BO GIAO DUC yA DAO TAO
PAI HOC THAI NGUYEN

NGUYEN THI MAI HUONG

NGHIEN CUU XAY DUNG THUAT TOAN PIEU KHIEN
DU BAO THEO MO HINH CHO POI TUQNG
PHI TUYEN LIEN TUC

LUAN AN TIEN ST KY THUAT

THAI NGUYEN — NAM 2016




BO GIAO DUC yA DAO TAO
PAI HOC THAI NGUYEN

NGUYEN THI MAI HUONG

NGHIEN CUU XAY DUNG THUAT TOAN PIEU KHIEN
DU ' BAO THEO MO HINH CHO POI TUQNG
PHI TUYEN LIEN TUC

Chuyén nganh: K¥ thuat diéu khién va Ty dong hoéa
Mid s0: 625202 16

LUAN AN TIEN SI KY THUAT

NGUOI HUONG DAN KHOA HOC:

PGS.TS Lai Khic Lai

THAI NGUYEN — NAM 2016




ii

LOI CAM ON

Trong qud trinh lam luén dn, t6i da nhan dugc rat nhiéu gép y vé chuyén
mon cling nhu sy ung hd vé cic cong tac td chuc cua tap thé can by huong
dan, cua cic nha khoa hoc, cua cic ban dong nghiép. T6i xin dugc gui tdi ho
161 cam on sau sac.

T6i xin bay td long cdm on dén tdp thé can bd hudng dan da tdm huyet

hudng dan toi trong sudt thoi gian qua.

Téi ciing xin chan thanh cam on cdc déng nghiép, tap thé cic nha khoa
hoc truong Pai hoc K§ thuat Cong nghiép, cua bd mén Piéu khién ty dong
truong Pai hoc Bach khoa Ha Noi, d3 c6 nhing y kién déng gép quy béu, cic
Phong ban cua Truong Pai hoc K thuat Cong nghiép da tao diéu kién thuan
loi cho toi trong sudt qud trinh thyc hién dé tai luan 4n.

Thdi Nguyén, ngay thdng 01 nam 2016

Téac gia luan an

Nguyén Thi Mai Huong



ii

MUC LUC
LOI CAM POAN i
LOI CAM ON ii
MUC LUC iii
MO DAU 1
Lo GLOT thi€U .ot 1
2. Tinh CAp thiCt CUA TUAN AD.....v.eeeeeeeeeeeeeeeeeee e 2
3. MUC tIEU CUA TUAN AN ...oovviiieeiiiiiiieee e 4
4. Dbi tugng, pham vi va phuong phap nghién clru ..., 4
5.Y nghia khoa hoc va thuc BIBI 1ottt et et e et e et et 5
5.1. Y NhTa KNOA NOC ..., 5
5.2. Y NHTa thUC BN ....ovvveceeeceee e, 5
6. BO CUC TUAN A1t 6
CHUONG 1 8
TONG QUAN VE PIEU KHIEN DU BAO CHO HE PHI TUYEN 8
1.1. Téng quan cic cong trinh nghién ctru vé diéu khién du bdo hé phi
EUYEN 8N thE IO, ....veeveeeveeeeeeeeeeeeeeeee e, 9
1.2. Cic phuong phdp quy hoach phi tuy&n ...........ccovveveieeeeeeeeeeeeeeeeeean. 18
1.2.2. Bai toan tdi wu héa phi tuyén bi rang budc gom: Ky thuat
ham phat va ham chan, Phuong phdap SQP [3], [5[ va GA [2]........... 19
1.3. Cic phuong phap didu KDien toi Ut .........oveveveeeeeeeeeeeeeeeeeeeeee e 19

1.4. Céc cong trinh nghién cru vé diéu khién du bdo hé phi tuyén
L000) 1108 111 (0 [OOSR UPRUOPPTPPPPRRN 20

1.5. Nhitng van dé€ can tiép tuc nghién ctru vé di€u khién dy bdo cho
hé phi tuyén va hudng nghién ctru cua ludn an ..., 21

