tugng tuyén tinh bac mot va hai
va dugc ti€p tuc phét trién sau ndy. Phuong phdp uéc luong sir dung rong rii
hon vi angérit diing phuong phdp gradién va 61 uu hod theo sai s6 quan
phirong nhd nhat 12 nhimg phuong phdp phd bign. Tinh mém déo ciia né cho
phép ding co cau nhan dang nhu 1A mot modun riéng biét nén con duwge goi
14 phuong phép “téng hop modun™ [23].
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111.3.4.1. Téng hgp theo ham Lyapundv
Vi duy, doi tuong tuyén tinh duge mé ta bi:
X=u+ & (3-58)
ma ¢ 1a thong s6 chua biét. N&u so b xde dinh duoge gidi han cha | 6] 12 §

( 81 <) thi diéu khién u = —28k 12 tuyén tinh, con néu gisi han nay khong
bi&t thi khong thé tdng hop duge co cfu didu khién dé hé (3-58) én dinh.

Né&u diing co cdu diéu khién phi tuyén tinh:

u= _'klx - k2x3 (3'59)
véi k| > 0, k, > O phuong trinh hé kin la:
X =(0-k)x - kyx* (3-60)

v6i & > k( trang théi can bing x = 0 la khong 6n dinh nhung thanh phéan
—k2x3 han ch€ su ting trudng mét 6n dinh ay. Khi &y x(t) s& hoi tu & mot trong
hai trang thdi can bing m&i £ {(#-k;)/k, . Co cdu diéu khién phi tuyén
tinh ¢6 kha nang han ch& x(t) khi khong biét gidi han cha 6.
Tuy nhién muc dich diéu khién khong phéi 14 dat duge gidi han cla x(t)
ma la dat duge di€u kién lim x(t) = 0, do d6 phai ding dén co cdu diéu

f e

khién phi tuyén tinh déng, vi du cé thé ding:
u=—(p+§)x,§-=x2 (3-61)
ma p > 0 la thong s& can xdc dinh.
Heé kin bay gid la: >'(o=—(p+ 5 X+ 6k, } (3-62)
g=x

Heé s& én dinh néu diing haim Lyapunov dang (muc 5.2 quyén 3 [34]):
Vix, 9= 2x2 4o (£ -6) (3-63)
2 2
c6 dao ham theo t:  V(x, &) = —px® - & + &% + (£ OxP = —px? (3-64)

luén nguoce dau véi V.

Dic diém quan trong cGa nhimg /1é thich nghi truyén thong 1a tinh tin cay
clia ching d6i véi cdc co cdi diéu khién xdc dinh néong dwong cé thong s6
dugc tinh tr mét ham cna d6i tugng da bigt theo mot phuong phap nao d6.
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Neu thong s6 thyc cua ddi tugng khong biét, thong sd ctia ¢ ciu diéu khién
dugc ude lugng truc ti€p hay gidi cdc phuong trinh véi thong 56 wde tuong
cua doi tugng. Cdc co cdu dicéu khién nhu vay duge goi 1a co cdu didu khién

xde dinh tuwong duong,

V&1 déi tugng (3-58), angorit thich nghi ¢é dang t6ng quat:

9= r(x. 0) (3-65)

val 51:‘1 ude lugng cua & (1) (thay vi £ a (3-63).
Vi diéu khién u=o(x, 8) (3-66)
va dung ham Lyapunov V(x, 0) = %xz +%(§— 0)* (3-67)

ta mot ham khong tang theo t
V(). F) € VI, AL w12 1, (3-68)
Tir d6 ¢6 thé xac dinh 1 (x, 5 vio(x, O, 71, > 0, sao cho V- px™, p> 0.
Tir (3-53) va (3—67)
—x(u+6~‘x)+ é - 6‘)6‘<—px (3-09)
hay Xu —6' 9 +9(x —6)<—px (3-70

Vi c(x. 3) va T(x, 5) déu khong phu thuoc @, ta chon 7(x, B) = x” thanh phan
c6 & chua biét s& triét tiéu va ta ¢6 angérit thich nghi:

6= x> (3-71)

Tir phin con lai:

-~ 3 2
Xu + X7 < - px”

ta ¢d thé xic dinh a{x, )

bang nhiéu cdich. Néu ding

cd cdu diéu khién dé cé he

D

déng phi toyén tinh nhu P
(3-61): s

6

u=—{p+ M)x (3-72)
Hinh 3.65
ta ¢d sd d6 thue hién nhu & hinh 3-65.
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11.3.4.2, Téng hap theo phudng phap udc iugng

V6t cling d6i tugng (3-58), trudce tién ta xdc dinh co ¢du nhan dang. Vi x
khong do dugc nén khong thé giai duge (3-58) vdi thong s6 chua biet &
Dung b6 loc & hai phia cta (3-58) dang 1/(s + 1) ta ¢6:

5 1 1

= u 3.73
s+1X s+1 +es+ix (3-73)

Céc tin hiéu x(t) va u(t) sau khi qua bd loc sé la:

1
X = P Xy = P u (3-74)

Phuong trinh (3-73) bay gio la:
x{t) = (84 D)xt) + uy(1) {3-73)

e

Né€u thay thong sé chua biét € bang udc luong cha né €, tin hieu x
trong vng la:
X = @+ Dx,t) + u(1) (3-76)
Sai lech ¢ lién hé véi 6 bdi:
e=x—?={6—- g)xf-= gjr,~ (3-77)

Né&u chi tiéu chat luong 1a cuc tidu cha e?, angorit thich nghi ¢6 dang:

8=~ L2 _ sex, (3-78)

exy (3-79)

Vi 5(t) t6n tai nén c6 thé dung ludr diéu khién xde dinh twong diong. vi
du nhu & (3-72) v6i nghiém cda mach kin ¢6 tri s6 —p.

He¢ thich nghi mo (2 & hinh 3-66 cé bac ba do médun nhan dang ¢6 hai
bd loc bac mot va mach thich nghi theo phuong phap gradién ¢6 bac mot.

Vigc phan tich én dinh & phuong phdp wdc luong ¢ khé khin. O céc hé
diung phuong phdp gradién, n€u diing angorit chudn hod, viéc phan tich on
dinh thuc hién duge 132 do & modun nhan dang khong ¢d gi6i han nao dat ra
déi vOi x{(1) va tr d6 d6i vdi uft). Diéu d6 ¢é nghia 13 médun nhéan dang cé
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thé diing khong nhitng cho co cau diéu khién xdc dinh theo vi tri nghiém cyc
nhu 4y vi du nay ma con cho céc loai co cau diéu khién khdc.

o
|
I
Hels
1+ xf -
.
Hinh 3.66
111.3.4.3. Trusng hgp doi tugng phi tuyén
Ding phuong phdp udc lugng dé 18ng hop déi tuong sau:
x=u+ 0x (3-80)
vai luat diéu khién xdc dinh tuvong duong: :
uz*px—E»"x2 (3-81)

Néu 913 ude lugng chinh xc thi & = @va hé kin twong ing v6i X = —px
nhu g vi dy tuyén tinh trén.

Co ciu nhan dang duoc xdc dinh nhu (3-73) + (3-82) nhung x; bay gi0 la
kel qua cua x? qua bo loc.

e=Oxp; Xy = sz (3-82)
s+_l
v6i angorit chudn hod (3-79), sau khi thay the & = -0 va e = Ox;:
. 2
§=- - p (3-83)
L+ ()

Phuong trink vi phan la tuyén tinh. Sai s6 E'thfmg thé hoi tu vé 0 nhanh

hon ham mi. Vi du trudng hop 161 nhat la:
O=c" KO (3-84)
Téc do hoi tu nay 1a t6t d6i voi luat dién khién xdc dinh tuong duong
(3-72) v& d&i twong tuyén tinh (3-58), nhung vai diéu khién (3-81) thi khéng
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thé. Phuong trinh hé kin 1a:

X=-x+0x (3-85)
D€ gidn don, d day p = 1. Thay thé y= 1 & (3-85) ta ¢c6 phuong trinh:
X =—x +x%e0(0) (3-86)
va nghiém la:
(1) = 2x(0) (3-87)

X(01(0)e™" +[2 - x(0)9(0) e’

Néu x(Q) 8¢0) < 2 thi x(t) hoitu vé 0 khit = «. Néu x(OA (D) > 2 thi
1a1 that diém:

Ll

| x(MB(0)
t,= —In——2nl

~ (3-88)
2 x(0)8(0)-2
sai lech gifta hai thinh phan cé ham ma ¢ mau s8 bing 0 va:
|x(1)] = o khit -,

Nhu vay hé thich nghi khong nhirng mat 6n dinh ma tai thoi diém t,, x(1)
s€ nhay vot dén vo cung. Chénh léch x(0¥2(0) — 2 cing 16n, nghia 13 diéu
kien ddu cang i6n thi diém nhay vot cang gn.

Vi du trén cho thdy, 1ong hop theo wde hegng truyén théng khong thé
dung cho nhitng dé1 tuong phi tuyén. Do dé phdir diing dé€n nhiing phuong
phdp nhu nhdn dang chudn, hay cdc co ciu nhdn dang nhanh [231.

I1.3.5. PHUOGNG PHAP LYAPUNOV VA “BUGC NGUOC”

111.3.5.1. Kho khin vé& cau tric d d&i tudng phi tuyén

Néu vin dung ham Lyapundv nhu di ding véi déi tuong lu;!é'n tinh, thi
dao ham cla V dsi véi déi trong phi tuyén (3-80) C.(‘) dang:
V=x(u+8x)+(-6)80 (3-89)
Diéu kién V< —px2 cho phép rat ra angorit thich nghi ciing nhu véi luat
diéu khién: _ -
Xu +§5+ o(x* - ET) < —px2 (3-90)
D¢ loai théng s& chua bigt @ ta diing angorit thich nghi:
§=x’ (3-91)
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vi (3-90) bay gior la: Xu+x'8 < —px° (3-92)

Luat diéu khién thod min didu kién wreén 1 diéu khién xde dinh twong
dirong:

b= px— Ox (3-93)
Vi angorit thich nghi {3-91) clmg nhu luat diéu khién (3-93) déu thoa min
didu kién V = - px” cho nén tinh chét én dinh va trang thi didu khién nhu & he

thich nghi tuyén tinh (3-58). So sinh v&i phuong phdp ude luong, luat khién
(3-81) va (3-93) Ia nhu nhau trong khi angorit thich nghi (3-91) ¢6 toc do
hoi tu nhanh hon hin angérit thich nghi chudn hod (3-83). Néu & déi tuong
tuyén tinh, han ¢h€ ciia phuong phdp Lyapundv 1a & ddi tugng ¢6 ham truyén
bac mot, hal thi & d6i tuong phi tuyén tinh 13 § “mic do bat dinh”, tiic 13 56
luong khau tich phan giita ddu vdo cha diéu khién va thong s& chua bigt, O
dét tugng (3-80) mirc do bat dinh dy bang 0: thong s6 chua biét 8 va diéu
khién u “tuang thich” nhau, nghia 12 & cing mot phuong trinh.
¢ d5i trong: X, = %y + 8(x))° _
. (3-94)
X2=1
mic d§ bat dinh 1a mét, tuong dng vdi trudng hgp “tuong thich m& rong” ma
phuang phdp Lyapunov cho phép tdng hop truc ti&p vi B xuat hién ¢ luat
diéu khién c6 thé duge thay the tir angérit thich nghi.
Hé ¢6 mire do bat dinh 14 hai:
;(1 = Xz + O(X|)2
X5 = X; (3-95)
}::3 =1U
Luat diéu khién u bao ham fma & day diéu kién &y khong t6n tai. Phuong
phdp “budc nguge” nhim khic phuc khé khdn ndi trén khi phat trién tng
dyng cia tiéu chuin én dinh cta Lyapunov.

I1.3.5.2. Ham diéu khién Lyapunév

P36 1a md rong khii niém vé ham Lyapunév dé téng hop durge mot hé kin
6n dinh va phan tich tinh chat cta hé thong.

Vidy vdi hé:
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x=f(x,u):xeR" ;ue R:f(0,0)=0 (3-96)

Can t8ng hop luat diéu khién a(x) doi véi bien diéu khién u sao cho
trang thdi can bang x = 0 ca hé kin:

X = f(x, a(x)) (3-97)

én dinh tiém cén. Ta c6 thé chon ham V(x) 12 him Lyapunoy va doi hoi v

thoa man diéu kién \:’(x) < -W(x), ma W(x) la mgdt ham xdc dinh duong. Can
tim mot ham e (X) sao cho:

Z—V(x) flx, a(xh) < -W{x) (3-98)
X

voi moi X € R" 14 viec kho khan. Né€u chon duoc V(x) vd W{x) thod man
dugc (3-96) va (3-98) thi d6 1a siam didu khién Lyapundv ¢dn tim.

Dinh nghia
Mot him xdc dinh, tron, duong khong bi giGi han theo ban kinh:

V : R" 5 R, duogc goi 1a ham diéu kiién Lyapundév d6i véi (3-96) néu:
I's

inf {ﬂ(x)f(x.u}} <0: ¥x =20 (3-99)
wek | Ox

Artstein da chi ra rang, (3-99) khong chi 14 cén thiét ma 1a di dé (6n tai
luat diéu khién thod mén (3-98), nghia la sy t6n tai ham diéy khién [yapunov
twong duong véi kha nang on dinh tiém c4n toin bo. Néu heé két hop vdi didu
khién c6 dang:

x=f(x)+g(x)u; f0)=0 (3-100)
thi (3-98) c6 dang:
%f(x) + %g(x)a(x) < -W(x) (3-101)

Tinh chat cha luat diéu khién 6n dinh a(x) d6i véi (3-100) ¢6 ham diéu
khién Lyapundv V di cho 1a: a(x) lién tuc & x = 0 néu va chi néu ham didu
khién Lyapuno6v thod man tinh chdt diéu khién nhé: Véi mdi £ > 0 ¢6 viing
X&) > 0 sao cho néu x = 0 thoa min didu kién | x| < Jthi c6 vai | ol < & ma:

Qx{f(x)+g(x)u] <0 (3-102)
’4
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Vi du

Mot hé théng ducge md ta nhu ¢ hinh 3-67 « *
X = COSX — X" + U (3-103) ‘j’ ? _l ‘ T

nhiém vu 1a tong hop luat diéu khién héi tiép

tam cho hé 6n dinh tiém can toan bo ta1 diém : -'_*_(')3

can bang x = 0. C6 thé néu va so sanh mot vai

phuong phdp. * .
Trudng hgp tong hgp tuyén tinh, luat T _#_C(_”(Z]‘__

diéu khién ¢é dang:

Hinh 3-67
U=-Ccosx + X —x (3-104)

- ~ - N » . o N 3 N oL L -
Loai trir hai thanh phin phi tuyén (cosx vd —x7} va thay thé bing -x, hé
$& 1ré nén tuyén tinh:

X ==X

Né&u chon: V= % (x)* (3-10%)

13 hdm diéu khién Lyapunov déi véi (3-103), luat diéu khién (3-104) s& lam
thod min yéu cin (3-101) véi W(x) = xz, nghia 1 V(x) < —xZ.

Tuy nhién, néu phéan tich k¥ ta thdy chon ham diéu khién nhu rén la
khong hop 1¥: ham diéu khién loai bo khong nhitng cosx ma con ca —x*. V6i
diéu kién on dinh tiém can tai x = 0, thanh phéin -x" 13 ¢6 1gi, nhat 1a khi x
cé gid tri 16n. Mat khdc, sy 16n tai cua x* & luat diéu khién 12 c6 hai vi né

gay nén tinh khong bén ving khi bién do cia u 1dn.
Téng hop hop 1y hon 12 khong loai trir thanh phdn —x*. Véi V(x) = %xz

nhu trude ta chon W(x) = x% + x* sao cho luat diéu khién thod min (3-101)
s€ tro thanh:
U=—-CO5X — X = (%) (3-106)
trong trudng hgp nay, bién do cua u chi tang tuyén tinh véi x.
11.3.5.3. Phudng phap “buédc ngudc” tich phan
Ta bit ddu bing cach thay vao hé (3-103) mat khau tich phan:
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>'(=cosx—x"+‘;” (3-107a)
E=u (3-107b)

Muc tiéu tong hop la diéu chinh x(t), nghia 1a x(1) = 0 khi t — o vd&i
moli x(0) va £(0). Tat nhién &1t) phai dugc gidi han. Tir {3-107a) trang thdi
can bing vai x = 0 tai diém (x, &) = (0, —1).

