NGUYEN DOAN PHUGC T0 SACH NOANH

DIEU KHIEN TU DONC

T01 UU HOA TRONG BIEU KHIEN

VA

n n n" n




Nguyén Doén Phuéc

TOI UU HOA TRONG PIEU KHIEN

\

va

DPIEU KHIEN TOI UU

"'MWW"‘NMQW.;] g

—___..ﬁ—_.\

“’:‘Wéfir" ,nwwf_#’ ’;:,W e “”v w:,w
, i 1l ih I
——grrron] [+ G
SR 0

NHA XUAT BAN BACH KHOA HA NOI




Author: Nguyen Doan Phuoe T .
Prof. of Department of Automatic Control, Hanol University of Science and Technology

Title:  Optimization In Control and optimal Control

not only the
This book aims to provide basic knowledges of optimization and optimal control. It presents

examples are given in
conceptual basis of theory but also their applications In controller design. Many
the book to illustrate the theory.

niversity of Science and
This book Is the product of several courses given by the author at the Hm:mm in Universities as
Technology (HUST). It is written for control engineering students and master

8 course - and self study textbook.

Bién muc trén xust ban phdm ciia Thir vién Quéc gia Viét Nam

Nguyén Doin Phuéc

T6i wu héa trong diéu khién va diéu khién t6i wu / Nguyén Doin Phudc. -
H. : Bach khoa Ha Noi, 2016. - 348tr. - hinh v&, bang ; 24cm

Thu muc: tr. 344

ISBN 978-604-93-8764-7

1. Diéu khién t6i wu 2. Ki thuat diéu khién
629.8 - dc23




1.3 Tap 181 va ham 18I
1.3.1 Tap I6i va tinh chét clia tap 16i

1.3.2 Ham 18i va tinh ch&t ctia ham 16i

Cau hdi &n tap va bai tap

Muc lyc

1 9
Nhimg cbng cy toén hoc -
1.1 Ma trin p
1.1.1 Khéng gian tuyén tinh va anh xa tuyén tinh ...... -
CHu tric Aai 88 va KhONG GIaN tUYEN N .ccvvvvevresissimsmmssmsssssssssssssssssess s 3
AN X8 tUYEN tnh VA MA HAN ...vcorrsieeresesssssssissssssssssssiassssssssssassssassssssasssss s s Fa i
PHED DIEN B8i HIONG GUONG <.......ovrvermuneesssesssssssssssmsssssssssnsssssssasasssssssssassssssenss st e St I
1.1.2 Céc phép tinh cd ban trén (dai 86) Ma trAN.......cccccvrmmmmemmusuussmsssenessssss e emisossansessorsivemusds 1
MOL S5 MA AN GHC BIBL.............oooneneeeessvsssssssssessissasssspessissassssssssstsasmassassossissscsresend et S i
Ba Phép tinh tA0 N8N GaI S8 MA tHAN .......coouuerermmsresmisemsisssmmssissassassssssasaassssssnss st s s s
DINH BC . vccveninavibaiiisionisossissninsiiissist it msat b st IO ST owes SO S 3
HANG COA M8 tHN........c..ooooeneronsssissesssrssssssonsssssssssssassatespesssssnsiasosesaiue i rorsasp st ecEE 35
GI& tr] FIBNG VA VIO FHBNG ..........co0unereseeessesssssssssssnssssssssossassassssnsssnsssessesasssassnasassass s 20125050 -

Chugin clia vector va &nh xa tuyén tinh (ma trén) .............
1.1.3 Mot s6 phép bign a8i ma tran hitu ich... 223
Bi&n d8i thanh cAc ma trn tam GIAC ......ccwummmermsssieces 3 %4
Phép bi€n A8i PhAN ly VA trUC GIAO ....urvecemserisersamssenssmusiassessassassasssssasssssssssssssssssassasssssessess 2
Phép chiéu 18n KhONG GIan VECLOT COMN .......c.icueuemmsermusmsanssssssasessnsnsssasasssnsasssasasess %