1.6. KE TUAN CRUONE 1 ..o 23



v

CHUONG 2

PIEU KHIEN DU BAO HE PHI TUYEN TREN NEN CAC

PHUONG PHAP QUY HOACH PHI TUYEN
2.1. Nguyén Iy lam viéc cta diéu khién du bdo phi tuyén............cocccevveuereenn.n
2.1.1. Cau triic bo diéu khién du bA0 .......cvovveieeeeeeeeeeeeeeeeeee s
2.1.2. K¥ thuat cai dat bo diéu khién du bdo trén nén cic phuwong
Phap quY hoACh PhE tUYEN ...,
2.2. Ap dung vao diéu khién du bdo 16p hé song tuyén...........coeveeeeeveeereennnnns
2.2.1. Thuat to4n diéu khién du bdo phi tuyén cho hé song tuyén.............
2.2.2. DKDB trén nén tdi uu héa theo sai 1éch tin hiéu diéu khién............
2.3, KE TUAN CRUONE 2 ...
CHUONG 3

PE XUAT MOT PHUONG PHAP MOI PE PIEU KHIEN DU BAO
HE PHI TUYEN LIEN TUC TREN NEN BIEN PHAN

3.1. Noi dung co ban cua phuong phap DIéN PhAN ...,
3.1.1. Nguyén 1 bién phan..........cocooeeeeeeeeeeeeeeeeeeeeee e,
3.1.2.Bo diéu khién LQR (Linear Quadratic Regulator) ...................
3.1.3. Diu kién dui cho tinh 6n dinh ctia hé LQR ...oovvvrvririenee.
3.1.4. Ap dung nguyén tic diéu khién LQR dé diéu khién t6i wu hé

tuyén tinh bam 6n dinh theo gid tri dau ra cho trude..................

3.2. Phuong phdp dé xuit dé diéu khién du bdo véi cira s6 du bdo vo
han cho h¢ song tuyén lién tyuc khong dung, bam theo duoc gia tri
GAU T2 CRO EIUGC. ...
3.2.1. Tu tudng chinh ctia phwong phap ......oocvevieeiiiiiiiiee,
3.2.2. Xay dyng thuat todn diéu Khién ...........ccocoveveveveieeeeeeeeeann,
3.2.3. Kha nang xur 1y diéu Kién rang budC...........eveveveeeeeeeeeereeeennnn.
3.2.4. Chtng minh tinh bam 6n dinh ctia phuong phdp duoc dé xuat
3.2.5. Kha ning 4p dung cho hé phi tuyén affine khong dimg............

24

24

24
26



CHUONG 4 58
THUC NGHIEM KIEM CHUNG CHAT LUQNG PHUONG
PHAP PA DE XUAT TREN POI TUQONG TRMS 58
4.1. MO hinh todn cua hé TRMS ..o 58
4.1.1. MO ta VAL 1§ hE TRMS ..o 58
4.1.2. MO hinh trra INEWION ......uuuiiiiiiieiiiiee e 59
4.2. Thiét ké bo diéu khién du bdo trén nén quy hoach phi tuyén ..................... 64
4.2.1. Thiét ké va cai dat bo diéu khién du bdo cho hé¢ TRMS.................. 64
4.2.2. MO phong trén Matlab...........oooooiiiiiiiiiiiiieeeeee e 65
4.3. Thiét ké bd diéu khién du bdo trén nén bién phan (phuong phip
diéu khién duoc 1uan 4n d& XUAL) .........ooveveiveeeieeeeeeeeeeeee e 69
4.3.1. Thiét ké va cii dat bo didu KNien ........coooveveveeiieeeeeeeeeeeeeans 69
4.3.2. M6 phong trén MatLab va so sanh, danh gid chét luong................. 70
4.4. Thi nghiém trén mod hinh vat 1y ctia hé TRMS..............cooo, 74
4.4.1. Cai dat bd quan sat Kalman ..........cccceeeeeeiiiiiieiieiiiece e 75
4.4.2. Céc két qua thue NEhIeM..........cooiiiiiiiiii e, 82
4.5, KETUAN CHUONE 4 ..o 90
DANH MUC CONG TRINH DA CONG BO LIEN QUAN DEN bE
TAL oot 92
TAI LIEU THAM KHAO 93
THENE VAL ..ot 93
THENE AN ..ot 93