G hinh 3-68 hé
(3-103) tuong ung
v&1 hinh 3.67 dugce
moé 14 bang dudng

diut nét. Dé xay

khién Lyapunov
cho {3-107), ta xem
nhu ham diéu khién

r
|
I
!
1
1
o
s |
dung ham  diéu | "
[
!
1
1
|
1
|
Lyapunov cho hé |
r

con bén trong
dudng dut nét da
big€t. That viy, néu
£ 1k diéu khién & ddu vao thi {3-107a) gidng nhu (3-103) va ham diéu khi¢n

Hinh 3-68

. s . . l .
Lyapunov cung luét diéu khién, tuong itng vé1 V = E(x)2 Vil § = — ¢ X — COSX

- luat diéu khién (3-106). Tat nhién & 1a bi€n trang thdi chit khéng phai luit
diéu khién. Tuy nhién, ta xem nhu "dai lugng mong muén™:
G = — €% — COSX = a(X) (3-10%)
Xem z 1a ~hénh léch cua & khoi dai lugng mong muédn:
z=¢6-£& =&-a{x) = £+ X + cosx (3-10%
Goi £1a “diéu khién thuc” va dai luong mong muén cia né afx) 1a “ham
on dinh™. Bién z tucng fing v6i bién “sai léch”™. Bay gids ta viét lai hé (3-107)
v3i toa do (x, z) nhi & hinh 3-69 va 3-70. Bét ddu tir (3-107) v hinh 3.67 ta
thém va bét di ham 6n dinh a(x) vae phuong trinh 5(, nhu & hinh 3-69, sau
do dung a(x) nhu diéu hién hoéi ti€p bén trong khdi dit nét va lui nguoc
—a(X} qua khaun tich phin rhu & hinh 3-70. Vay & hé toa dd mén:



Hinh 3-89 Hinh 3-70

e
]

COSX — X + [& + ¢} + cosX] = ¢ X — cOsX
= —Cix—X+2 (3-110a)
i=§.—o‘t=¢"+(cl—sinx)£
=u+{c, - sinx).(—¢c,;x - X" +2) {3-110b)
Bay gid chon ham diéu khién Lyapunov V, cho hé (3-107) bing céich

thém vao V(x) binh phuong cha sai léch z:

Vu(x, & =V(x)+ _;_22 = %xz + %(;’ + c|\'+cosx]2 (3-111)

Pao ham cua \}i, theo (3-100):
\}a(x, zZ, W = X[-c;x - X" +2] +z[u + (¢) - sinx).{~¢,;x - x* + 2)]
=-c,x’ - x* +z{x + u+ (¢, - sinxX).(-¢,x - X + 2] (3-112)
Dic diém tha nhat cia “phuong phép bude nguoe™ 1a khong phai ldy dao
ham cha a(x) dé€ c6 (3-110b) ma vi a(x) 12 ham di biét, do dé cé thé tinh:

o= i—a' = —(c; - sinx).(—c(x - X" + 2) (3-113)
X

Dac di€m thad hai clia “phuong phip bude nguoe™ 13 ham u duge xdc
dinh dé thod man (3-101) trén co s& tap hop cling vdi u ci thinh phan xz tdn
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tai & (3-110a) va & ham V, c6 cd tich uz. Bay gi¢ ¢6 thé chon u sao cho \'Xu
xdc dinh &m & x va z.
Cich gian don nhdt 12 can bing phin trong ngodc vuong & (3-112) véi
—(:222 mac, > 0.
U= —csz — X —{c, —sinx).{ —¢|x - X'+ 2)
= —Cy(& 4+ c X +cosxX) — X — (¢ — sinx).{( + cosx — x%) (3-114)
Vi di€u kién nhu trén, dao ham clia ham Lyapunov s& xdc dinh am:
\'K.dz—clxz—czzz-x" (3-113)

O he toa 46 (X, z) hé kin trén ¢6 thé dua vé dang:

H B i | R

Dic diém thit ba cha phuong phip busc nguge 1a & (3-116), phucng
trinh ma tran cOa “h¢ thong” 13 tong hop dudng chéo am va ma tran d6i xing
léch cia ham x.

I11.3.6. TONG HOP HE THICH NGH! THEO PHUONG PHAP BUGC NGUGC

Co cau diéu khién thich nghi 1a co cdu dong hoc, né khéng nhitng han
ché duge trang thai ctua doi tugng ma con din dén dai lugng mong muén (&
hé diéu chinh) hay bdm tiém can v&i tin hiéu miu (& hé tuy dong). Theo mirc
do bat dinh cua he, ta ndi dén mot vai phuong phdp co ban.

111.3.6.1. Diéu khién thich nghi phi tuy&n theo didu kién tuong thich

Doi tugng phi tuyén 6 dang:

X =u+ 6p(x) (3-117)

ma & 1a thong s6 hing chua bi€t nén chi ¢é thé dung luat diéu khién xdc dinh
tuong duong mi € duge thay thé bang uée lugng cha né 6.

U=~ Gp(x) - ¢,x (3-118)
Thay (3-118) va (3-117):
%= —cox + Op(x) (3-119)
o day g 1a sai léch thong s6: 54: -6 (3-120)
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. , 1 .
Paohimcua V, = ;xz la:

\.fnz—clx2+ Ex ¢ x) (3-121)
Vi thanh phan thi hai cha v€ phai phuong trinh trén 1a khong xdc dinh
va chua dung sai léch thong s6 chua bi€t nén phas dung luat diéu khién thich

nghi 8 va them vao thanh phin V,, binh phuong sai léch thong s6:
Vi(x, 0 = Exz + —8 (3-122)

Pao ham cha V| c6 dang:

o~ ot

\.’,(x. g’)d: XX + —l~§ﬂ6‘?‘,= —c}x2+ Hﬁ;go(x) + lﬁ e
7 e
s ox?+ Flxe0 + 1] (3-123)
90; frgng 4

hal

i

e i
- |
L e R
| |
. ud
|
r‘l"""""_-""_""-__" =T

Co cdiu diéa kitién Phich nqahi

Hinh 3.71 Hinh 3.72

Thanh phan thi hai chia dng 9 vin chua x4c dinh, nhung & day c6 thé su

dung tinh chat déng hoc cua §=-8 Vay thanh phan khong xdc dinh ¢6 thé
dugc loai trir néu chon luat diduy kh1en 1h1ch nghi:

9——6’ YXEKX) (3-124)
va ta ¢cO: Vl =-c|x <0 (3-125)
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So 46 thuc hién hé thich nghi cung véi diéu khién nhu & hinh 3.71, &
hinh 3.72 c6 so do tuong duong tir (3-119) va (3-124).
x. = _CIX + é;)(x)

~VRpX)

1l

11.3.6.2. Diéu khié&n thich nghi phi tuyén theo phuong phap
“budc nguge”

(3 phuong phip tuong thich bart dinh, théng s6 & cing mot hang véi diéu
khién nén viéc tong hgp hé thich nghi don gidn hon. Bay gid ta ndi dén
truong hop chung hon phuong phdp tuong thich md réng v4i mét khau tich
phén.

X1 = Xp + Op(x) (3-127a)
)(3 =4
Néu ¢ di bit, ding ham 6n dinh d&i vdi x,:
Q’;(th):"’cﬂil—@(p(xl) {3'128}
Diung ham Lyapundv:
1 1
Vlx, 6) = = (x)? + E(xg—a,(x,.@f— (3-129)
v&l dao ham xdc dinh am:
V (X, 6’)=—clx|2—c7_(x2— ay(x, ) (3-130)

b&i diéu khién:
U= —cy(Xy — (X, )) — x; + %?(xz + 8p) (3-131)
1
Vi @ khong bi€t va xuat hién trude tuat didu khién mét phuong trinh, do
do ta dung dén plcong phdp bitge ngicoc.
Budc 1. Néu x, 1a diéu khién thi cao cdu diéu khién thich nghi (3-127a)
duge ding nhur (3-118) va (3-124):
a(xy, 9 =—ciz; - S 0x)) (3-132)
9 = ~yz,9xy) (3-133)
véi .5;1 12 rdc luong & bai todn nay.

V61 (3-132) va bién sai léch méi z, = X, — a;, 1a ¢o:
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Z)=—Cyz;+2, +{(6- 9o (3-134)

Pao ham cua ham Lyapunov:
| 1 <
Vix, 9= —(z)* + — (8- 9)° (3-133)
2 2y
theo (3-134):

. , 1 .
Vl =ZyZy — '}’:{9" 191)19[

1 .
=Z1Z5 — C Zi‘z + (9 - 191)((02] —;SIJ

= 2,2y ¢, 2} (3-136)
Budce 2: Dao ham cua z, duge mo ta dudi dang:
fy= g - =u~ Sy - 0
2 = X2 1 2, I 23, I
Thay thé& (3-127a) va luat thich nghi (3-133) ta cd -
. oo oa,
Zy=U~ —(X; + Bp) - —
2 %, 2 ?) 29, Yo
da, da, o,
=u- Xy — —— - 86— 3-137
ox, 27 39, (2a 2%, @ ( )

Biy gid chon ham Lyapunov va téng hgp u sao cho dao ham cha né
khong dirong. C6 ging diu tién 1 ting ham Lyapunov dé€ ¢é:

1
V?.(Zl' Zs, 9]) = Vl(z.}, 9]) + 5(21)2
va dao ham cha né:

. . pa|
. 2 Ca da da
Vo=V + 292y = -0 Z +z2i- Zp+u ———dx, ——L gz, — 0L

0X, o9 ax,

Diéu khién u s& loai trir thanh phan khong xdc dinh bdi &, san khi thay
thé€ bing udc lugng clia né I;:

Wz oz~ cyzy + DBy, 1 S0 yez L
1 7 G2z 2%, 2 39, [ '8);, 2
Dao ham V, bay gi¥ 1a:
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: da
Vz = - C12|2 - CzZ% - (8- 19|)_‘LQ9122
Ox,
D¢ loai trir thinh phén (8- §)), ta thay 9, & diéu khién u béi uée lugng
mdi cliia né —9,:

U=—12y—Cyz; +

a, da, da,
Xa + — yoZ| + 9y —— 3-138)
. 2 83|Y€01 :zax!(ﬂ (
Bay gio ham iz cd dang:

da,
ox,

Su ¢4 mat cua thong s6 udc lugng mdi &, gia ting hAm Lyapunov:

2..32_(:22.2—21_(9_ ng) go (3'139)

Vz(zl. Zs, SI, 192) = VI + l?% + '—]—(0—‘ 192)2
2 2y

= l(2.2 vz + Lpe- G+ (8- %] (3-140)
2 2y
Pao ham cua Vv,

\}2 = \;l + 222.2 - 1(9‘— 192)19.2
Y

da 1 g
=27y — ¢4 212 + z{—c?_zz -z —(9—.92}—'1;0} - (8- 98
ox, 4
=-—C I — CaZy _(8_ 192) — Ly +—|92 (3‘141}
%, 4
Bay gid thanh phén (8- 9,) c6 thé dugce loai trir bing luat thich nghi:
: ca
Iy = —y—L gz, (3-142)
X
X : 2 2
va Vo=-cyz) —¢y25 (3-143)

Cic phuong trinh (3-142), (3-139), (3-134) va (3-133) cia hé dudi dang
sai léch duge mé ta baéi:

2y =iz + 2y + (0= 8P

. Sa
22 = — 0222 - Z| + (8" ng)‘—‘—l gD

X,

-14
9 = yoz, (3-144
dax
Gy = —p 2L
2 y@x; (5]
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Dang ma tran:

é| __Cl 1 Zy @O 0 ) Hf') _'91
= +
éz —1 _CZ Zn —‘-aﬂ({} 2] —92
- TR e (3-145)
9 14 0 Z) ‘
. = ¥y
9y 0 —g—a—l—qo Zs
_ _ X

Ta nhan thdy:

- Ma tran hang cla hé cé thanh phan dudng chéo am va thanh phan kia
déi xing lech.

- Ma tran nhan vdi chénh léch thong s6 & phueng trinh doi véi z duge
diing & angérit thich nghi cho théng s& udc lugng.

l11.3.6.3. Biéu khién thich nghi theo ‘phudng phap tugng thich md réng”
Viéc tang s6 luong cdc thong s6 wde luong lam tang nhanh bic cua co
c¢du diéu khién thich nghi l1a diéu khong mong mudn. 0 day s& néu lén
phuong phdp khic phuc trong trudng hop ding plirong phdp twong thich, véi
hé ¢6 mot khau tich phéin.
Hé diéu khién phi tuyén c¢6 dang nhu trude:
X; = Xy + 0p(x))
%=
v hai buéc tdng hop ¢6 thay doi,
Bude 1. VGi 7, = X, VA X, duge xem nhu diéu khién thyc ¢ phuong trinh
z,, ta xdc dinh ham 6n dinh th nhat nhy (3-132):
a, =~z - Gp (3-146)
So sanh vdi (3-132), & day thong s6 wéc fuong khong phai 13 8, mala &
va chi ¢ mot thong s6 ude lugng mi thor.
Ham Lyapunév thir nhat lic

~S 1
VI(X|. 8] - - (Zl) + ‘—02 (3'14?)
2 2y
ma 8=8 — 8 vdi z, = X, — o thi:
Vlzzlzz—c,zf +’£34(goz|—-2l—§") (3-148)
4
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Ta bo qua viéc chon luat thich nghi d6i voi 0 & day, va s& dé cap dén bude hai.

Phuong trinh sai léch:

Z'1='-C|Z|+Zz+§-l(£) {3-149)
Budc 2. Dao ham cla z; = X, — a; la:
Zo=u - —gi(xz—éqo}a&f}
X 06
a . ~ a —~
w2, gl Foa, _ 9u g (3-150)
ax[ ax] axi a8

Dé 16ng hop u, gia tang ham Lyapunov:

1 2

1 3 1 3 lﬂlz
Vo=V + =25 = —(2,) '+ —(2,) + —8
2 1+ 5% 2(1 5 (22

3-151
2 ( )

4 day khong ¢ thanh phan (8- $,) nhu & (3-140). Vi (3-148) va (3-150)
ta co:

. —~F lf-.
szz,zz—clzi + &gz, -~ —8) +
¥

vz, [ < Jay da, da, 5
T A2 T . DY - T
: 1 X, Ix af
~ da 1~
= —c 23+ Ol¢z, _ZZKI @ - ;9] +
|
3} -~ Jor,
vzylyru-Cy, 5%, 90 g (3-152)
2 2
X, 0x 86
Tir thanh phan thi hai cta (3-152):
- da
0 =y (pzy - =L gz,) (3-153)
X,

Thanh phin cudi ctia (3-152) can bing vdi —c, z% ta cd:
o) =

oa, ; (3-154)

~da,
U=2Z) ~CyZad+ — X3+ 8 — @ + —
X, %, oa
Vdi cdc diéu kién trén

2 2
V2=—C|Z‘ _C:!Zz

[FaN

0 (3-153)

ma h¢ sai s6 duge mo ta nhu sau:
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Z ¢y 1 Zy %
z ) 1 ~c z ' 9a, 0]
2 —1-c 2 -
&
- - L4 XL (3-156)
8 =rlp- 9‘_"“4 ﬂ
_ oy |7 J
So d6 kh&i nhu & hinh 3-73. Hiy so sdnh (3-156) vdi (3-145).
7 " Z, T _é\_
6 0{.“:? 5 .32] [_‘P] s
> iy r'-?—' % T
~ ax, i ¥
g =__ " 4] L~ 2%,
| ! ¢, 1] ’
| e} !
| L{-a o~
‘ - i
|
7 | 1
Hinh 3-73

Il.4. PHUONG PHAP TONG QUAT DE KHAO SAT
CAC HE THICH NGHI
11.4.1. ANGORIT THICH NGHI

Trong cdc vi du trén vé hé thich nghi - hé cuc 1ri ciing nhyu hé giai tich,
chiing ¢6 nhing diém chung. D6 1a sy tén tai cu thé hay khong cu thé cuc tri
theo mot chi tiéu chat luong, va & diém cuc tri 4y, gradién theo thong s6 bién
ddi bang khong. O cdc he giai tich, sy hinh thanh chi tieu chdt luong duge
thuc hi¢n trén ¢g s0 cua sai léch gitra hai dai lugng ma & cudi qué trinh thich
nghi, sat 1éch dy 14 nhd nhét theo mot nghia ndo dé. Cdc heé thich nghi phong
phii vi da dang, do dé viéc téng qudt héa [38, 39] 1 cdn thist [21].