NGhICh B0 MA N ........c.cversesenssmsecsssassasssnsssssmssassaoesnesendsousdssasassustessisis somriaser
1.2 Khéng gian ham s& va md hinh hé théng 28
1.2.1 Nhimmg c4u triic khdng gian ham s6 thudng g3p ........ 28
Khang gian metric..........cceeveriisienenienseranes 28
KNONG GIAN A0 .....ococuecesmccmsemssinssassiossonassiosasassansssndssiasaesscsarmssses sisssusecs 29
Kh&Nng gian COMPACt...........cccousuercesssranmannes 29
Khéng gian chudn...........cc.eeueecereraesns 30
Khong gian Banach...............ccseesessssnssusensens 30
Khéng gian Hilbert...........cccocevveeiercenens 30
Khéng gian cac 4nh xa lién tuc .. 31
1.2.2 Mb hinh toan mé ta hé théng . 32
Mb hinh trang théi hé tuyén tinh.........cccccevemeniicannes 32
Mb hinh trang théi hé phi tuyén...... 33
36
36
38
40

2 T&i wu héa trong didu khién hé tién dinh .

2.1 Giéi thiéu chung
2.1.1 Bai toan t8i wu héa

2.1.2 M6t s6 vi du vé bai toan t6i uu héa trong diéu khién




2.2 Quy hogch phi tuydn
2:2.1 Nh6m phuong phép tim o6 husing cho bl ton KNONG FANG BUBC.....coovvvvsisssessssesss

52
53
ETRIG DI OV ..o ol
Phuong phap NEWAON-RODBON. .. sttt PR ———
Phuong phap tya Newton (quasi Newton).................... PR .80
Phuong phap COUSE-NOWION..........coermire s L
Xbo o Khodg wamr e N 4
nguyen tdc thu nhé kho‘ng ngh"m ............. FPTpR—p—

Biéu kiéh Wolf cho Viée xéc dinh khodng cch budc tim............ £

2.2.2 Nhém Phuong phap khén sird huéng
khodng rang UG et g ........ ung ............ tlmchobél gk ' 69
Phuong phap LOVONDOrD-MArOUBIIR....c.mminiig A P 69
PG Phép miéh tin oy (trust reglon)........... . y 72
2:2.3 Phuong phép tim nghiém bai todn 181 uu o6 aiéy kién rang budc 74
) ot DAY Lo s AL 74
K§ thuat ham P 75

Phuong phéap Lagrange

...............................

77

Diéu kién Kuhn-Tucker va NG BUNG «ocr it misrisiiirnintitinia 78
Phuong phép thay thé bign dac L TR e S 5 83
84

85

91

............................

Phuong phap hinh chigu gradient
Phuong phap QP (quadratic programming)

.............................................

Phuong phap sQpP (sequential quadratic programming)................
2.3 T8l wu 8l 95
2.3.1 Quy hogoh tUyn fi....c...... R 98
NIING VAN 86 Chung........cccnicierrmriem i 98
D8 4080 CUBN (BTC) .ot S 100
Phuong pha&p don hinh (SIMPlEX)......ouecisessimiossirereemmsettH LY 103
2.3.2 Phuong phap interior point (diém frong) ..o v o nas) 110
SU dyng k§ thuat ham chan........cocevcovorsoo 110
SUr dung k§ thuat ham Lagrange..........c...i. i con e 112
2.4 Céc img dyng trong diéu khién 113
2.4.1 Diéu khién dy b&o hé tuy&n tinh ... 113
Phuong phap MAC (diéu khién du béo theo mé hinh) 114
Phuong phap DMC (ma tr&n ddng hoc diéu khidn) .S AT 117
Phuong phiip GPC ..o 119
Diéu khién GPC thich NGNS R 123
Diéu khién dy b4o phan héi trang thai.... 125
2.4.2 Diéu khién dy bao phan héi trang thai hé song tuyén 131
Diéu khién 8n dinh........... 131
Diéu khién bam tin hiéu miu & d4u ra 133
2.4.3 Thiét k& bd diéu khién t6i wu ..... 134
Diéu khién bén vimg 134
Diéu khién thich nghi . 142
2.4.4 Quan sat trang thai t6i vu 145
Nguyén tic chung 145
Cai dat bd quan sét trang thai t6i uu cho hé song tuyén 147
Cau hoi &n tap va bai tap 150