PHU LUC oo e s e s e e 102



vi

DANH MUC CAC KY HIEU VA CHU VIET TAT

Cac ki hi¢u:
Ky hiéu Dién giai ndi dung day du
N, Mién (pham vi) dy bao
N, Mién (pham vi) diéu khién
I,(m) Chiéu dai ctia phan dudi cta cdnh tay don (m )
l,,(m) Chiéu dai cta phan chinh cta canh tay don (m )
l,(m) Chiéu dai cnh tay don ddi trong (m )
Iy (m) Khoang gitra canh tay don ddi trong va khop (bo néi) (m)
(NCI) Bén kinh cua hdp bdo v¢ cdnh quat chinh/dudi
m,, (kg) Khoi luong cia dong co mot chiéu dudi (kg)
m,, (kg) Khéi luong ctia dong co mot chiéu chinh (kg)
m,, (kg) Khdi lugng cua ddi trong (kg )
m, (kg) Khoi lugng cua phén dudi cua canh tay don (kg)
m,, (kg) Khdi lugng phﬁn chinh cta canh tay don (kg)
my, (kg) Khoi lugng cua cénh tay don doi trong (kg )
m,, (kg) Khdi lugng cua ludi chin dudi (kg)
m, (k) Khéi luong ciia ludi chan chinh (kg )
k, Hé s6 con quay




vil

R () bién tro phﬁn ung cia BPCMC canh quat chinh/dudi (Q)
Ly (mi) Pién cam phan tmg ciia PCMC cénh quat chinh/dudi (1)
k,p(Nm/A) Tu thong

ps (gem?) Momen quén tinh cia PCMC chinh/dudi (kgm?/s)

er/tr(kg mz/s)

Hé s6 ma sit nhét cia PCMC chinh va PCMC duéi

(kgm?/s)

E,, Ham phi tuyén ctia luc khi dong hoc tir cdnh quat chinh
va canh quat dudi (N)

g Gia tdc trong trudng (m/s*)

J, Momen quén tinh cla truc ngang (truc hoanh) (kgm?)

My ! M, Momen cta luc ma sét trong mit phang thang ding/ mat

phang ngang

kah/ v kﬂzp ’ kﬂm ’ kfvp ’

Céc hé s6 duong (Nm/AWb)

kfmz d kth/zr > kzr > km

@, Van tdc gbéc cua canh quat chinh va cdnh quat dudi
(rad/s)

Q. Van tbc gbéc cua canh tay don TRMS trong mat phéng
ngang/ mat phang thang dung (rad/s)

Uyn bién 4p DPCMC cénh quat chinh/dudi (V)

By Stre dién dong cua PCMC canh quat chinh/dudi (V)




viii

Lay/h

Dong dién phﬁn ung cua BPCMC céanh quat chinh/du6i (A)

P Tt thong ctia PCMC canh quat chinh/dudi (Wb)

M., Momen dién tir cia PCMC canh quat chinh/dudi (Nm )

M, Momen tai cia PCMC céanh quat chinh/dudi (Nm )

VY, Céc hé s6 bién dang cta chiéu dai canh tay don chinh va dudi

S, Van tc géc ciia cdnh tay don TRMS trong mit phang
thing dtng ma khong bi anh huéng boéi canh quat
duobi (rad/s)

S Van tdc géc cua cdnh tay don TRMS trong mit phang
ngang ma khong bi anh hudéng bdi canh quat chinh
(rad/s)