O bai todn tién dinh ciing nhu ngdu nhién, luong théng tin ban diu 1
tuong d6i day di. Trong hé¢ thdng, ngoat cdu tric va thong s6 cha nd, cic tin
hi¢u vao dugce biét hodc cu thé nhu & hé tién dinh, hoac dudi dang céc dac tinh
théng ke nhu tri 56 trung binh, mit do phan bé, mat do phd v.v... & hé ngdu
nhién. Phuong phdp giai bai todn tién dinh 1 dwa vao biéu thic Parseval,
gidi bai todn ngdu nhién - dya vao bifu thic Wiener - Philtips. Céc phuong
phdp ndy déu 1a phuong phép giai tich. D&i véi he thich nghi, khi luong
théng tin ban ddu khong ddy di thi phuang phép thich hop lai 13 phuong phap
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angorit.

D¢ phan biét hai phuong phap nay, ta lay vi du ve mot hé bac hai (1-i41:

djy d T 1
— + ‘_.E;w“—y— +w Ty = w "%, (3-157)
dt- dt

vdi tin hiéu vao la ham bac thang don vi:

. {1 t >0
x{t} =

0 t =20
vty =1

D¢ la truvng hop cua

hé digu chinh.

. o y Y, Theo h.3-74:
—] - (—3 elt) = y (t) - yit).
z 2 -
B+ 2 ;GJDP_+ w, e Thay th& yit) = y, -
e(t) vao hidu thic (3-58)
Hinh 3-74. ta ca:
de(t) de(t) .
s— + 2{w + w "elt) = 0 {3-158)
dt- dt

Thay thé bién thai gian t bdi:

i T = wt
Bigu thic (3-158) ¢6 dang: '
d ez} de(r) _
+ 2 + elr) = 0. (3-15%

dr? dr

Chi tieu chét lugng d& xac dinh hé s4 suy giam ¢ t5i wu duge danh gid
theo:

Ji&) = [ efirde. (3-160
1]
Véi diéu kién cua bai todn ta cd:
¥y =0 e( =1
v(0) = 0 e(th = 0

Nhan véi e(r) va ldy tich phan (3-159) ta co:

o
[emémdr + 2¢ f e(nétndr + [ o*(oydr = 0 (3-161)
¥} i {)
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Lai nhan véi &(r) va ldy tich phan (3-159)

a 0 = = .

U amemdr + 28 [ efindn + f énelndr = 0 i3-162
0 0 ]

Tinh cac tich phan:

> ety =0 e’ v 1
J etnyeinydr = [ ede =— = - —, (3-16:3)
0 =1 y | 2
® )=
[ ameémndr = [ eédé = 0, (3- 164
th Sry=0
o e =
[ enEmdr = einé@) | - f émdr. (3-165
0 i 0 :

Dung ky hiéu J, = [ é°(r)dr, biéu thite (3-161) cd dang:

e

S d -+ d =0 viemiem | =0,
) n
bigu thic (3-162) ¢d dang:

e 1
Z-C_.JI - E = (.
; _ 1 . .
Do dd, cudi cung ta co: J{&) = & +—4" (3- 166}
Iy
. dd 1
va (" xac dinh bdgi: — =1- — =10
d¢ 4~

ta cd It = % = 0.5. Két qua tudgng ung v6i truong hdp ¢ ¢ h.1-5 (1.2.1).

O baj todn thich nghi, khi lugng théng tin ban dau la khong day du, mo
ta (3- 166) khong thé cd, nén dung phuong phap angorit 12 phuong phap bién
bai toan tinh noi trén thanh bai toan dong.

Gia st néu tbn tai mot ham flerco cye tri nhu & h.3-75cung gradién f'(c)
cta nd thi angorit: '

de
T -v(t)f' e} (3- 167}

sé dan dén trang thai téi uu cua hé.
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That vay néu trang thai

}fee)
lam viée cda hé dng voi di€m
de .

Af,le) <0, a 0 vactang A | B
theo thai gian, huéng vé tri s6 ! ¢ |
¢*. Nguse lai @ diém B: f(e) ; —_ ] --..—|E
> 0, d_: < 0 vac giam dé tién &) : ic“ ¢
dén tri s6 c*. , 1| : fee)

Cudi cung ¢ difm C: jfee I | o

de . [ l -

fte) =0, T 0 nghia la ¢ F % ¢ % —
= ¢* = const: d di€m cude tri b) /
{feue ti€u) cua f(e) chuyén
dong sé két thuc. Hinh 3-75.

O angérit ndi tren, ddu (-) tng ,
voi flc) cd cue tri 1A cue ti€u, nguge $fec)
lai, ddu (+) dung cho trudng hop
cuc tri la cuc dai.

Theo h.3-75b, »(t} xac dinh tri /“{
30 tang a. Néu y cd tri s6 bé, qua <

trinh chuyén dong dén tri s6 tdi wu

cham, nguoe lai, y 1dn, qua trinh sé

nhanh va khi y qud lén 58 cd ché da

dao dong nhu mé ta ¢ h.3-76.

J/

Hinh 3.76

Diéu kién t&i vu tudng dng vdi fic) = 0 ¢d thd mo tad bdi:

c =c - yfic).

Cho ¢ tri s6 ban dau ¢ =

c, ta cd trj s0 ké tiép:

¢, = ¢ - y,fie)),

Néu diéu kién t6i du dudce théa man thi

lim c|
n-+o«

lim c¢[n] = ¢*.

n—+em

L3

| = ¢, - v} va tuong tu
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Va angérit téi vu dang gian doan la:

cln] = efn - 1] - y[n]ficn - 1] {3-168)
hay dudi dang phuong trinh sai phén
Acln - 1] = -v[nlf'(e[n - 1] (3-169)

S0 dd khoi thue hién angérit gian doan nhit & h.3- 78a:
Bo tich pban gian doan duoge
thue hién boi phan tit tré T va co

citu ¢ong nhu ¢ h.3-78, E (f) r
Nhu d h3-75b va 76, tuy thuoe
vao y[n] ma angorit cd thé hoi tu .ﬂc{n—r]

hay khong hoi tu tkhdi niém va hoi

tu tudng dudng voi khar aiém vé dn

dinhy. Do dd, cac dang khac nhau

vua ¢[n) hay (t) tuogng dng vdi cice

phudng phip khac nhau dé giai L
phuong trinh dang ftc) = 0 theo nln
phuong phap lién tiép gan ding. Hinh 3-77.

AC[H—?] c[n] o
19 | 7= B

- JL’[ (elom]) Tl R i

1

b)
a)l
Hinh 3-78.
Vi dy. dé€ tim nghiém cia {(c) = 0 co thé ding ham:
fictth = iel0ne™, (3-170)

*

vi i) = ¢

Liy dao ham cda (3-170);

d _ d )
— ety = — o™ (e(0)),
dt dt
- deit)
f{elt)) = - fe(0)e™,
dt
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deft) 1 ,
_ = — [left)) (3-17 1
dt ety

{3-1711 1a angorit Newton dang lién tuc voi:
1
ity = — f3-172
' (eltn

Bién dang cta angorit Newton con cg-

de i _
= - - fleit)), £3-173)
dt (el
1
y) = — {(3-174,
7 (ef0)
Dé tim nghiém cia ficy = 0 con of the ding ham:
freityy = f{ci0)il - th, i3-17H0
va cil) = ¢*
Ldy dao ham 2 vé& caa (3- 175):
£ielt
e £ (et £ (0
) et preion
ficleld) (e(t]) @ ({0,
dett) 1
va = - FictOn (3- 1769
dt et

Do la angorit lién tuc véi thoi gian xdc
dinh hitu han.

- (Gia st ham muc tidu co dang:

b

I kl
Jic) = fie) = ta - ¢)® - min  (3-17T
Hinh 3-74. i ) )
Ta o6 thé dung angdrit Newton bicn
dang (3-173)dé giai.

Bieu kién t6i wu cua (3-177) la:

fiicy = - 2ta - ) = 0, (3-178;
ey = 2, (3-179)
Angorit Newton bién dang (3-177):
deit) 1
= - —[-2ia - )],
dt 2
de(ty
+ oft) = a
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ciQ) = 0,
ety = a(l - 7). (3-180)
nhu duting 1 trén h.3-80. N&u ding
angorit (3-176) ta co:

f'{c(0 = - 2a theo (3-178)

%@ f(c(®)) = 2 thea (3-179)
| _dett) 1

i Do do =-—{ Z2a)l =a
dt 2
|| {0y = 0,
i cit) = at; (1) = a (3-181)
i 1:_ theo dutng 2 trén h.3-80.
) f s
Trong truong hgp vecto, chi tiéu chat
Hinh 3.80. lugng cd dang: "
Jicy = fiey = ficy, .., gy) = min (3-182)

Thi diéu kién toi vu la:

ofley, .ooy) nfle)
== =0 K=12 . N
oy ey
hoac dud dang
. afie) ifle) )
vite) = | s ) = fle) =0

. ['J(.‘l (')CN L

D6 1a diéu kién can, néu chi cd mot cyc ti€u thi 1a digu kién can va du.
D& xic dinh véeto t6i uvu ¢ ta dung phuong phap angérit:
Ace[n - 1] = ¢fn] - ¢[n - 11 = -T[n]Veln - 133,
hay ¢[n] = ¢fn - 1] - T[n]Vi{ein - 11) (3-183)
- vdi digu kign dau 0] = ¢
cho trusng hgp gian doan hay
de _
% = - [ty Vite(t)), (3-184}
vdi dién kién dau: ¢10) = ¢ cho trugng hgp lién tuc.

Trong trugng hgp chung:
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fln
g 22 72n

U= . (3-18M
YNIOYN2 Nn

Khi duting déng mice Jie) = const co

dang hinh khe (h.3- 81 chang han, can
diing ma tran I' dang toan phin thay vi
+tt) bién ddi tuyén tinh truc toa do, dé
dudng dong nnie ed dang dubng cong dong
tam nhu h.3-82. Ma tran I’ g thé la ma

tran chéo:

1 0
0 I,’:

= (3-186)
0 0

Tuy thuéc vao viée chon toa do gic
ma 13- 186} ¢d thé bao gom ca (3-185).
I' = Ay,
Trudang hoap riéng:

1 0 0

0 1 0
=1y = ... 7

6 0 1

Vidy. vai N = 2, trudng hop (3-185):

Angorit 13-183) dang vectd, gian doan

‘ ¢ [n] e;n - 1} yinl ¥y,
¢;[n] cxin - 1] vl yzaln]
hoac:

J ¢
"
Hinh 3.81.
CN
| 2
c*
Hinh 3-82,
{3- 18T
nfieln - 1D
IJC] ~
{3- 188y

df(e[n - 1D

thCH
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nfiefn - 11} ofie[n - 1]

¢n} =¢;[n - 11 - 3 In] ——— - »|,[nl _ , (3-18%
f’cl t)Cz
afieln - 1D fieln - 1]
vir ¢;[n] = c,;[n - 1] - y»[n]--———— - y,5[n] ——— (3-190}
2 ac,
Truéng hop (3-186);
_ at(efn - 1)
c¢fnf =c¢n-1]- ] —m—
f.‘Cl
. (3-191)
Hie[n - 1]
calnd = ¢cyln - 1] - 0} ————
HC:
va cudi cung ¢ng vai trudng hop (3- 187
dfte[n - 11}
¢/n] = ¢[n - 1] - y[n] ————
dCl
_ (3-192)
ofle[n - 1]
cyn] = ¢;(n - 1) - vyl ————
e,

et 30 dé khai nhu & h.3-83a. Hinh 3-83b tuong ing véi dang vécta.

) 3f ) ¥ &
Lo ac, Y -
Co viec) Bﬂ ¢
G C‘,
y
~2ul Bf(c) ¥ 2 it \ !
C20 dc T2
2
b)
a)
) Hinh 3-83,

Tu nhang digu di néu trén cd nhing van d& dat ra doi voi viée giai bai
toan tol vu theo phudng phap angdrit:

1. Xac dinh chi tiéu chidt lugng (3-182) v diéu kién han ché néu cd. Day
la bude riat quan trgng, chi€ém 60% khoi lugng cong vige [38]. Luu ¥ 1a & cich
dat vdr. dé vdi bai todn tai wu trén, ta cd hé b 1ap angorit khong cd méi lién
hé vai bén ngoai (xem h.3-83), moi théng tin déu da biét. O hé thich nghi,
dang téng quat hon vi nguyén tac thich nghi la "sd dung thong tin trong qua
trinh 1am viéc dé€ bu dap cho lugng théng tin ban diu con thigu"
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2. Budc thu hai 1a xac dinh digu kién toi wu
Vite) = f{¢) = 0

3. Xay dung angérit t6i vu theo:
de

— = - T{t) Vie(th, {3-193
di

cl0) = ¢,
cho trudng hop lién tuc hay:

cn] = e[n - 11 - ['{n] Vf(c[n - 1]}, (3-194)

e[0]

C

cho truong hgp gian doan.
Sau dd, khao sat didu kién héi tu cing nhu xac dinh so db thue hién
angorit. Dudi day sé tdng két cde bude da néu trén déi vo; hé thich nghi.

Bude 1. Xdc dinh chi tiéu chit lrong hé thich nghi
Dang téng quat cta chi tiéu chat ltgng nhu sau;
Jley = | Qs elpixidx = Mx{Q(x,c}} , (3-195)
vat diéu kién han ché dxang:
g ) = Mxthixe)}) =0 (3-196)
0 day x - vectd trang thai

¢ - théng s6 cin xdc dinh,

pixi- mat dé phan bd cia x,

Qix,c)- “phan thuc hién" cta ham mue tiéu - trong trudng hgp tang
quat Q(x,e) khong thé thuc hién dwoe bang bidu thic todn hoc ma chi do
duoec.

Bi¢u thie (3-195) va (3- 196) ia dang téng quat vi:
- O trudng hop tién dinh p(x) = 3(x) va ta 6 bai todn tidn dinh
Jie) = Qi0,e} - min,
gie) = hide) < 0, )
nhu & cac vi dy trude, chdng han bidu thic (3-166)
- O truing hgp ngau nhién pix) da bist va
Jle) — M{Q(x,¢)} - min,

%
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giet = M{hixer} = 0
¢o thé dude tinh todan va J(e), gle) duge giai theo bai toin ngiu nhién nhu 6
mue 1.3.2.

- O bai todn thich nghi, ptx) ton tai nhung khong biét duge. Chi tiéu chat
lugng va didu kién han ché khong thé xdc dinh duge hoan toan dudi dang cic
bidu thuc toan hoc nhu & hai trudng hop trén, do dd chi ¢d kha nang t6i wu
hon tiem can. Do dé hé thich nghi gan lién v6i tén "hé hoc". Muc tiéu cua hoc
4 xaAc dinh cuce tifu cua chi tiéu chdt lugng da duoce hinh thanh mdét cach
khong "10". Bang cich quan sdt x ma tim théng 6 ¢ sac cho Jie) = MiQix,ci}
dar eue tidu. Thue ra, bang phuong phap hoc cd thé xde dinh mat do phan
hé pix) roi tit d6 ¢d bai todn ngAu nhién, nhung néu vay, sé tén nhitu thoi
gian dé xac dinh luat phan bd pix} ma sau do, khi dung phuong phap ngiu
nhién d€ giai thi pix) di thay ddi rol.