153
3 Diéu khign t81 wu hé tién djnh 153
3.1 Nhap mdn e T 153
3.1.1 Nhiédm vu cia didu khidn 181 W ..o e =t R R reme 153
BAl toAN A18U KhI&N 18] U1 1 I8N WIC....occvsmmsssssssmmessstt e s 156
Bl toan didu khidn 161 U h KhBNG I8N IYC...ccuwsewssssssssssssiss st e 160
* 3.1.2 Phuong trinh EUler-Lagrange ...........essassssssmsesssssssesss st et ........................ 160
N N Ty o———— 162
Tinh chét 181 wu ctia phuong trinh Euler-Lagrange (3.10).......ceweeee 165
3.2 Phuongphépbinphlin e s ... 166
Y 3.2.1 HAm Hamilton va tinh chét DN PhAN ...ttt S 166
BI&N A8Nng trang thal VA di6U KI8N CAN ......ccvvwwmrwsssmmmmmmsssssssssssssssst 171
Tinh chét clia ham Hamilton doc theo qUY 880 81 UU wo.ccccwvwwmmsssssssssns 0 174

So s&nh v6i phuong trinh Euler-Lagrange (3.12) ......coceeseessmensssnsenses e “h
3.2.2 Téng hop bd diéu khién phan héi trang théi t6l uu (LQR) cho hé LR 174
HHAM 88 MBING..eveorseucaannanasiessessssisnssassmmasssnsesitibsbi s stsss Rt S A
Trudng hop thi gian xdy ra qué trinh t8i wu la hitu hgn ...... e
~ thng phép tim nghlem phum‘g trinh vi phan leaﬂ ................................................. 181
Trudng hop thdi gian xay ra qué trinh t8 LU 18 VO RAN .cccooceiseermsummmmmmmsssssss e b=t
Ban vé tinh 8n dinh tidm AN t0AN CUC CUA N KIN ...c.ovuvvivissmssssssmmmmmsssessmmsnss s b
Thuat toan tim nghiém phuong trinh dai S8 RICCAM ..........ccuuemmsssmmssmmersmsemsessssss it =
3.2.3 Ung dung vao diéu khién dyf b40 h@ SONG tUYEN..........coumsueumussmmssenssensassssssessens s osist -
TRUA tOAN GI8U KNIBN......cocovueecensesecssensismssmmsssesnssssersssonssseasssesassnsassassesssenassassssasestsessacasssss 1
Tinh bAM 8N AINh CUA & KN ......eoeveenciasesrisenssssssssessssssssssissnssessssmssmssasssaas s esssosessss ‘196
3.2.4 Bi€N PhAN h& KRONG I8N tUC. .....rvereesseenssesecsssssesssssssssnssssesssssssssssssassssmssseasasansssnssasassesss =
Chuyén vé bai toan t8i wu finh va sir dung cac phuong phép t6i uu NOR it sav:catutoihosssnshazs i

C6ng thirc bi&n phan hé KhONG I8N tUC.........cvceemeeurucuesreenemerssnsnsssssssmsmssnsss s sissassssssesess
3.3 Phuong phép quy hoach djng (Bellman)
3.3.1 Trudng hop hé lién tuC.......ccccevreeeeeeiienierssesniscennnneennns
NQUYSN IV bOT e et s e otesess
Noi dung phuong phéap.......
So s&nh v6i phuong phéap bién phan
3.3.2 Trudng hgp hé khdng lién tuc
Ky thudt nhing (VONG NQUOC) ......coceremrncnsrssenesansanens
Vong xudi (xac dinh day gi4 tri tin hiéu diéu khién t6i W) ........ccccocvemmennnenns
Md rdng cho trudng hgp ham muc tiéu khdng & dang téng
Téng hap bd diéu khién LQR: Trudng hap s& bubic diéu khién 1a hitu han
Téng hgp bd diéu khién LQR: Trudng hgp s& bubc diéu khién 12 v8 han ...........cccccuuceences
Ap dung cho hé tuyén tinh khéng dimg
3.3.3 Mot s8 diéu ban thém..
V& nguyén ly t&i uu
V& bai toan téng hop bd diéu khién LQR hé lién tuc
V& tinh 8n dinh clia hé kin sir dung b diéu khién LQR
V& kha nang cai dit bd diéu khién LQR




3.4 Nguydn ly cye dgl (Pontryagin)

227
LT LA m
34.1 NNONG G0 § €0 BN vcmerrremremems e e 2T
Bal todn diéu khién 161 v o6 tap rang budc tin higu didu khidn 18 tP AONG...........ccomwimes 231
Diéu khién 181 wu tac 8dng nhanh aa! WD WIPEA U .ooov. orviversrerrviioreesrmmenivee R— ol