G(k+ilk) Pau ra dy bdo & thoi diém thir k+i so véi thoi diém thir &

u(k+ilk) Tin hiéu diéu khién & thoi diém thir k+i so voi thoi diém
thir &

Yrer Tin hiéu dit hodc dau ra qud trinh

T, Vector cua n gia tri trang thai cua h¢ tinh tai thoi diém
t=kT

Uy, Vector cia m <n gid tri tin hi¢u diéu khién (tin hiéu dau vao)

Y Vector ciia » <m gié tri tin hi€u ddp ung (tin hi¢u dau ra)




1X

€t

Sai léch

T Chu ky trich mau tin hiéu

J(U) Ham muc tiéu

u Nghiém ctia bai todn tdi uu

4 Trong s6 sai 1éch

T Trong sb diéu khién

Q Ma tran trong s sai Iéch

R Ma trén trong s6 diéu khién

A, Sai l¢ch tin hiéu diéu khién

S Ma tran c6 tit ca cdc phan tir déu bang 0

I Ma tran don vi

g Sai I¢ch gitta tham sb trang théi hién thoi va tham $6 trang
thai xac lap

p Sai léch gitra tin hiéu diéu khién hién thoi va tin hiéu diéu
khién xdc 1ap

s(U)

Ham phat




Cic chir viét tit:

ANFIS Adaptive Neural Fuzzy Inference System
BB Branch and Bound

BFO Bacterial Foraging Optimization
bCMC Dbong co mot chiéu

DKDB Diéu khién dy bdo

DMC Dynamical Matrix Control

EKF Extended Kalman Filter

FSMC Fuzzy Sliding Mode Control
GA Genetic Algorithm

GPC Generalized Predictive Control
1o Increment Input Output models
10 Direct Input Output models
IOM Input Output Models

LP Linear programming

LQG Linear Quadratic Gausian

LQR Linear Quadratic Regulator
LRPC Long-Range Predictive Control

LTI

Linear time - invariant




X1

MIMO

Multiple Input Multiple Output

MPC Model Prediction Control

MPCS Thuat toan MPC

NMPC Nonlinear Model Prediction Control
NN Neural Networks

PIDAFC PID Active force control

QP Quadratic Programing

RHC Receding horizon control

SISO Single Input Single Output

SQP Sequential Quadratic Programing
TRMS Twin rotor MIMO system

UKF

Unscented Kalman Filter




Xil

DANH MUC CAC HINH ANH, PO THI

Hinh 2.1. C4u tric co ban ctia mot hé théng diéu khién du béo 37
Hinh 2.2. So d6 khdi ciia MPC dé diéu khién hé song tuyén 44
Hinh 3.1: Hé kin vdi bd diéu khién phan hoi trang théi t6i wu LQR 60
Hinh 3.2: Md ta tu tudéng ctia phuong phap 63
Hinh 3.3. Diéu khién du bdo h¢ phi tuyén lién tuc véi clra s6 du bdo 63
vO han

Hinh 4.1. CAu hinh vat 1y cia h¢ TRMS 72
Hinh 4.2. CAu tric bo DKDB 4p dung cho thuat todn SQP 79
Hinh 4.3. Pdp tng ctia géc chao doc khi tin hiéu dat 1a xung vudng 79
Hinh 4.4. D4p tng cua géc d4o 14i khi tin hiéu dat 1a xung vudng 80
Hinh 4.5. D4p g ctia géc chao doc khi tin hiéu dit Ia substep 80
Hinh 4.6. D4p ng cua géc d4o 14i khi tin hiéu dat 1a substep 81
Hinh 4.7. So d6 céu tric E)@ DKDB phan hoi trang thdi dé tin hiéu ra 03
bam theo tin hi¢u dau ra mau cho h¢ TRMS