Nhu vay nhiém vu ¢tua diéu khién thich nghi la xac dinh ¢ = ¢* cue tiéu
2oa phiém ham (3-105) vai diéu kién han ché (3-1961 trong khi khéng hiét duge
~A Jiey vir gie) ma chi bang quan sat Q(x,c) va hix.eh

Buwdce 2 Xdo dinh didu kién 167 wu
Muc tiéu ctia bai toan hoe thay digu khién thich nghi) 1a tim cuc tiéu cta

phiégm ham

min Ji¢) = min M {Qix.e}} .
i [

khong [hai bang phuong phap truc ti€p ma bang qua trinh hoe, qua trinh toi
du haa tiém can.

O bai toan tién dinh va ngiu nhién chi tiéu chit luong t61 uu Jic) va
diéu kién han ché déu co dang ré rét. Néu phié’m ham Ji{e) cd dao ham thi

ndg sé dat cue tri {cde dai hay cde tidu) vdi cdc tri 86 ¢ = (¢}, ¢; .., Cy) ma

N dao ham rieng —- - (v = 1, 2, .., N} dong thoi bang khong hay ndi cach
"
khic gradién cua phiém ham:

aJie) dJiet
viier = o ) =0 (3-197)
) .'J(t] {JCN

hiang khong. Dieu kién (3-197 la digu kién can. Viée xac dinh diédu kién du sé

phitc tap va nhigu khi khong can thiét. Thong thudng tu diéu kién bai toan
cd thé xdc dinh cuc tri 1a cue dai hay cye ti€u. Truong hgp nhiéu cuc tri. xac
dinh cye tri toan bo 1a bai toan cang phic tap (da dé cip 6 muc II. 2.3.4)
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() bai todn thich nghi theo chi tiéu chat lugng (3-195)thi diéu kién tai wu
13-197) co dang:

Vdie) = Mx {V_ Qix, ¢)} =0 (3- 1945
aQx.cl JaQix, el :
ma V.Qix, ¢ = ( [ q ) ) i3-19%
”C| r-JCN ! ’

O (3-198) ta khong bigt gradién cta phiém ham VJie) ma chi biét "thue
hién" cia nd.

Buwve 3 Xdy dung angirit thich nghi
Bang cach chon ma tran 't} hay I'[n} phii hgp ta cd thé su dung cde

angorit ¢ hé téi uwu d€ cd angdrit thich nghi sau khi thay thé gradién cua
phiém ham VJie) bdi gradien cua cac “thuc hién" V.Qx, c).

Vi dy, angdrit thich nghi lién tuc 6 dang sau tit (3-19:3):

de '
T = - I'(t) V. Qx(t}, c(t)h, (3- 2000
ci0) = ¢,

va angorit gian doan (theo 3- 183):
c[n] = e[n - 1] - [[n]lV Q(x[n], ¢[n - 1] (3-201)
C[OJ = €,

hoac dudi d;)ﬁg sai phan:
Ac[n - 11 = - T[n] V.Qx[n], efn - 1] ©(3-202)
hay dudi dang cua téng:

n

cin] = c[0) - ¥ I'im) V., Q(x[m}, ¢[m - 1t (3-203)

m=] .
Litu ¥ 1a trong trusng hop ciia hé thich nghi khi ¢ = e”:

V. Qix,c™y = 0. t3-204)

Do dac diém nay ma cin co cac didu kién nhat dinh dai véi Fln] se noi

dén sau. 8o dé khoi d€ thye hién angérit (3-201) nhu & hinh 35180 sanh véi

h.3-83b, sy khac nhau la § ché trong trudng hop sau, dé xac dinh gradién

cua cac thue hién V, Qix,e) can od théng tin trong qua trinh lam viée b cho

lugng thong tin ban dau « . thigu, Lugng thong tin dy tir trang thai x cda
hé thong.
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So sanh (3-200) vai (3-41), (3-47) ta thdy (3- 200) la dang tdng quat.
Trong truéng hop cu the T(t) & (3-40) hay (3-47) 1a nhiing tri 56 hing: y, y
v vectd thong 86 ¢ = « trong trudng hep dau va ¢ = 1 & trudng hop sau.

Uele acfn-1]

N
I

Hinh 3-84.

clr-i]

O hé cuc tri o tin hiéu tim, ta cd the mo ta gradién cta phiém ham chat
higng dudi dang:
Q.(x, ¢, a) - Qix, ¢, a)

V. Qix, e a) = . (3.206)
- 2a

méa Q. (x, ¢, a) = (Q(x, ¢ + ae ), ., QiX, ¢ + aey))
\ (3-206)
Qix, ¢, a) = (Jix, ¢ -ae ), .., Qx, ¢ -aey)]
e la vectg goc. Trong truding hdap gian don:
e, =(1,0,.,05e, =10, 1, ., 0., ey = (0,0 ..., 1) (3-207)
Ung voi angérit gian doan (3-201) angdrit cia hé ¢d tin hiéu tim co dang:

clnl = ¢[n - 11 - y[n] V., Qx[n], ein - 1], a[n]D (3-208)

x[_—n;‘D Q(x[ﬂ])c[n—.f})a[n] [ “hq);o :DT{”J

Hinh 3-pgs,

204



Ude Judng xap xi (3-205) trong trudng hop nay duge thue hién bang co
ciiu tach song dong bo. Nhu da néu 4 muc {I1.2.2, phan III tin hiéu tim c6 thé
oo dang bdt ky, & day, dang song chit nhat dé dé mo ta va quan sit. So da
hé cue tri ¢d tin hiéu tim da nghién ctu duge mé ta tong quat nhu & h.3-85.

o) phuang phap tich song dong bo, dau ra cia bo loc, cd ffﬁ Qix, ¢, a).
O truong hap nay bo chuyén ddi lan lugt tac nén cdc bién ¢ + ae, va thanh
phan V__ Qix, ¢, a).

H.4.2. DIEU KIEN HOI TU CUA ANGORIT THICH i

Khai niém vé hai tu cd:
1. Héi tu theo luat phan bé con goi la héi tu Bernoulli:

c[n] = ¢ néu mat do phz‘m b6 ¢{n] tién dén mat do phan bé cua ¢*
(v6i cung tri s6 trung binh).

2. Héi tu theo xac sust:
cfn] = ¢ néy

lim P {leln] - ¢* | ¢ }=0 (3-209)

- o
3. Hoi tu véi xac sudt bAng mot:
en] = ¢* néu:
P Al im e{n] - e*| = 0} = 1. (3-210)
In—cw
4. Héi tu quan phuung:
cin] = ¢* néu:

im M { |c[n] - e* [}

n—=x

0. (3- 211

Hoi tu quan phudng lién quan véi vige tinh mémen bac hai, gidn don, va
mang y nghia vé niang luong. Do d6 tuong déi phd bién.

Vi ¢[n] la vécta ngau nhién nén hoi tu cda ¢[n} dén c* cing la qud trinh
ugau nhién. Hoi tu cta angérit thich nghi tuong dusng véi tinh 6n dinh cia
hé¢ dude mo td bang cac phuong trinh sai phan ngau nhién hay phuong trinh
vi phan.

bBé& angorit thich nghi (3-200);

¢[n] = ¢[n - 1] - T'[n} V.QixIn], e[n - 1) hoi tu qua: nhugrg hay xac
sudt bang mot thi digu lién du la:
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1- Khi chuan clia vecid
il e || tang thi

dJiey = M {Qix c)} tang
khéng nhanh hon ham parabén.

Theo do thi trén h.3-86
dieu kién 1 la didu kién ma
Jicy khéng roi vao vung gach
soc dng vai grad Jic) khong

qua 1én.
2- Cac¢ phan td etn ma
tran chéo I'[n] théa méan cac

Hinh 3-86.

ditéu kién Robbins - Monro. Trudng hop angorit gian doan:

al »Inl > 0, (3-212)
b S oydn} = e (3-213)

n=1
e Syin) < w v=12 ., N (3-214)

n=1

Truong hgp angorit lién tuc:
al ity > 0, (3-215)
b T};lt}dt = oo, (3-216)
g
o) Ty:lt)dt < o, (3-217)
0
bieu kién a) cho ca 2
] trudng hogp la dieu kién dé
. \s<3’”(f) phan hoi 1a am khi cue tri
¢ S la cyc ti€u (néu cuc tri la
\ /_/—/CL’T C vt s a .
N cct) ceuc dai thi dau & vé phai
\\ o —— 7 — cua angorit lién tuc hay
~ 1| \ angérit gidn doan dang sai
S !_ phan la dwong). Digu kién
4 b} bao dam qua trinh =xde
dinh théng sd t5i vu khong
Hinh 3-87.
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k& hue qua sdm nbu ¢ duang diit nét d h.3-87.
biéu kién c) tudng ting vdi y(t) glam dan theo thai gian - {t) tuong duong
vai hé 56 khuéch dai trong mach thich nghi, hé s6 khué&eh dai 19n, con c6 hau
qua la sé khuéch dai 4nh hudng cia nhiéu. Do dd y(t) giam dan theo thai gian
véi muc dich giam anh hudng eta nhidu nhu 6 h.3-87 :dudng lién nét).
Bé ¢[n] ti€n dé&n ¢" vai xAc sudt bang 1 thi didu kién can la:
lim y[n] ¥V Qix[n], ¢[fn - 1]} = 0 {3-218)

N
Vi qua trinh 1a ngiu nhién nén V Q(x[nl, ¢*» = 0 do dd y[n] tién dén
khéng khi n tang nhung khong qua nhanh nhv yéu ciau b da dat ra.
bDieu kién y = const nhu & 13-40), (3-47) chi ap dung trong trusng hop
hé khéng co nhidu. Thoa man Vy e
digy kién Robbins - Monro la:

i
v[n) = . trong trudng hap gidn N AN

doan nhu & h.3-88, dusng 1. AN AN @
Tét nhat 1a dudng 2, chi giam ~ >
d giai doan sau nham tang téc

] “~
O S
. e
d6 bién d8i cua elt) & thii gian \‘ TRTHF
] -

dau Jac con xa thong s6 toi vu

*

v i 2 3
Hinh 3-88,

Angorit 161 wn

Van dé dat ra la, liéu vai didu kién Robbins - Monro, ¢d thé chon cac
phan td 3 [n] hay y (t) sao cho angdrit trd nén téi wu khéng?

Bay git dung chat Juong la tri s6 trung binh cia chénh léch vécto efnl
hay ct1} so vdi véctd toi vu ¢’ chua hiét.

. 1
Vin] = M {5 teln] - ¢*)® }—= min (3-219)
cho truong hgp gian doun va
- i 5 :
Vi) = M {;(cl’t) - ¢*1*} = min (3-220)

cho trung hop lién tuc. V< 1a phuong sai - do tan caa ude luong,
Ta daung ky hiéu:

cfn] - ' = ynl. (3-221)
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xfn] - ¢" = &{n] - nhiéu (3-222)
viil ditu kién cta nhidu:  M{{[n]} = 0. (3-223)
thi ¢’ = M {x[n]}. (3-224)
Do dd angérit thich nghi védi chit lugng V© cue tidu la:
¢[n] = ¢[n - 1] - y[nlic[n - 1] - x[n]} {(3-225)
Thém c* vao hai v& cia bifu thdc trén:
e[n] - ¢ =¢[n-1]-c"- yinlte[n - 11 - ¢ - {(x[n] - ¢ (3-226)
Theo (3-221) ta co:
yinl = yln - 1] - y[nliyln - 1] - ¢(nD)
= (1 - y[nDhyln - 11 + y[n] &[n] (3-227
Nhiéu £ ¢6 tri s6 trung binh biang khéng theo (3-223) va phuong sai:
M{Z%[n]t = o~ (3-228)
Vi § va 5 khong tuong quan nhau, nén:

Miyn - 1[nl} = 0 va tu {3-227) ta cd;

Vol = (1 - »[ahHVin - 1) + » [nlo? (3-929)
. dV-{n] ,
Tiu diégu kién ~ = - (1 - v[n]} V-[n - 1] + y[n]o2 =0 {3- 230}
. Vin - 1]
ta co: +'[n] = (3-231)

V[n - 1] + o°
Thay thé& tri s6 t6i vu tir (3-231) vao (3-229):

3

o’ Vin - 1] o

Vi) = [ | VI U [

ot Vin - 11 + V[n - 1167 .
- : . (3-232)
(Vin - 11 + o9)?
a*Vin - 11

Vin - 1] + o~

Tu dd rut ra: V-*[n] =

= »*[nlo? (3-233)

T (3-233), sau khi chia cho V[n - 1] & tif 36 va mAu s& cudi cung ta ca:

1
+*[n] = . {3-234}
O.L
1+

Vé[n - 1}
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_ o° 1 a*
Theo (3-233): . = =1 + —
V<'Inl 3 *[ni Vén - 1]

T (3-235) ta o the suy ra cic biéu thie tuong tu:

O': O':
; =14 >,
V<|n] Vin - 1]

()'2 0'2
—_— =l e
Viin - 1] Vin - 2)

- o°
Vin - 2] Viin - 3]

o a?

=1+
V1] V2[0}

Bang cach thay thé bigu thie dusi vao biu thic trén ké can, ta cd:

20 [onn

Vil VA0
Tu (3-233):
V*2[n] 1
s T v
Vio)
Nhu vay, ta da ching minh, ton tai trj s6 t6i vu cia ¥ {3-231), tuong
ing v4i chit lugng t6i wu V2*(2-233) cing nhu méi lién hé cia +v* va cudng

{3-236)

v[n] =
n +

d6 cia nhiéu o.
Néu khong cd digu kién ban dau vé binh phuong cua sai léch, ta ¢d the

_ 1 2
1y tri s6 V2{0] = o lic bdy gis v*[n] = - va Vi(n) = % nhu da ndi trén va
J h.3-88. Angérit (3-225) trén =& ¢ dang:

¢in] = e[n- 1] - % iefn - 11 - x[n]). (3-237
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i.4.3. UNG DUNG PHUONG PHAP TONG QUAT PE KHAO SAT MOT SO
BAlI TOAN KHAC NHAU THUCONG GAP

Nhit trén da néu, phuong phdp téng quat [38, 39] d4 bao gdbm duge nhiégu
bai toan thich nghi khae nhau theo mot quan diém théng nhat, dé hidu va
di dude danh gid cao [21] Didu do cing da thdy rd trong nhitng vi du néu d
phin nay Nhitng vi du ¢d nhigu, dusi day chi néu mét s6 bai todn khdce nhau
thudng gap.

11.4.3.1. H& hoc cé chi dan

It van i

i3 toan nhian thde 14 bai toan chung hinh thanh trén co sd cac bai toan
vi'ng nhu nhan biét v& hinh dang (36, chit, cdc hinh &nh gian don) v& am
thanh (tiéng ndi, tiéng 6n) chén doan bénh tat va héng hde. Nhan biét cd thé
1y ra bang hai phuong thie: hoe ¢ thay day ma biét va ty hge ma bhigt. Muc
nity d@ eap dén phuong thie thid nhat nén cd tén hé hoc cd chi dan.

Nban biét 1a budge dan tién va quan trong cia xd ly thong tin nhd vao
cace gine quan e eon ngudi va thigt bi. Dau tién con ngudi nhan bidt vé db
viit, =uu tlo, quan hé gioa cac do vat, cing nhu giua ching va con ngudi, tic
I3 nhin bict vé hoan canh. Cudi cing con ngudi nhan biét vé su bién déi clia
vac hoan chnh, tite 1A nhan biét v hién tugng. Digu dd cho phép con ngudi
kham phd ta cde quy luat; wa du bdo trudgc nhitng hién tuong sé xay dén,
rung quy ludt ciua ching.