X8y dung quy dao trang thal 161 wu U0 0N NI ...ovvsis ivuvevrevestrresreosbiveiorribal b aRS e ~2“

Binh ly Feldbaum vé s& 14n chuyén a6i gl trf cdia tin hidu AU KhIBN 18] LU .......occrrseerr :

3.4.2 NOi dung NQUYIN 1Y OV B cvccvsesmsssenmmmamesiirant e 24
Ba bal toan co ban cda NGUN 1Y U8 B vt IR i - vers 246

PIit BU QU 1) U0 Bl s it R 249

V& vector bi&n G810 100 ..ot . 256

3.4.3 Chimg minh NOUYSN 1 S8 Bl ssseeerirremssssisriininie i ‘ . .. 259
RO B N s s 260

Bié&n phan tin hidu @iéu khién 161 wu theo thail gian va khong gian................cooooooerooo, 261

XU ly hidu (ng bisn phan khdng glan va chimg minh nguyan Iy cyc dal (3.165)................ 265

XU ly hidu (mg bign phan thai gian va chimg minh cdng thirc (3.167) ciia dinh Iy 3.15...... 266

Chimg minh cdng thir (3.160) ola dloh 1§ 3.15.........ch.rre Bl 266

Chimg minh aiéy kién hoanh trong dinh Iy 3.16 va dinh Iy 347 ......ov abornsbiarendsiichs 267

Chimg minh diéu kién au rong dinh 1 317 s 268

3.4.4 Nhimg van a8 khac XUNG quanh NQUYSN 1 CUC. Bl (et 270
Whobuledpl RS ol 270
toirn [ PR e 270

T 000 s 271

Ung dung vao diéu khién &n dinh véi khodng thasi gian hitu nen (FT8)i... it 271

Cau hol dn tap va bai tap 276

4 T8i wu héa va didu khién t3i wu hé ngiu nhién 281
4.1 Nh3p mén 281

4.1.1 Khai niém hé ngAu nhién va d% do thong tin ng&u NhI8N .........coereeeeso 281

I (R PMY s 281

D6 do luang théng tin c6 trong ngun phét tin higu ngAU NhI8N ... 285
b ... 286

4.1.2 Phép bién d8i Fourier rai e TR 287
Chudi Fourier (cho tin MM W8N ROBN) ..o 287

Phép bisin 681 Fourler #n o’ I Sl TS 288

Phép bién adi Fourier khéng lién WC ... o T 291

Phép bién a8 Fourler ratjrmo" .S G 292

4.2 Nhan dang md hinh hg thdng 294
4.2.1 Nhan dang tryc truy&n mé hinh khdng tham s& hé tuyén tinh . 294
N g hm B S ... 295

Nhan dang ham tuong quan va ham mat dd phé . 296

Thuat toan nhan dang mé hinh kndng thamed......... .o 0 S 297

4.2.2 Nhan dang chi ddng tham s8 mé hinh AR....... 298
Phuong trinh Yule-Walker va thudt toan Levinson ... 298

Thuét toan du bao diéu haa Burg......... 304
4.2.3 Nhén dang tham s8 mé hinh ARMA 2% il Je s 306
Nh&n dang chii d8ng tham s&§ MA cia md hinh (bai toan 4.3a) 307




4,3b)
Nhan dang chil 8ng tham s mo hinh ARMA (bal toén

Nhan dang trye tuyén (online) tham s6 mo hinh ARMA (bai toén
4.2.4 Nhan dang md hinh trang thai.

Chuyén sang mién phite bAng phép bién A8I Fourler i rac..........-
Nhén dang trong khdng gian con .....
43 mmkﬂboloeviboquunmmw
4.3.1 LOC WIBNEE covvnsevermersererssarerssvrsers 3o
PO 1 UV D80,
Phutong trinh tich phan Wiener-Hopf va céc bubic thiét k& bd loc W“" ...................... 321
4.3.2 BY quan sat Kalman............... poris JOB e ::;
Quan sét trang thai ha tuy&n tinh khong lién tuc (KF)........ e
Quan sét trang thai hé phi tiyén khdng e buo (1seimmey 0 V0 EE S g
Bd quan sat Kalman — Bucy ..... ‘ o ) pABEEits
Ung dung Kalman — Bucy vao diéu khién phan héi d4u ra (bd diéu khién P
Cau hol &n tap va bai tap 244
Tal lgu tham khao 346
Chi muc