Hinh 4.8. Pdp tng dau ra géc dao 14i khi tin hiéu dat 1a xung vudng 84
Hinh 4.9. Pdp tng dau ra géc chao doc khi tin hiéu dit 13 xung vudng 84
Hinh 4.10. Pdp tmg dau ra géc dao 14i khi tin hiéu dat 12 substep 84
Hinh 4.11. Pdp Gmg dau ra géc chao doc khi tin hiéu dit 12 substep 85
Hinh 4.12. Luu db ctia phwong phép quan sit Kalman mé rong 89
Hinh 4.13. So 6 m6 phong kiém tra bd quan st trang thai 92




xiii

Hinh 4.14. Dép tmg du ra bd quan sét trang thai so véi ddp ing dau ra

. . 92
cua md hinh cua bién trang thai thir nhat (Q,)
Hinh 4.15. Dép tmg du ra bd quan sét trang thai so véi ddp ing dau ra 03
ctia md hinh cta bién trang thdi thir hai (S,)
Hinh 4.16. Pép tmg dau ra bo quan sét trang thdi so véi ddp tmg dau ra 03
ctia mo hinh cta bién trang thai thir ba (¢,)
Hinh 4.17. Dép tmg du ra bd quan sét trang thai so véi ddp ing dau ra o4
ctia md hinh ciia bién trang thai thir tw (Q,)
Hinh 4.18. Pép tmg dau ra bo quan sét trang thdi so véi ddp tmg dau ra o4
ctia mo hinh cta bién trang thai thir twr ndm (5,)
Hinh 4.19. Pdp tmg d4u ra bd quan sét trang thdi so véi dap Gmg dau ra

. 95
cua md hinh cua bién trang théi thr tu séu ()
Hinh 4.20. Hinh anh thi nghiém diéu khién hé théng TRMS 96
Hinh 4.21. B9 diéu khién dSPACE1103 98
Hinh 4.22. Phan mém gidm sat va diéu khién ControlDesk 99
Hinh 4.23. Pép tng dau ra cta géc chao doc khi sir dung bo diéu khién 101
du bdo tdi uu héa trén nén qui hoach phi tuyén
Hinh 4.24. Pap tung dau ra cua gbc dao 14i khi stir dung bo diéu khién du 101
béo ti wu héa trén nén qui hoach phi tuyén
Hinh 4.25. Pép tng dau ra cta géc chao doc khi sir dung bo diéu khién 102
du bdo bam 6n dinh theo tin hi¢u miu & dau ra
Hinh 4.26. Pdp ung dau ra cta géc dao 14i khi s dung bd diéu khién 102

du bao bam on dinh theo tin hiéu mau ¢ dau ra




MO PAU
1. Gi6i thiéu
Piéu khién duy bdo dya trén mod hinh (Model Predictive Control -

MPC), hay con thuong duogc goi ngén gon la diéu khién du bdo, ra doi vao
cubi thap nién 70 va dau thap nién 80 cua thé ki trudc, 1a mot xu hudng diéu
khién duoc ua chudng. Trong hai thap ky trd lai day, diéu khién du bdo da c6
nhirng budc phit trién rat ding ké, déng gép khd nhiéu cdc phuong phdp vé
mat hoc thuat cling nhu déy manh kha nang trng dung cua MPC trong thuc té,
diéu d6 duogc thé hién trong cdc tai liéu [13], [14], [15], [27], [68] v6i hon
3000 ung dung vao diéu khién qud trinh, diéu khién cdc hé co, diéu khién
robot, diéu khién cdc hé bay... Ban chit cua diéu khién dy bdo 12 st dung md
hinh tudng minh cta ddi twong dé tinh todn tdi wu cdc bién dugc diéu khién
thong qua cdc phuong phép toi wu héa. Dé thiét ké, cai dat bo dicu khién dy
bdo cho mot d6i twong cu thé, can thyc hién 3 cong viéc chinh d6 1a:

= XAy dung mo hinh du béo;

» Xdc dinh ham muc tiéu va céc diéu kién rang budc;

= Giai bai toan tdi uu.