T khong dé cAp van d2 so sanh kha nang tu duy cia ngudi vi may, (nhu
5 hinh vite chdi e8, so sanh "Deep Blue" va Kasparov) khong phai vi con 1a
van dé dang ban cai ma 1a vi cdch dat vdn dé nhu thé& 1a khong hgp quy luat.
May mde lam tang' kha nang vat 1y va sau dd 132 kha nang vé tri tug, trong
trudng hop ngude lai thi may mde da khong duge ché tao nén!.

O muc nay sé dé cap dén vén d& nhan biét vaA phuong phap thich nghi
d& giai quyét van dé nay cd hiéu qua. Dong thai nhidu angérit hoc nhan biét
khac nhau duge xay dung theo trye quan hay suy doan, duge chiing minh la
trutng hgp ca bidt cta angérit thich nghi nay.

Nhiém vu c¢o ban cta bai toan nhan biét 1a chi ra déi tugng dang duge
xét dén thude 16p nao, ma noi chung 1a cdc 16p 8y cing chua xde dinh trude,
Dic trung cia mét ldp, mot loai ndo dd cta d6i tugng la cai gl chung nhét,
iong nhau nhat - dd la hinh dnh. DE giai ql.‘lyé't bai toan nhéan bidt, trudc
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fién phai day bang cach dua ra nhitng hinh anh thuée lap nay hay lép khae
di biét.

Mue dich dat ra khéng phai 1a so sanh nhing ddu hiéu cta déi tugng véi
ddu hiéu cta l6p nay hay 1dp khac da biét trude nhu & cde may doc chii chudn,
cac thi€t bi kiém tra va phan loai san phdm ma chi khao sat truong hep, khi
ma dac difm chung cia cac d6i tugng thude 16p nay hay lép khac la khang
thé xde dinh duge, mac dau né van ton tai moét cdach khach quan.

2. Angirit hoc cd chi déin

Ta dung khai 4 X
niém hinh hoc sau:

N

Méi d6i  tugng
cung véi dac tinh cia
no dudc thé hién bang

mot diém trong khong
gian nhiéu chidu nhu
& h.3-89. Hién nhién
la nhitng d6i tuong
giéng nhau tuong ng
vdi cde digm gin nhau
va cac 16p =€ phan biét
dé dang néu cdic di€m

don lai theo titng

X,

vung riéng ré.

Bai todan hoe nhan Hinh 3-a6.
dang hinh 4nh la bai todn xdy dyng mat phan cach, chia khéng gian nhiau
chiéu ra tung viing, tuong Gng véi tung 16p khac nhau sao cho sai léch theo
mét nghia nao dd la nho nhit.

Vigc xay dung mat phan cdch duge thyc hién biang cdch dua ra mot sé
hinh anh cia cic d6i tuong thude vé cdce 18p ay. Viéc nhan biét dudge danh gia
sau qud trinh hoc bing cach dua ra mot d6i tugng mdi khong biét thuoce lap
nao, thi két qua sé duge thé€ hien. Hai budc 4y 13 hai budc "hoc" va "lam" cla
hé hoc cd chi din. Mat phan cach duge mo ta bdi:

y = f(x), (3-238)
X - ]a vécto dac trung cho hinh anh,
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y - la dai lugng xdc dinh lop d6i véi cac hinh anh da dua ra.
Co thé dat digu kién cho mat phan cdch mang tinh chit nhu sau:
sign f(x) = ; LnfaxeA (3-239)
l -lnéux €B

Mat phan cdch y = fix) ndi trén {2 mat phan cach Iy tudng, hay ndi cach
khac, & bai toan hoc ¢o chi dan, thi dd 1a "chi dfn cta thay giao”. Bang phuong
phap ngoai suy hay bang phuong phap x4p xi, c6 th€ x4y dung mat phén cach:

? = fix, ¢ (3-240

Bang phusng phap thich nghi, vecto thong s6 ¢ s& ty chinh dinh sao cho
mat phan cach x4p xi (3-240) sé tién dén mat phan cdch (3-23’55] theo mot
¢hi tiéu danh gia sai léch nao do, do 12 mot ham 161 vi du. Fiy; t (x, ). Bai
toan mang tinh chdt ngiu nhién nén chi tigu chit lugng la:

Jie) = M {F(y); fix, e} (3-241)

Xdp xi t8t nhat tuong ting voi vectd € = ¢ va phiém ham J{c) cd cue

tidu. Trong nhidu truong hop (3-241) 6 dang cu thé hon:
Je) = M {Fty - f(x, &N} (3-242)

Vi mat do phan b6 ctia p(x) chua biét nén dé xac dinh x* chi ¢ thé dung
cAc thue hién riéng lé tir viee dua ra cac hinh anh cta déi tugng trong budc
"hoe".

Ham x4p xi ed thé duge chon duédi dang mét tdng hitu han:

fixe) = S ¢, pix) = ¢'pix) (3-243)

ey
ma ¢ - vectd thong s6, p(X)- vectd cac ham doc lap tuyén tinh.
Nhu vay budc thit nhdt - xdc dinh chi tiéu chit lugng (3-195) da ditge
thuc hién.
Jie) = M{F(y — clpix)}, ' (3-244)
Vi phi€ém ham (3-244) khong thuc hién duge bang phuong phap giai tich,
do dd cuc tidu cua J(e) sé duge thue hién bing cach do cic gradién cua "thue
hién" theo diga kién t6i vu & bude hai (3-99):
Ve = - M{F(y - ¢'px)p(x)} =0 (3-245)
Va bude 3- xdy dung angorit thich nghi trén co s8 st dung didu kién t6i
uu {3-245) - phan bén trong caa ddu ky vong toan. Theo (3- 201) ta ca:
¢[n] = cfn - 1] + y[n] x F'{yln] - cl[n - 1llpxn]))e(xin)) (3-246)
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D6 1a angorit hoc. Angérit (3-246) sé xac dinh vectd t&i wu ¢ = ¢ va
mat phan cach t6i vu f*(x, ¢*t khin = =.

‘ :‘A(x[n])=cr[”“']w{x_[”])
x{n] ) . %
p— wlx) Fe.)
rl]

Hinh 3-90.

Tuy cdch chon chi tiéu chit lugng khdc nhau, cach chon ham xdp xi khac
nhau, cach chon ma tran I'[n) noi chung khdc nhav ma co cac bién dang khac
nhau cia (3-246) khi khéng dung tin hiéu tim cung nhu ¢ tin hiéu tim. O
h.3-69 co so da thuc hién angorit (3- 246). '

¢ 1
2 ~FC)
\\

T

Hinh 3-81
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Qua tiinh hoc la qua trinh dya theo hinh anh cta d6i tugng & dau vao
xin] ma "thay gido" ¢d quyét dinh:
1 khix € A
-1 khix € B
dong thoi cing 1a qua trinh hinh thanh mat phan cach t6i vu ﬁx,c*). Khi qua
trinh hoc k&t thue, véi hinh 4nh clda cde d8i tugng & dau vao, ta cd dap an
theo sign fix,e’).
S da khai trién cua (3-246) nhu d h.3-91.

sigh y =

F't.t 1a khéi thyc hién |4y dao ham,

Vi du: d{c) = M{e’},

thi F{) = M{2e} dugc thuc hién bang hé s6 khuéch dai K = 2.
néu; Jley = M {Iel },

thi: F’(.) = M{sign e }dugc thuc hién bing role 2 vi tri,

Cdc phan td
khac la cdac bd
&n d8i ham
pix), khugch dai  x[n]

!
vé hé 56 bign doi pix) f,
¢,, bo nhan, cac
bé tich phan gian c [n -1]
doan. —— = — |
Ang()rit Hinh 3-8%2.

(3-246) va sd d% thuc hién (h.3-90), tuong dng v6i PERCEPTRON [1, 38].
Angdrit nguyén thiy PERCEPTRON ciic ROSENBLATT c6 dang saw:
c[n] = e[n - 1] + y[nl(y[n] - sign cin - 1lpxp(x(nl)  (3-247)
tuong ing vdi so d6 khdi nhu & h.3-92.
May hoc ADALIN (phan t thich nghi tuy&n tinh) 1a phudng an t6i gian
ctia perceptron. O dau vao cta Adalin la vécto:
x(n]l= (1, x,[n], ..., xyInl, (3-248)
ma ching & xdc dinh moi hoan canh co thé véin = 1, 2, ., 2N, Cde hoan
cinh nay chia lam 2 l6p tuong ung véi: y = &= 1,
Né&u chon ham x4p xi dang:

‘p:s(X} =1,
e (x) = x,; v=1,2 ... N.
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thi cdc b bién déi ham nhiéu bién khéng can nita. Néu diung phi€m hiue don,,
binh phuong thi role 2 vi tri nhu & h.3-92 ciing khong cén nda va angormt
Adalin nhu sau:

cln]l = e[n - 1] - y[n}ty[n] - ¢'[n - 1]x[n})x[n]. (3 24,
S0 db thuc hién angorit Adalin nhu 4 h.3-93. Théng thutng v{n| due.-
Ya

chon 1a mot hang +(n] =

N +1
Cdec dang khac nhau cia angérit hoe ¢ the xem & bang 4-1 va 4-2 |34],

Hinh 3-93.
111.4.3.2. Hé tu hoc
I. Dt viin d¢

Tu hoe 1a hoc khéng cd chi ddn tif ngoai vé dap ving cua hé théng la dang
hay khong ding khi cd hina anh dua vao. Thoat tién, d& nghi ngay la diéu
Ay khéng thé cd duge vi hinh anh cén phan loai ¢d bao nhiéu la ddu hiéu khic
nhau, con hé théng thi khong thé quan tam ddu hidu ndo, loai bd nhiung dau
hiéu nao. Lidu hé thdng cd thé doan dude sy phan leai ma ngudi thigt k& nghi
ra chang? Mat khac liéu s¢ phan loai cua hé ¢ lam cho con ngudi thoéa min
khéng?

Thue ra khi nghién cidu ky bai todn ta thay rang ngudi thiét k¢ ngay tir
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dau da gidi quyst nhiéu van dé cho hé théng roi. Dau hiéu d€ phan loai trudc
hét la dude xdc dinh tit viée chon cac cam bién. Néu cam bign la nhing phan
tit quang dién thi ddu hiéu dé phan loai la hinh dnh, kich thude chi khong
phai la mat do hay trong lugng cia vat. Vay thi trén co sd ndo xay dung hé
1t hoce?

Gia thiét rang tap hgp nhing hinh Anh X bao gém nhiing tap hgp con X
tréo nhau tudng ung véi nhing ldp khdac nhau dac truag bdi vecto x. Dung
b, dé chi xdc sudt xudt hién hinh anh x tir tap con X va pix) = pix/k} -
mat do phan bé xde sudl oo didu kién cia vectd x bén trong 1dp k tuong dng.
Mat dd phan bd xic sual o didu kién p (x) ed cde dai 6 "tam” cua 16p k thuédce
tap con X, nhu & h.3-94,

Mat d6 phan bo xac sudt hén hop:

M
pixt = ¥ P pix) (:3-250)
kol
chia  dung
toan ba R
o ppix)
lugng thong

tin vé cac
tap con. Bai
toan tu hoce
thuong dan
dén bai todn

phue hoi
mat do phan

bha xdAc suit
hén hgp va ;
xdce dinh cac

Hinh 3-94.

"tam”, theo
dd xdc dinh bién gidi cta cdc lép. Trutng hop thuan loi 1a bién gigi co dang
cac mat tring. Bai toAn sé don gidn hon néu cd trudce nhirng thong tin ban
diau nhu hinh dang cia mat do phan bd cd dieu kién (nhu phan bd chuin
chang han) va ching khac nhau § cac trj s6 trung binh. Vdi diéu kién nay co
rdt nhiéu phuong phap phan loai khong can dén chi dan tir ngoai vao.
Mat d6 phan bd hén hgp duge xac dinh bl (vil k =2
pix) = Pip,(xv + Pypix? 13-25D

va mat phan cdch tudng dWng voi:
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fix) = Pipix) - P.p,ix) (3-252)

vi fix}

Mat do phan bé xdp xi duoe xac dinh bai:
p(x,ab) = a'p(x) + blypix, {3-253)

4 day a, b 1a cic vecto thong s6, p(X) va yix) 14 cdc ham tryc giao. Nhu vay
mat phan cdch xdp xi cing cd duce tir ditu kién:

fixab) = alpixi - b'ypix) 13- 254,

Cdc vecto a va b can xac dinh sa0 cho pix) tién dan dén pix).
2. Angérit tie hoco

Ti cach dat van dé trén, chi tidu chat lugng duge xac dinh bei:

Jia,b) = [ Ipixy - ﬁ:x,a.b}]ldx - min {3-258)
X

o
Khi a = a*, b = b* thi phiém ham trén la cyc tidu.
Diéu kién t6i wu theo i3-198) la:
VaJiab =0
Vh Jia b 0
Cu thé. theo (3-255) va (3-253) ta og:

Vi dab) = - 2 f oo fpix) - pl(xa - plxibldx
bt

Il
fue=]

" s 13-256)
Vi, dtab) = - 2 [ yux) [p(x) - plxa -y xobldx = 0
X

hodc:
- Mipxn + [f px plidxla + [ pixip'ix) dxlb = 0
X X

. . {3-26T
- Myt + [f pix plixidxla + [ p(x0 ¢ lix) dxlb = 0
X %

Véi pix) va yix) 12 cac vectd ham true giao chufn:

e plixdx = Sy tixidx = | 13- 2b8)
X X
ta rut ra: M{pi{x}! = a + Gb

. (3-259)
M{yix)! = G'a + b

T bieu thite tha hai mit va:
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b = M{px)} - G'a (3- 260"
vi thay b vao bi€u thdc thu nhat:
M{pix)) = a + GM{yx)} - GG'a

= [I - GG'la + GM{1(x)) (3-261)
Tu do ta xac dinh: a = UM{px} - Gyixi}, (3-262)
va tuung ty ta xac dinh:
b = U'M@px) - Glpix)}: (3-263)
& day U=1[-GG'T; ' (3-264)

G

Bidu thic 13- 262) va (3-263) sau khi d6n vé mét phia va ap dung lay tri
»0 trung binh:

[ oxyptxidx ; G = Jyx olixdx  (3-265)
¢ P

M {a - Ulpx - Gpixi}} = 0, i3-266)
M (b - U fyixi - Glptxil} = 0. (3-267)
Luu v cac bidu thie 13-2661 va (3-267) la két qua bién déi cda dieu kién
toi vu (3-256) do d6 ta cd thé xdc dinh angorit thich nghi theo (3-201%

a[n] = a[n - 1] - r11 {a[n - 1] - Ulgx[n} - Gyix(n}]} (3= 268)

b[n]

{1

1 N N _
bln - 1] -—{b{n - 1] - Ullypx[n] - Glptx[a)l (3- 269

Sa do thuc hién angorit 13- 268) va 13-269) nhu & h 3-95.

Hinh 3-95.
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. 1
O day y[n] = — theo diéu kién t6i vu cua y 13- 236).

f(x a,b) co duoc ti diéu kién 13-254) trong khi chi tiéu chat lugng duge
hinh thanh theo mat d6 phan bs hén hop.

Angorit tu hoc khdc angérit hoc (3-246) ¢ ché, thay vi mét vectd angérit,
& day co mdt -ap vecto angdérit (3-268) va (3-269) tac dong thay the¢ nhau
{h.3-93) tuy thuéc vao dau cia ham phan cich f,{\x,a,b} ma théng s6 a, b sau
moéi 1an dua ra hinh anh x s& tién dan dén tri sd t86i wu a*, b*. Chinh disu
ay bu dap cho sy vAng mat cta chi din y nhu 9 hé hoe. Mat khac, vai tro dn
cta cht dan tdn tai ngay trong chi tiéu chat lugng dat ra con goi la ham phat,
Nhu da thdy, mat phar cach dude xac dinh ngay tir ham phat.