Déi vi hé tuyén tinh viéc thuc hién cdc cong viée nay khd dé dang do da
c¢6 nhitng nghién ctru twong dbi hoan chinh. Song, ddi véi hé phi tuyén, viéc
thuc hién cic cong viéc nay con gap nhiéu khé khan, dac biét la viéc xay
dung md hinh dy bdo phi tuyén va tim thuit todn nghiém toan cuc cia bai
todn quy hoach phi tuyén. Vi vy, xu huéng nghién ctru hién nay cia MPC 1a
khai thc, 4p dung bo diéu khién nay dé diéu khién cdc ddi twong thyuc té c6
tinh phi tuyén manh, thoi gian ddp tng nhanh, cdc yéu cau vé diéu kién bi
chin nghiém ngat... ma cdc bo diéu khién du bdo tuyén tinh truyén théng nhu

GPC, DMC... kh¢ thyc hién dugc.



2. Tinh cp thiét cia luiin 4n

Diéu khién du bdo dua trén md hinh cho hé tuyén tinh da duogc phat
trién, chap nhan va tng dung cho céc nganh cong nghiép qué trinh va mot sb
linh virc khéc. Tuy nhién ddi v6i qud trinh phi tuyén (d6i twong diéu khién phi
tuyén) dic biét 1a vira phi tuyén va vira c6 nhiéu thi cic phuong phidp MPC dp
dung cho hé tuyén tinh hoan toan khong st dung duoc. C6 hai van dé khé

khin chinh d6i véi diéu khién dy bdo dua trén md hinh phi tuyén d6 la:

= Nhan dang ddi twong diéu khién hay xay dung mé hinh dy bdo sao cho
dat duoc mirc d6 chinh xdc cao nhit dé xdc dinh dugc gia tri dau ra
tuwong lai va gid tri d6 it bi anh hudng bdi nhiu qua trinh, va
= Giai mot bai toan tdi vu phi tuyén véi rat nhiéu rang budc.
Bai todn t6i uu héa véi cic diéu kién rang budc d6i khi khéng tim duoc
101 giai, nhitng trudng hop nhu vy thuét todn diéu khién tré' nén khong kha
thi. Trong truong hop nay can loai b6t hoac gisi han céc diéu kién rang budc
dé thuat toan c6 thé tim duoc 101 giai phu hgp, tao ra tinh kha thi cho bai toan
tdi wu. O MPC, viéc lam nay thuong dugc goi la tao ra tinh kha thi

(feasibility) cho bai todn.

Tém lai, vi khéng c6 mot giai phap mang tinh tong quét cho nén trong
cdc nghién ctru thudng ding cic phuong phdp quy hoach phi tuyén pho bién
nhu SQP (Sequential Quadratic programming), giai thuét di truyén (Genetic
Algorithms - GA), v.v. Do vay khdi luong tinh todn cua NMPC st dung
phuong phap s6 cling nang hon nhiéu so v4i MPC tuyén tinh, va thim chi né

con tang theo cap s6 nhan khi ta ting tim dy bdo.

Néu st dung md hinh dy bdo phi tuyén thi véi bai toan nhan dang cho hé
phi tuyén, dic biét 12 cho hé phi tuyén c6 tham sb bat dinh s& gdp rat nhiéu
kh6 khin, tham chi khi gia thiét ching ta ¢6 md hinh dy bdo phi tuyén cho dbi

tuong thi khi thyc hién giai bai toan tdi vu dé tim tin hiéu diéu khién du bdo



lai gap khé khan hon nira vi lai tiép tuc phai dung cham dén van dé giai bai
todn toi vu phi tuyén véi nhiéu rang budc va han ché, do dé can phai tra 1oi

cho céc cau hoi sau day:

Bai todn tdi uu phi tuyén d6 cé giai duge khong? Hién nay ciing chua c6
phuong phép giai bai toan tbi wu phi tuyén tong quat, hién tai méi chi c6
phuong phap diéu khién t6i wu 12 quy hoach dong Bellman, nguyén Iy

cuc dai cua Pontragin, phuong phap bién phan.

Tam dy béo cua bo didu khién du bdo 12 bao nhiéu dé hé théng kin con

dam bao tinh 6n dinh?

Tinh 6n dinh cta h¢ kin ra sao khi ctra s6 du bdo tién dén vo6 cung?

Hé théng kin c¢6 dam bao vé thoi gian tinh todn dé thoa mén tinh thoi

gian thuc trong diéu khién cong nghiép?

Tt cdc phan tich ¢ trén, ta thay rang doi véi diéu khién du bdo h¢ phi
tuyén néi chung con rat nhiéu van dé can dugc tiép tuc nghién ctru, hoan

thién. Mot s6 trong cdc van dé do la:

- X4y dung md hinh du bdo phan 4nh trung thuc dbi twong phi tuyén.
Khi mé hinh du bdo cang gan véi mé hinh d6i twong thi két qua du bdo cang
sdt va chat lugng bo diéu khién cang cao. Diéu nay rat dé thyuc hién ddi voi
dbi twong tuyén tinh, nhung di v6i hé phi tuyén van con dang 12 bai todn ma;

- Chon phiém ham muyc tiéu phi hop cho timg ddi turong, dic biét khi cdc
muc tiéu d6i nghich nhau can phai ¢ giai phdp "thoa hi¢p" gilra cdc muc tiéu
dé chon duoc phiém ham muc tiéu phit hop nhat;

- Tim ra cdc phuong phdp mdi giai bai todn téi wu phi tuyén va cai dat

ching vao b dicu khién du bdo.



3. Muc tiéu cia luin an

Muyc tiéu cua luan dn la nghién ctru dé xuat thuat todn mdéi giai bai todn
toi uu trong h¢ thong diéu khién dy bao phi tuyén MIMO.

Muc tiéu cu thé cia luin an la:

- Nghién ctru phuwong phép luan nhim xay dung bd diéu khién du béo

cho h¢ phi tuyén (n6i chung) va h¢ song tuyén (néi riéng).

- Pé xuét thuat todn méi giai bai toan ti wu trong hé¢ MPC phi tuyén.
Trong d6: khdi t6i wu héa xay dung trén nén quy hoach phi tuyén dwoc dp
dung cho md hinh khong lién tuc ciia d6i twong. Dé xuat mot khdi tdi uvu héa
ap dung phuong phdp bién phan dé dp dung cho md hinh lién tuc. Ca hai khéi
t6i vu héa nay duoc mo rong sang diéu khién tdi vu bam céc quy dao dat cho
trude, chtr khong don thuan 1a diéu khién 6n dinh. Pua ra cdc thuat todn diéu
khién cho mot 16p cac dbi twong phi tuyén.

- Khao sit hé thbng TRMS va cai dit thuat todn diéu khién du bdo trén
day vao d6i twong cu thé 1a hé¢ TRMS va mo phong kiém ching.

4. Poi twong, pham vi va phwong phap nghién ciru

- Doi twong nghién citu: Hé théng dicu khién du bdo theo md hinh phi tuyén,
céc thudt todn giai bai todn tbi wu trong diéu khién dy bdo phi tuyén; hé thong
Twin Rotor Mimo System (TRMS).

- Pham vi nghién cuu:

+ Nghién ciru, thiét ké bo diéu khién dy bdo phan hdi trang thai hé phi
tuyén bam theo tin hiéu dau ra mau véi cira s6 du bdo hitu han st dung thuat
toan SQP dé giai bai todn tdi vu.

+ Nghién ctru, thiét ké bo diéu khién du bdo phan hdi trang thai dé tin hiéu
ra bam theo tin hiéu dau ra miu cho hé phi tuyén lién tuc véi ctra sO du bdo vo

han str dung phuong phédp bién phan (DK t6i uu) dé giai bai toan tdi wu.



+ Mo phong va thyc nghiém kiém ching két qua nghién ctru 1y thuyét trén
d6i twong TRMS (chua ké dén tic dong ctia nhidu va xir 1y tic dong xen kénh).