Angérit hoc va tu hoc khi phong phu [5, 38, 39] pham vi ing dung cua
ching tuy thudc vao thai gian ‘tap dugt” cia chung dai hay ngan, muc do
chinh xdc cha ching khi cd tac dong clia nhidu nhu the nao, mue do phuc tap
trong thuc hién ra sao. Vi du nhu, d6i vdi cac khéi bidn déi ham pix), mot
mat can ¢ muc d6 xdp xi tot, mat khac can gian dan trong thuc hién.

Néu trude day nhitng may hoc va tu hoc da thuc hién dude nhitng chuc
nang qua déi ngac nhién d6i vai con ngudi thi ngay nay nguyén tac hoat dong
cua ching duge giai thich qua nhimg trutng hap riéng cta angédrit hoc va tu
hoe. Nhung khd khan vin ton tai 6 ché o dude mot phuong phdap van nang
d€ tim nhitng binh anh cd ich d& hé cd th& nhan bist duoc.

1.4.3.3. Bai toan nhan dang

1. Khii niém chung

Nhan dang la bai toin xdc dinh dac tinh cta déi tugng didu khién va cdce
dac tinh cla tin hiéu tic dong vao déi tuong diéu khién.

O bai toan tien dinh, tdc déng va dac tinh clda déi tuong duge xac dinh
trén co sd khao sat, phan tich hay thue nghiem. O bai toan ngiu nhién, cdc
dac tinh théng ké cta tin hiéu tac déng vao do6i tugng {mat do phan bs, ham
riong quan, mat dé pho v.v...) duge xac dinh trén co sd gia comg s6 lidu thuc
nghiém con dac tinh cta déi tuong didu khién (cac phuong trinh, cdac dac tinh
thoi gian v.v..) duge xde dinh theo cac phuong phap thing ké sau khi da gia
cong s8 liéu thuce nghiem.

O cac bai todn thich nghi phucng phdp nay khaéng thé dap dung vi no doi
hoi nhan dang véi tic déng vao dang dac biét, doi hdi thai gian guan sat va
gia cong =6 liéu lau, trong diséu kién cta phong thi nghiém, trong khi & cac
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hé thich nghi nhiing viée iy phai duge thuc hién trong diéu kién hé dang van
hanh.
Nhan dang ¢6 hai ndi dung:
- Xac dinh cdu tric va thong 36 cua d6i tugng, dd la bai toan hop den.
- X4ac dinh théng 36 déi tugng khi cdu triae cho trude, do 14 bal toan hop
xam. Chi can mot lugng théng tin khong 1én 1am vé cdu trde cta dé6i tugng
thi bai tean da don gi:’m di rdt nhisu. O day ta quan tam dén nhiém vu thu
hai. '
Bai toan nhan dang sé duge khao sdt theo quan di€m cda bai toan hoc
di néu trén.
2. Xdc dinh dic tink phi tuvén tinh
O day chi néi dén cae khau phi tuyén tinh don thuin, khéng cd quan
tinh, trong trudng hup chung cd thé nhigu dau vac va mét dau ra.
Xsdce dinh dac tinh cua phian tir phi tuyén
y = fix), {3-270)
dan dén viéc phuc hoi ham fix) theo tin hiéu vao x va tin hiéu ra y.
Ham fix) cd the xdp xi bang téng hitu han cda cic ham tuyén tinh ¢lpix)
nhu di thuc hién déi véi hé hoe. Ta co thé xde dinh duge angdrit thich nghi
theo kiéu perceptron ma “"chi dan” y la diu ra cua khau phi tuyén tinh can
xot.
Trong nhiéu trugmg hap, hinh dang cua dic tinh phi tuyén da biét, chi
can xdc dinh vécto thong s8 cia nd, lic bdy gio dac tinh xdp xi ¢é dang:
fix) = £ (x,c). (3-271)
ma ¢ Ja vécto thong 56 can tim.
O bude 1 - ham mue titu duge xac dinh nhy sau:
Jiey = Mx{ Fiy - f (x, en} 13- 272y
Budc thi 2: Disgy kién toi vu xac dinh theo (3-272x
V. Fiy - fixen = - Fliy - fixe) V fx,et = 0 13-273)
v bude cudi cung: Xac dinh angorit
c¢[nl = ¢[n - 1] + ¢[n]F'(y[n] - f ix[n], e[n - 1))
LoV faxnd eln - I (3-274)

cho trugng hgp gian doan, hoac:
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delt) _
g = MU P - &b, et VL,

cho trudng hop angorit lién tue.
So dé thuc hién angorit (3-275) nhu ¢ h 3-96 cung nhu ¢ cac trugng hgp

(x(t), c(t) (3-275)

1 - .
trén, néu Fly - f.ix, ¢)) =3 by - fix, €)= thi F'(.) = 1, duge thue hién

bang moét khau khuéch dai véi hé sd khugch dai la 1.

T £ (2,0)
f = f(.x‘)
(i) ¥ - ()
Ll bz c) FO)b— ¥t —
(—)
Hinh 3-38a.

Néu Fiy - f(x, e = [y - f(x e | .
thi F’(.) = sign(y - f . (x, ¢)) dugce thuc hién

Yex)
bing role 2 vi tri.

Trong trudng hdp gian don, néu f(x) §=kx P
nhu & h.3-97 va cd thé ding mé hinh gian \/V -
dan bang mot khau khuéch daj co hé s6 K -
bién ddi duge thi K* ¢ thé nhu § dutng - x
ddt nét trén h.3-97. DG la trudng hop udc -
lugng hé s6 tuyén tinh hda théng ke ma khi Hinh 3.97.

phan tich théng ké cdc hé phi tuyén, khau
phi tuyén dugc thay thé bang khau tuyén tinh véi digu kién 1a phai biét mat
d6 phan bd cia tin hidu ditng ¢ dau vao. O day diéu dé 1a khéng can thiét.
Angorit thich nghi ude hong hé s6 tuyén tinh hoa théng ke la:
dk(t)

arrale y(t) F(y(t) - kit)x(t)} x(t. /13- 276)
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3. Nhan dung cdc dé'i tiwong phi tuyén tinh
Hénh +i eGa cdc doi tugng phi tuyén tinh ¢ thé mé td dudi dang:
a. phitong trinh sai phan phi tuyén tinh bac I:
x[n] = fix[n - 1), .., x[n - 1}; uln - 11, ., uln - 1, (3-277)

ma x[n] la lugng ra, u[n]- lugng vao.

b. hé cac phuong trinh sai phén phi tuyén tinh bic meét:

x[n] = fix[n - 1], u[n - 1] {3-278)
ma x[n] = (x|[n), ..., x/{n],
uln] = (u[n]. ..., u,[nl},

la cdc vectd tin hiéu ra va vao cla d6i tuong.

Cac phudng trinh sai phdn nay tudng dUng vdi cdac déi tugng lién tuc duge
diéu khién bang may tinh hay cde co cdu xung. V6i nhitng diéu kién nhat
dinh chung ¢é th€ xem nhu mo td gan dung cdc hé lién tuc.

Ngoai cac phudng trinh dang sai phan hay vi phan, cd khi cdc déi tuang
phi tuyén tinh dude m6 ta bing chubi Volte:

x[n] = ¥ kjlmluln - m] + 5 3 ky[m;m;luln - mpuln - m,] +
m=0 myp=h ma=i

+ 3 . T kJIm, .. mJ un-m}.. un-mij+ .. (3- 279
l“1=|] I"I'IH=U
{3-279) ¢o thé xem nhu chudi Volte gin diung néu thay th& dau téng bang
tich phan con céc bién thay thé€ bang dang lién tuc, N&u chi gidi han véi thanh
phan thu nhét, ta cd phuong trinh coa hé tuyén tinh.
Nhan dang cdc déi tugng déng hoc |a phue héi ecde phuong trinh cia d&i
tugng theo tin hiéu vao va ra.
Ta sé nhan dang d6i tdgng phi tuyén tinh moé ta theo (3-278) thusng
diuhg vi 6 nhidu thuan tién,
M&i thanh phan cta véctd ham f(x, u) duge xdp xi bing mét téng hiru
han:
~ N
f,(x, u, e) = ¥ ¢, p,(xu); (3-280)
T =1
wi=1,2 ., 1.
hay duéi dang véeto:
fix,u,c) _ p{x,ac , (3-281)
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ma  ¢xal = ||p,xa) || @ =1 .,Lv=1_.N)
:a ma tran cidc ham doc lap tuyén tinh.
Bai toan nhan dang d6i tugng dan dén bai toan cuc tidu héa ky vong todn
cua chénh léch:
Jie) = M {Fi(x[n] - ¢(x[n - 1], uln - 1De)} (3-282)
ma Fi.) phai 14 mét ham 16i. Ham Fi.) 1a kha vi nén dung angérit (3-201)
ma gradién cua thuc hién dudge xac dinh béi:
V. F{x[n] - ¢ix{n - 1], uln - 1)e) =
= ¢'x[n - 1Lufn - IDVF&[] - ¢ixn - 1], uln - IDe) =0 (3- 283)
va angorit thich nghi c¢6 dang:
c[n] = e[n - 11 + y[n) ¢ ix[n - 1], uln - 1HVF(x[n] -
| - p(x[n - 1, uln - 1eln - 1] (3- 284)
Khin » o, vecto ¢ = ¢*. Sd db udc lugng vécts t&i uu ¢* va nhan dang

ddi tuong fix, u) nhu d h.3- 98
U[!‘?J x[n]

2bi TUONG

V=[]

c[n-:J

<

V6i d6i tugng tuyén tinh, angorit thich nghi sé don gian hon. Déi tugng
duge mod ta bdi phuong trinh sai phan tuyén tinh dang:
I I
x[n] = ¥ ax[n-ml+ 3 b, u[n - m], (3-285)
m=| m=1

Hinh 3.03,

4. Nhin dang d6'i twong tuvén tinh
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ma mot 6 hé s6 a_, b co thé bang khong. Néu dung vécto thang sé:
va véetd trang thai z thi ham xap xi o0 dang:

flz.c) = ¢'z, (3- 287)
va cing nhu trén, sau khi thuc hién cdc bude xac dinh ham muc tiéu, xdc
dinh digu kién téi uu, ta cd angdrit nhan dang nhu sau;

c(n] = eln - 1] + y[n)F'&[n] - ¢'[n - 11z[aDz[n]. (3- 288)
Trong trugng hgp F(.) Ia ham parabon va 2y{n] = ——
|| z[n] [}
thi angorit (3-288) cd dang:
1 .
elnl =¢ln- 11+ (x[nl - ¢'{n - 1}Z2[nD z[n] (3-289)

l1 z[n]

va sg db thyc hién angorit (3-289) nhu d h.3-99 don gian hon (3-189) va
mang tén la angérit KACZMARZ.

uln] xfr]

B8 TUONG

2[7] |«
z[n]

;)
iz [n)|1#

Hinh 3-99,

Bai todn nhan dang, ngoai vaAn dé tdéc d6 hdi tu va chon ham ¢, (x), vin
d2 quan trong la sai sd cua udc lugng khi ed tac dong cdaa nhidu. TSc dé nhan
dang va sai s§ ludn lien hé nghich dio.

Bai toan nhan dang va perceptron hoc lién quan chat ché vdi nhau. Nhan
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dang theo phudng phap thich nghi ¢ thé giai nhitng bai toan véi muc dé eo
duge vé ludng thong tin ban dau khae nhau Cac angérit thich nghi ¢ duge
co thé duge giai bang cac cong cu mdy tinh s6 hay tuong tu, dd 1a wu viel so
vii phuong phap nhan dang dé rit ra cae "bidu thic chét” trong khi doi tugng
ludn cd thé thay dai.

Cdc mo hinh ddi tugng diung & bai toan nhan dang thuc chat la cdce
perceptron. phai chang d¢ 1a nhitng co cdu dé nhan dang hogp ly nhat.

i1l.4.3.4. Bai toan loc
1. Khdi niém chung

Thong thuang loc duge hidu la tdach tin hiéu e ich ra khéi nhiéu. Theo
nghia réng, loc bao gbm ca khai niém vé phat hién, tach rdi, phuc hoi va bién
dii tin hidu vio.

Xap xr° ﬁgc?a} nhien

Fe) oM {F(-J}

| NR——

5 o L st))

Hinh 3-100
So do khéi & h.3-100 phan biét cach giai quyst bai toan hoc theo phuang
phap thich nghi va phuong phap xdp xi ngiu nhién.

O day:
st} - tin hiéu cd ich.
fity - nhiéu
] - bd loc can xdc dinh ¢d dau vao

x(t) = sit) + fit)

B6 loc Lis(t)) 12 b loc 1y tudng vi & dau vao chi ¢d tin hiéu ¢ ich. Chuc



nang cua bo loc ¢6 thé nhu sau:
s

i =) - loc nhiéu don thuan
. sit + t.,} - bai toan ngoai suy - du dodn,
Lis(t)) = ¢
ds(t)
- ude higng dao ham,
dt
[.
I sturdt - ude lugng tich phan,

Né&u tin hiéu cd ich s{t) bigt duge va khéng bién d8i thi viec xay dung bo
loc t8i uu, tach dude nhiéu, khéng khd khan. Nhung khi digu kién lam viéc
thay d&i thi tinh chat t6i uu khong con nita. Nhu vay bo loc t8i wu khéng thé
xdc dinh duge, néu lugng théng tin ban dau ve tin hiéu vao la chua day du.
Chinh vi th& ma bai to:in xay dung b loc thich nghi ¢ kha nang lam viée
luon & ché do t61 vu khi digu kién lam viéc chua xac dinh (thay d&i tin hiéu
vao hay thay d8i ca cdu tric cia bd loc) la can thiét:

Bai toan xdc dinh théng s6 ti uu clia bd loc la bai toan cua Philips, con
bai todn xdc dinh ca cdu tric va théng s6 ctia bo loc 1a bai todn clla Wiener
- Kolmogorof.

2. Cifu triic bo loc thich nghi vi angirit tdng qudt

Tin hiéu ra cha bd loc thich nghi cd th€ cd dang téng hitu han cua nhitng
ham doc lAp tuyén tinh vdéi tin hiéu vao (h.3-101)

yit) = clp(t), (3-290)
va ety = (p(th, .., enit).
trong dd ety = [ K (mx(t - 7)dr, 7 ot ) -
0 xit) Kt Yy ()

K(t) = (K(b), .., Ky(t)

pt) = [ Kinx(t - 1)dr
il

) Hinh 3.101
Cau trice cta bo loc thich nghi cd th€ thye

hién theo ki€u song song (h.3-102a) hay néi tiép (h.3-102b}. O dé T 1a cic khau
tré. Phudng 4n b ¢ céu tric gian don hon, cac khau tré cd thai gian cré nhu
nhau duge sit dung dé€ cd rhing tin hiéu cd dd tré 1a béi s6 cua nhau.
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Chi tieu chat lugng daéi vdi bai toan loc nhidu don thuin cd thé xdce dinh
bdi phiém ham:

Jley = M{(s(t) - elp(t)?}. {3-291)

I({') T Lp’ T % * * = —E YN
Y
b) 2

Hinh a3.102

Tin hiéu cd ich s(t) va nhiéu fit} khéng tuong quan nhau nghia la:
M{s(t)f(t)} = 0 (3-292)
Diéu kién téi wu dude xdc dinh bdi:
Vo) = - 2M{(s(t) - c'p(tp(t)} = 0.
Angdrit thich nghi dang lién tuc:

dett) \ N _
TRl F(t)(slt) - c'p(t)plt) (3-293
fet) c(t)
sct) by ) Je-)es @ NP U:

Hinh 3-103
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Tuong dng vai angorit (3-293) ta o sd do khéi nhu 6 h.3-103.

Sa do khéi ¢ h.3-103 su dung tin hiéu ¢d ich s(t) d€ tao nén sai léch e nén
khong thé thuc hién dude vi & dau vao cta bd loc, nhidu va tin hiéu g ich la
khong tach biét duge (vi ngude lai thi da khéng can dén bd loc).

3. Loc thich nghi véi lwong thing tin ban diu vé nhiéu
Tin hiéu § diu vae caa bé loc
x(t) = sit) + fit) (3-294)

gom o6 tin hiéu cd ich va nhifu. Néu cd duge dac tinh théng ké cia nhifu
nhu tri s6 trung binh v ham tuong quan tuong dng voi:

M{fit}} = 0, (3- 295)
Ri(ry = M{f(t)f(t - 1)} {3- 296,
Theo (3-294);
st = x(t) - f{t).
Thay thé s(t) vac 13- 291) ta cd:

Jier = M{{x(t) - c'rgp(t) - f(t))* | = min

C
= Mixit) - '@ + M{f5i)} - 2M{x() - e'ptHfD)}.

Phan tich thanh phan cudi cing cha vé& phai phuong trinh trén:

M(x(t) - elp)t) = Mix(hHfit)} - M{e'p(t)f(t)} =

= R (0} + Ry(0) - el [ KEM{x(t - Df(t) } dr |
4]
g day et) = J K(nxit - 1)dr, Ry(0) = 0 theo (3-296).
i} :
Tit d6 ta rat ra: JRCT)
Jie) = M{(x(t) - e'p(t)°} - )
- RO + 2¢'r, 13-297

- R

ma  r; = [ K)Ryindr.
0

Y nghia cua cdc dai lugng rdi
rac r; nhu ¢ h.3-104. Tir (3-297) didu
kién tdi uvu la:

A8

T 27 3r
Hinh 3-104
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Vle) = - 2M{(x(t) - c'pioptt} + 2r, = 0. (2- 298)
Tu dd angérit lién tue e6 dang:

de(t)

= T - clpttNp(ty - v, (3-299)

So do thue hién nhu trén h.3-105.

X0t}

K(t) )

Hinh 3-105

O day, tin hiéu dua vao bd loc 1 tin hiéu do duge khac vai s(t) 1a tin hiéu
ca ich khong thé do duge & h.3-103,

4. Loc thich nghi vii théng tin bun diu vé tin hiéu cd ich

Néu biét duge ham tu tuong quan cla tin hiéu g ich:

R.(r} = M {s(t) s(t - 1)}, {3-300)

thi chi tiéu chit lugng ¢d dang:

Jier = Mi€stt) - el = Mis" () + M{lel p()]? }- 2M{clp(t) sit)}

Néu da biét: Mis=(t)} = R0,

36

Phan tich Mielpiisit)) = e! f Kir) M{x(t - ©) s{t)}dr.
i
vi xt - 7)) =slt-7 + f
nén Mic'pir sit)) = ¢! f Kin)Ry(r) dr = ¢'r
{1

5"

Nhu vay:  Jwe) = Mire'pun™) + R 40 - 2rel. (3-301)
bl h)

Biéu kién toi wu:
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V(e = 2M{[e'pitrptt)}} - 2r, =70, (3-302)
Cudi cung angorit thich nghi dang lién tuc:
dedt)
dt
So d6 thuc hién angérit (3-303) nhu h.3-106.

= - Fuxelpitiets - v, (3-303)

X(t)

K(t) —
284
@ ¢t

<FL
Hinh 3-106
11.4.3.5. Vi du v&@ mdt hé anten thich nghi

Anten ¢6 chitc nang thu tin hiéu cd ich trong khong gian eo nhi2u ngudn
nhiéu khic nhau. Viéc lge nhiéu chi cd thé thuc hién dude néu biét trudc
hudng cla ngudon phat iin hidu cd ich va cia nhiéu ro6i tit do chinh dinh lai
luge do hudng caa anten. Luc do difm cue dai cia luge do hudng trung vai
huéng cia ngudn tin hicu ¢d ich, di€m cdc tiu - huéng clia ngudn nhiéu.

Song phan bd cta ngudn nhiéu trong khong gian lai khong biét trudc va
thay ddi, khi dé phai dung dén anten thich nghi.

Hé anten 1a mot tap hop nhiéu anten hinh trén nhy ¢ b .3-107.

Cac tin hieu thu dugde tit anten sé qua mot khau tré T vai thoi gian tré
bang 1/4 budc song. Sau d6 tin hiéu duge nhan vdi thong s chinh dinh c,, _,
va ¢, trude khi cong chung lai vdi nhau. Angdrit chinh dinh thong s6 la
angorit hoe Adalin (3-249) d h.3-93. Chi tiéu chat lugng cia hé anten hoc la
e tigu ena sai léch: '

1 HE hl
dier = Migly, - c'xry, (2-304)
5 didy X = (X, X», ..., X} - véctd eac tin hiéu  cia anten (anten thu duge
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tit khong gian) va ¥,, 1& tin hidu ¢6 ich ichi din trong hé hoc). Tit d6 angorit
hoe elda anten nhu sau:

de,it)
dt

IN
= [yt - X e, (ix, (0] x,0t) 11-305)

=1,2, .., 2N
Vi hudng cta tin hitu cd ich thusng duge xac dinh trude nén ¢ budc hoc,
mot nguédn tin hiéu nhan tao sé duge st dung va phdt tin hiéu theo hudng
da biet. Tham s6 va hudng cda tin hiéu nhan tao cang gan vdi tin hiéu cd ich
trong khong gian cang tét. Diu vao coa Adalin duge ndi vdi ddu ra cuaa anten

tche do 1) hay du ra cua khau tré T tit nguén phit tin hiéu nhan tac iché

»NLJ
ez

I)‘lv‘ljy pghat

do 2). Gia tr eva T duge chgn sao cho ¢ thé thu duge mot chudi tin hicu
tugng ty nhu tin hiéu cd ich sau nay. Ca hai ché dg 1 va 2 Juan phién nhau
thay d6i, voi tdn s6 di I6n (khodang thdi gian thay phién nhau di nhd) sao
cho trong thoi khodng Ay, hudng va gia tri cuc tidu caa cong sudt tin hiéu
nhiéu van khong thay d8i.

Hinh 3-107

O h.3- 108a ¢ ket qua dia duge md hinh hoa trén may tinh. T 1a chu ky
tuang ung vai tan 86 f, . Nhiéu cd dang hinh sin véi bien do 0,5 va cong suit
0,125. Céc tan s6 nhiéu tuong ung:

Lr o

1,1 f; 095f: f. 09f. 1.05 f,
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Trén h.3-103b la dac tinh bién d8i anh hudng cda nhiéu (theo cong sudt
& dau ra cla anten) trong qua trinh hoc. Nhu vay hé hoc Adalin cta anten
dii 6 thé thich nghi véi didu kién lam viéc trong méi trudng nhiéu va giam
dan anh hudng cia chding d€ cd chd do thu t6i wu.

=0
a) b)
o
7=70
N
N
Ay e ]
¥/;7 ~— z00 400 600
LY

Hinh 3-108

Thoi gian hoc theo két qua md hinh hda khoing 400 chu ky vdi tan s0
f, tuong ing voi f = 1 MHz va t = 40 ms.

Vioée thu nhan tin tdc tit cde hanh tinh trong vi tru thuong chiu anh
hudng rat lén ciua nhiéu vi
tru. Digu kién dang nhiing
may phdt cdc 10n £ cic hanh
tinh dé& gidm anh hudng cda
nhiéu la khong thé thyc hién
dude. Nhung néu dung mot hé
kin theo angoérit thich nghi
ma tin hiéu phan héi ti qua

Hénk finh

dit c¢d thé khong chiu anh

( Trdi D&t

hudng cta nhiéu thi tin hiéu
thu duge sé cod do chinh xde
cao. Angorit thich nghi thue
hién viée truyén tin trong vi
tru cd dang: Hinh 3-109
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c[n] = ¢[n - 1] - v[n] [kic[n - 11- @ + fIn] I;

trén co 8¢ cua yéu cau loai trit 4nh hudng cia nhiéu {tuong \ing véi didu kién
téi uuk:

Mktc-a) + £ = Mkic-an =20

trong dd k 1a he s6 khuéch dai cua cong sust may phdt tit hanh tinh. ¢ la tin
hidu phan hoi, phat lén ti mat dat - Sau thai gian hoco:

¢'[n] = .

3g dé khéi cia hé thu phat thuc hién viéc truyén tin trong vi tru nhu &
h.3-110.

fln]

kiefn -0 T
- i

YA :
|

! 4

| |

| AR

|
|

[

- § ] |

I |

e ——— J

May ,Of’?@'f- ; Vfc}" fhu
Hinh 3-110

I1.4.3.6. Gian doan héa t8i wu

{. Khdi niém

Gian doan hda 1a bién déi mét tap cdc tri s§ lién tuc thanh gidn doan.
Gidn doan hda duge ding & nhigu linh vue khac nhau nhu luu tri va xi ly
théng tin, truyén tin hicu. Qua trinh nay khdéng th& thidu & cdc thi&t bi tinh
va k¥ thuat s6.

Khi ding phuong phap truyén anh qua dién tin, ta c6 ham 2 bién can
gian doan hoa. O ky thuat truyén hinh (ham 3 bién) hinh anh truyén di duge
chia thanh titng dong v tuong ding véi ching la nhitng mae anh gian doan.

Truyén Isi ndi tham mot bién) bang didu bién ti tin hiéu lién tuc sang
ma xung gian doan.

Nhu cau vé cong suit dai vai dong co la lién tuc nhung kich thuée déi
vo1 dong co phai duge gisi han theo tiung pham vi cong sudt nhat dinh.
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Tan thit nang lugng theo kich
thude cua déong co nhu & h.3-111a
Kich thude 18n hay bé hon déu dian

dén tdn hao nang lugng lén.

Nguge lai tén thit nang lugng

theo eéng suit cua dong co cd dang
nhu & h 3-111b. Khong thé s dung

ddng cd qua cong suidt dinh mic | |

a)

nhung cong suit su dung cang bé, |
ton thiat cang 1én. Do dd viée phan ‘
loai déng cd theo kich thude nhu thé !

nao la hop ly dé ton thdt nang luong

X A 2
1a nho nhat. b ¢ '

Hinh 3-111
Gian doan hoa co th& xem nhu

chia khaong gian tin hiéu lién tuyc x thanh cac vung 4, khong chéo nhau
th.3-112). Tri sd gidn doan tuong ¥ng voi ving A, ma: c,- la "dai dién" cho
moi tri =0 @ vung dy. Gidn doan hda cdc bién cua ham ludn lam giam lugng
théng tin chua dung @ tin hieu lién tuc va mang lai sai s6 vi mot tap cac tri
s6 lien tuc duge thay thé bang mot tri s6 gian doan duy nhdt. Sai s6 nay
tudng tu nhu sai s6 quy tron, d ly thuyét
théng tin goi 14 nhiéu luong tit héa. Sai
46 lugng t¢ hoa phu thudc hinh dang va
kich thude cia mién A, Sau khi truyén
tin hieéu gian doan qua kénh (s0 luong cac
tri 6 gian doan dy bi gidi han b&i kha
nang cho di qua cua kénh) can phuc hai
lai tin hiéu lién tue. Nhu vay chia khong

gian 4 ra A, mién nhu thé nao dé nhiéu
lugng ti hoa la cuc ti€u? Do 1a néi dung
cua phugng phdp nay.

Hinh 3-112

2. Angorit pidn doan hioa 167 wu

Ta ky hiéu x la tin hiéu lién tuc cfin gidn doan hda cd mat d6 phan boé
pix) ma ta khong bigt dige. Ding ude lugng cda nd: e cd tri s6 la hang trong
mién da cho, =ao cho

c=c¢, viix €4 tk = 1, 2, .., N) (3-306)
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Chi tiéu ude lugng chinh xdc 1a tén that trung binh dudi dang phiém ham:
N
Jie) = ¥ [ Fix, ¢) pix)dx, (3-307)
k=1 .
d day ¢ = (c,, T2y - Cy) WO lugng t8i vu ¢ = ¢* cue tidu hoa tdn that
trung hinh.

Dé dé khao sat, ta gigi han trusng hop mot chiéu, mién 4, 1a mot doan
thang trén truc.
N iy

Jley = ¥ Fix, ¢ )ptx) dx, (3-308)
kST iy

va ude lugng c, la nhithg s6 thuc.
Néu ding ham tén that dang:

Fix, ¢,) = Fix - e,

Ny
ta co: dler =3 [ Fix - ¢) pix) dx, (3-309)
k=1 4y
ma: c, tk = 1,2, ., N,
va Atk =0,1,2 .., N
Bidu kién téi wu ja:
rhed Ay
—_— = - f Flix - ol plxy dx = 0, (3-310)
f‘jﬂk A'\
ih]
T = Fid, - e pidy) - Fui - e, )pld) =0 (3-311)
rAY

voi didu kién (3-311) ta co: Fu - ¢) =F4,- ¢y, ) Néu F la ham d6i xing,
ta xac dinh duge mai lién heé gitta 4, va c,:
cp + oo
A = b Rl (3-312)
2
Gidl han cua khoang cach A, la tri s6 trung binh caa ¢,. Néu biét duoe
ptx) ed thé gidi dude cdc phuong trmh trén, nhung p(x) ton tal ma khéng biét
dude nén ta diung phuang phap angorit,
Tich phan (3-310) g gtdi han (A _ s Aki cad thé duge thay thé bai:

- Fix - e ey _,, 40 pixidx = 0, (3-313)
1]
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vl

nhu ¢ h.3-113.

Fl/lk — 1= J‘lk]

[

Lo

X Ao, A,

(3-313 va 13- 3101 tuong duong nhau sau khi
dua vao ham 13- 314

Bidu thue 13-:413 chinh la k¥ vong toan clua

- F'(x - ¢,) nén diéu kién t6i vu (3-310) cd thé

viét:

(3-314)
k-7 A
Hinh 3-113
13-315)

- M AF % - g A, LA =0,

vit angérit thich nghi gian doan, theo (3-201) 1a

c.n] =

i ot
L]

-
L

—

SN ,1;;;_’ :
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Hinh 3-114

eln - 11 + yIn]Fixn] - ¢ [n - 11y ey . in - 11, A[n - 1D

{(3-316)



cung vdi digu kién (3-312)

1
Aln - 1) = Sigln - 11 + ¢, (In- 1] (3-317)

Khi n = eln] = ¢”
;{k[n] - ’]‘k*
A, vt Ay 1a ¢6 dinh, so do thuc hién angérit (3-316) va (3-317) cho trén
hi3-111 da dude mo ta mot phan.
I.)(}c gia co thé xay dung angorit va so do khéi cho truang hop:
Fix - ¢ = (x - ck'lz,

i ! ) . Loy + op oy <x <legy + ¢}
A T

0 cac tri 36 khac cua x.

1.4.3.7. H&é ¢ vdn
I. Bt vitn ¢

Khi thu nhén thong tin, gia thist chung ¢6 dé chinh xac khace nhau, lam
sao ta cd duge thong tin chinh xdc. Thong thudng ngudi ta si dung "trung
binh" cda ching theo nghia cu thé hay triu tugng, tuy tinh chat vat ly caa
thong tin. Mot dai hugng can do, mudn cd tri s6 chinh xac thuong duve do
nhiéu lan va ldy trung binh hoae nhidu dung cu do (ma cai nao chinh xdc hon
cal nao ta khong xdae dinh dude) dude s dung cung mét lic va sau d6 ldy tri
%0 trung binh cia chung. _

A Bay gio, néu ta dung mot hé s cho méi dung cu do va ap dung phuong
phap thich nghi d€ xdc dinh cdc he s6 ay, dung cu nao c¢ da chinh xdc cao,
hé 56 Ay lén va nguge lai. Chi tiéu chat lugng 1a cuc ti€u ecla sai léch. Do dg
khi qua trinh thich nghi két thuc ta c6 cdc hé s t3i wu ¢;* cho tirng dung cu
do, va tusng W@ng v6i chung, hé cho ta thong tin chinh xdc. Dd 1a bai toan do
chinh xdc bang dung cu do kém chinh xic trong truing hop riéng, va trudng
hop chung, may "¢d vAn" cho ta thang tin chinh xde i nhing nguén tin kém
chinh xdc.

2. Angirit thich nghi

Cdch dat van dé nhu trén tuong dng vdi so db khéi 8 h.3-115. Dai lugng

do dude cua mdi dung cu do la ¥, v =12 .., N} va tdng cua chung:
N
Z=3 ¢y, (3-318)
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Da tan (danh gid sai s8) cua méot lan do:
0,2 = M {{y, - Miy » (3-319)

Tuong tu nhu thé ta cd
do tAn N kénh:

-

ot = M{{(Z-M{Z}»}
(3-320)
-Bay gin, ta od thé dat x

diéu kién sau:

%jc,, =1 (3-321) L @, 5’~®' /
LT .
Chi tiéu chait lugng dé xdc
iiinh hé 86 ¢, = ¢,* l&: Hinh 3-115
N N
Jilep o) = S ¢0f + A1 - Tc) (3-322)
v=1

r=1

f
oy

N

Chat lugng duge xac dinh bdi hai thanh phén. Thanh phan thd nhdt o vé
phai cia phuong trinh (3-322) xdc dinh sai s6 co ban, thanh phéan thu hai
xac dinh sai s6 phy, bao dam théa mén didu kién (3-321). Sai s6 cd ban la
nhd nhéit tuong Wng vdi do tan bé nhdt cia N kénh do:

3 N 7 02
o = Y efo”, (3-323)
k=1
con sai s6 phy bao dam digu kién (3-322) dé ta cd Z 14 tuong duong véi tin
hiéu can do. Do d6 A 1a thong s6 phu cin chinh dinh.
Tit (3-322) ta cd didu kién t6i uu:

0
o 9e02- A = 0, (3-324)
dey

3l N

Ao (1-Fey=0 (3-325)
a7 | r=1

Tudng ing véi dieu kién téi vu (3-324), (3-325) ta cd cac angorit thich

nghi lién tue:

dck(t) 5
= - y (B2 ¢ o - AD)] (3-326)
di N
va — = - y{t)(] - ¥ e dt) (3-327
dt ir=1
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Trong cac bi€u thdc trén cin cd cac angdrit xdc dinh tri 86 trung binh
va phuong sai (bai todn nhan dang dic tinh thdng ké cua tin hiéu ngdu nhién).

Xdc dinh ky vong todn

Néu ky hiéu m, la ky vong toan (tri s trung binh) cta y , ta viét:

m, = Miy,} . 13-328)
Dbn vé mét phia, ta cd:

Mim, -y, } = 0. (3-329)

Bi€u thic (3-329) tusng Ung voi digu kién t6i wu nén angbrit thich nghi
& co dang:

dm,,(t) . . _
el yalt) [m,(t) - y.(t)] (3-330)
Angdrit (3-330) c6 thé thuc
é_‘i,;___gf Ty = /Rgcj hién dugc bang cdc phan tit gian
R, ) don nhu sau.
Y1) == D Tir (3-330) ta c6 thé viet:
: dm,(t)
p 4 T(t) m + m,(t) = y,(t),
(3-331)
Hinh 3-116 ma Tsit) =

yalt)
Dd 12 mét khau quan tinh ¢ hing s6 thoi gian bién ddi theo quy luat
nghich dao véi y(t) (h.3-118).

Xidc dinh phuwong sui

Theo (3-319), (3-328): 0,2 = M{(y, - m,)%}. (3-332)
Dén vé mot phia ta cg:
M {g,” - (y, - m)2} =0, (3-333)
va angorit thich nghi cd dang:
da, 2(t) 3 5 .
rrainie v4ltio,°(t) - (y, - m,)"] (3-334) .
Tu (3-334) ta co
do,(t) ) 5
Ty4(t) + 0,5(t) = (y,(t) - m,(t) (3-335)
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T4(t) =

]
A4t . pt .
Sa dd thye hién ca g > CjT Koo

cdu xac dinh phudang #
sai nhu 6 h.43-117. Tro

lai voi bai toan dat ra, T} 2 p
. .r I

két hdp ca angorit \_/ T T

(3-326), (3-327), LT #

13-:330) va (3-331 ta Hinh 3-117
co 30 do thue hién

angdrit ¢d vaAn ndi trén nhu & h.3- 118

Tu digu kién toi wu (3-324) ta co:

A
S in:rk2
%) ) ‘
—= 2 -)fjff)—l
(- 19
A
Z . Z=) ¢y,
K=1
/
. /
A

Cyt) Q}—'

Hinh 3-118
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Nhu vay trong lugng (gid tri} cla thong tin ty 16 ngugc véi do tan (sai
s6).

Két hop véi (3-325) ta ca:

A r%x‘ 1 L 2 1
- = = N - =
2.5 5, N1 K LN 1
b 5 oy )
v=1 o, v=1 a,
Sai 6 c¢ ban duge xdce dinh bdi (3-323):
,
3 N 4 1 l\] UkA i
T = E Cl\ Gk = }_‘ 1 =
k=1 N PLEN e N1
(> — D -
r=1a,” v=1 a.,°
Trong truvng hop théng tin cd sai s6 nhu nhau:
3 2 ) . ) Oiz 1
at =00 = o= ot tacd: o =—  va C. = E—

11.4.3.8. Bai toan quy hoach héa kho tang téi wu

1. Khii niém

Quy hoach t8i uu kho tang Ia xac dinh khéi Mgng san phdm, trinh tu
cung cdp va méc dé du trit cda kho tang nham théa man nhu ciu sap tdi sac
cho ton thdt 1a it nhat.

Dy trit nhigu thi tén thdt do cdt gii ién, du trir thidu thi dinh tré san
XUuat.

Vi du, ta cd mét kho d8 chua va xuét hang. Hang dén kho & nhitng thoi
di€ém gian doan. Sau khi dat hang I, don vi thi gian thi hang sé& dén,

Nhu cau vé hang tite 14 khéi luong hang can trong mot don vi thoi gian
dudc xac dinh bdi cac diéu kién bén ngoai kho tang va khong phu thugc khai
lugng hang trong kho. Khi kho lam viée thi chi phi bao gdm chi phi chudn bi
va két thic cong viée, git gin kho tang va nhiing t6n hao do dat do.

Hiéu qua cong viéc ctia kho la do digu kién lam viéec cia nd {nhu cau
hang, thoi gian dat va nhan hang vé kho L, ddc di€ém vé chi phi trong dan vi
thti gian v.v...} va chinh sach dat hang. Chinh ssch dat hang la xac dinh khai
lvong hang va thai di€m dat hang chang han. Vi du luong hang can Adat 1a g
khi lugng hang trong kho dén muc ngudng p (h.3-11%. Quy hoach kho tang
trong truong hop nay la xdc dinh chinh sach dat hang (xdc dinh céc tri s§ t6i
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uue p* va q*) sad cho
théa man mét chi I(U?
tidu quy hoach téi wu

nao da. Thong .
thudng nhu cau x(t) \ 9
o .

la khong biét trude -

4 mot qua trinh p_p |
ngau nhién ma dac
tinh théng ké cia nd
duge xde dinh bdi cac

diéu kién bén ngoai o

teHng viéc cua cac xi p—b, |
nghiép khde, tinh — L | ; . i

hinh thi truéng

. Hinh 3-119
V.V, )

Chi tiéu quy hoach téi wu cd thé duge chon bang ky vong toan (tri so
trung binh) cia tén that trong don vi thoi gian. Tri sd trung binh duge tinh
khoang thai gian [t , t + T} gilta hai 1an nhap hang. Vay vécto dat hang la:

c = (p, qh (3-336)

Tén hao trong thoi gian [t t, + T] ma t, duge tinh ti thai di¢m hang
nhap vao kho, ¢d dang sau:

Fix, e, T (x, ¢, t3-33T

T la thoi gian giita hai {an nhap kho, la dai lugng ngau nhién. Phan bé
cia T tiy thudc vao vectd dat hang ¢ va phan bé cia x(t). Cho nén, dang
chung cia chi tiéu quy hoach toi vu la: _

Jier = M, {Fix, e, Tix, eh}. {(3- 338}
va nhiém vu cua bai todn la chon véctd dit hang ¢ = ¢* sao cho J{c) dat cuc
tigu.

2. Angorit quy hoach té1 wu

D& dé hidu, ta khao sat trudng hop cu thé va gian don, déi vdéi dang
chung (3-338).

Nhu cau x{t) 14 mé1 qua trinh ngiu nhién, ducc gia thiét la ding, co ky
vong toan bang r. Hang duge nhap voi khéi lugng g xem nhu la tdc khac,
thdi gian cham sau ti khi dat dén luc hang dén 1a L; cdc hé s6 tén that do
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dat d6: d. va luu khe: h - xi nghiép da biét sau mat thai ky hoat déng.

Dé gian don bai todin, ta gia thiét nhu ciu x(t) ¢6 quy luat tuyén tinh
nhu ¢ h.3-120

Lty - I, + T

xit) = . 13-339)
T

ILity  la  lugng §7cE)
hang & thai digm t.
Va cing d€ gian dan

hon nita bai todn ta

khao sat truéng hgp ¢ \ ¢

cac chu k¥ nhap

hang vao kho la cé \

dinh (T = const). \
Nhu vay (3-337

0 \ 7 27 37
co dang:

F(r. o), (3-340 Hinh 3-120

—

¢ day c- luong hang can nhap; r- lugng tiéu thu trung binh trong chu ky T.
Ham tén thdt (3-338) cd dang:
Jie) = [ Fr, o) plr)ddr = M{F(r, ¢)} - min (3-341)
2 C
ptri 1A mat dé phan b8 cia nhu ciu, ng
ton tai nhung khong biét duge. Van dé dat ra Alc -r)
l4 xac dinh luong nhap hang tdi vu sao cho tén
that la bé nhat. Tén that bao gom:

¢
. . . . . a
trong dé R,(T) 18n thdt thita do nhap qua /
nhhiéu so vadi nhu cau:
hic - c=zr dir-c)
R(T) = |
¢ <r
R,(T)- tan that do hang thiéu, dinh tré
3an xuat: <
c=r b)
RT) = |
“ dir - ¢} Cc<r Hinh 3-121.

Nhu d h.3-120, giai doan d&u O < t < T ed tdn that thi€u, giai doan hai.:



T <t < 2T cd ton that thita va & giai doan cuéi cing 2T < t <3T lugng hang
nhap la tol vu.

Bay gi¢ 3-341) ¢d dang cu thé hon:

i 4
Jicy = h [ (c- 1 pirdr + df (r - o pirydr {3-342)
{ v
Dieu kién toi uu:
dJ ¢ *
o = h [ ptoddr - d f p(rdr = 0. 13-343)
« 1 v

Thém va bt & bidu thie (3-343) cung mot dai lugng:

.

hcj' p(r) dr, (3-344)
{3-343) co dang:
l}'} pirdr + h; plridr = d}c pirdr + h_?pfr}dr {3-3451
. . C
Tu d¢ rat ra:
h =d + hij?cp(r]dr. 13-346)
;
vi: . [ij(r}dr =1
Do da: }? p{rdr = " ' (3-347)
c d+h 4P

Néu hiét duge mat dd phan bo pir)
va cac hé s6 h, d ¢d thé xde dinh dugc

lugng nhdip t6i vu ¢ = o'

Néu thém vae 13-346) dudi diu LP

tich phan mot ham:

H
1 r>oc
lir - o1 = (3-348) \ _h

0 s d+h
|
I e = |
fa co: (r - ¢} ridt = —— r
1 .P d+ h |* -—
€
(3-349)
V& trai cua (3-349) 1a ky vong todn Hinh 3-122,
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et ham €3-348). Luu y 14 3-349) xu4t phat tiz digu kién t6i vu (3-343) nén
¢3-349) dua vé dang can thist:

h
Milir - o) - 1 =0 {3-350)
d + h /
va ta ¢ angorit thich nghi dang 13-201):
e(n] = cIn - 11 - yinl {lrlas - efn - 1) - } (3-351)
d+ h
So do khéi nhu & h.3- 123
h

Vai luong hang tiéu thu r ¢ dau vao, vdi $6 ligu

cua xi nghiep

dd cd, angdrit sé cho ta
luong hang can nhap téi

uu ¢* & méi lan d€ tén that 7 {7] p
la  nhé nhat. Angorit —= () —=

13-3561) la trudmg hdp (-)
riéng clia ké& hoach hda t6i

uu theo chi tiéu téng quat ¢ [7-1]
13-338). Ung vai chi tiéu
ting quat 13-338) ta cg Hinh 3-123.
ANgOrit tong qu:it nhu sau:

¢(n] = efn - 1] - ;}In]VCF(x[n], cln - 1], Tix[n], e[n - 11} {3-352
néu ham F.) kha vi va angérit cd tin hiéu tim:
cln] = e[n - 1] - vInlV .. Fix[nl, e[n - 11,
a[nl, Tixfn], e[n - 11, a[n]n (3-353)
néu khong tién xdc dinh vV .F),

Bai todn quy hoach trong diéu kién han ch& nhu nguon nguyén liéu, nang
lugng, thoi gian va khong gian la nhitng bai toan thudng gap va phiic tap khi
giat quyét, phic tap & eich dat van dé cia bai todn quy hoach va digu khién
trong diéu kién khong xdc dinh.
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Két luan

Di&u khién t8i wu va thich nghi la nhing van dé thugng gap trong khoa
hoe ky thuat va doi song.

Trong tip sach nay tac gia da hé théng lai nhiimg vin dé eo ban, nhirng
vin dé ma rdt nhidu cong trinh. sich bdo dé cap dén theo nhigu gde dé vi
quan di€m khac nhau,

Ly thuyét v ky thuat dng dung la hai mat cia mét su phat trién. Nhiing
nam gan day, tdc dé phat trién nhanh nhyu vi bdo cia ky thuat tinh da giai
gquy€t duge nhigu van dé ma trude day chi xem 1a ly thuyét don thuan, dong
thifi ¢d thé dat ra nhitng van dé mai doi hdi su phat trién hop t4c lién nginh
chia nhigu linh vue khac nhau.

Nhirng vdn dé co ban cta 1y thuyét didu khién tu dong luén phat trién,
trén co sd Ay nhidu phuong hudng mdi xudt hién. nhung bai toan vé én dinh
via chat ludgng luén "tré mai khong gia" [38].

Tap sdch chic khéng tranh khoi sai sdt, tac gia rdt cam on sy giup d4
viL gdp ¥ cda ddc gia.
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PHU LUC

Xac dinh J vai n = 1, 2, 3, 4,5

1 = bipibi-p
J = p p

2rj 3= dipidi-ps

bip) = b, p" 7!+ b,_p" -+ . +b

Lt

d{p' = dnpn + dn—lpﬂ_I ot dn

b b,"d,, + b,°d>
J o= viin =1; J=—— " " “yu4ip=29
2d d, 2d,dd,
byd,d) + (b" - 2 byd d, + b 2d.d,
= - = : —— wvdin =3
2(1“(_l;f—d”d; + d|d_w’
byi-d fdy + dodydy) + by - 2 byd,dd, + (b;” - 2b byid, d.d,
- 2d.d,i-d,dy° - d)%d, + d,d,dy
b,*t-d,d;” + d.dyd,}
S voin = 4
2d11d-1{-(|<1d_“_ - dlhd-l + dldzd_'{\
J = 5 [hfm” + (b~ - Zbsb,m + by - 2bby + 2b bm, +
:—&{ ) - - )
+tb)" - Zhbym, +bm; w6 n =5
. |
O day: m, = R tdym - dimsy
d;
my = -ddy + dds;
m> = -d d: + d,d,;
1
my = —dym, - dym
: g
1
m, :_l- tdamy - dym
¢

As =didmy - dym, + dom,
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