- Phwong phdp nghién ciru:

+ Nghién ctru 1y thuyét: Phan tich, danh gia cdc nghién ctru da duogc
cong bd trén cdc bai bdo, tap chi, céc tai liéu tham khao vé diéu khién du bdo
cho hé phi tuyén; Céc phuong phép giai bai todn téi vu trong diéu khién dy
bdo. Nghién ciru, thiét ké bo diéu khién du bdo phan hoi trang thai bam tin
hiéu dau ra mau cho hé phi tuyén khong lién tuc va lién tuc khi cira s6 dy bdo
hiru han va vo han.

+ M6 phong trén Matlab - Simulink dé kiém chimng lai 1y thuyét.

+ Thyc nghiém trén hé thdéng phi tuyén dé kiém chung két qua
nghién ctru 1y thuyét.

5.Y nghia khoa hoc va thuc tién
51.Y nghia khoa hoc

Luan 4n dua ra phwong phdp ludn va d& xudt 1 thuat todn moi trong
chién luoc t6i uvu héa bo diéu khién dy bdo hé phi tuyén MIMO, gép phan bd
sung, 1am phong phu thém khéi kién thirc vé diéu khién hé phi tuyén.

5.2. Y nghia thyec tién

- Thuat todn méi dé xuat da dugc kiém nghiém qua md phong va thyc
nghiém trén hé thong thuc, qua d6 khang dinh tinh kha thi cta thudt todn ma
ludn 4n dé xuét.

- Két qua nghién ctru cta ludn 4n dd giam duogc thoi gian tinh todn khi
gidi bai todn tdi uu trong chién Iwge tdi wu héa cua diéu khién dy bdo da
khang dinh tinh kha thi ctia bo diéu khién sir dung trong cdc hé thong cong
nghiép.



- Két qua nghién ctru ctia luan 4n s& 12 tai liéu tham khao cho sinh vién
nganh diéu khién va tw dong hoéa, hoc vién cao hoc va cdc nghién clru sinh
quan tdm nghién ctu vé thiét ké bo didu khién dy bdo cho hé phi tuyén. C6
kha nang bd sung phﬁn cai dat thuat todn vé bo diéu khién du bdo cho cho hé
phi tuyén khi ctra s6 du bdo tién ra vo cling trong toolbox ctia Matlab —

Simulink.
6. Bo cuc luan an

Ngoai phan m¢ dau va két luan, ndi dung chinh cua luan an dugc trinh

bay trong 4 chuong:

Chuong 1: Téng quan vé cic phuong phép diéu khién du bdo cho hé phi
tuyén. Noi dung chuong nay téng hop cédc nghién ctru vé diéu khién du bdo cho
hé phi tuyén. Trudc tién, chi ra cdc tic gia da xdy duyng mo hinh dy bdo cho hé
phi tuyén dua trén cdc phuwong phap khac nhau, nhan xét danh gid két qua cua
cdc mo hinh. Tiép theo, tap trung chi yéu vao nhiing cong trinh da cong bd vé
cic phuong phdp diéu khién du bdo cho hé phi tuyén. Sau dé, tic gia dé cap
dén céc phuong phdp giai bai toan tdi wu cho ca hé phi tuyén khong bi rang
budc va h¢ phi tuyén bi rang budc. Phan tich, nhan dinh va rit ra y nghia vé ly
luan ciing nhu thyc tién cia cdc cong trinh d6. Cudi ciing, dwa ra cic van dé
can tiép tuc nghién ciru va dé xuat hudng nghién ctru cta luan dn cin cr vao

nhitng van d€ con m¢ chua dugc khai thac trong céc cong trinh do.

Chuong 2: Trong ndi dung chwong nay tic gia di dua ra cu tric va
nguyén 1y 1am viéc ctia diéu khién dy bdo phi tuyén, hoan thién cic budc giai
bai todn toi uu trong diéu khién du bdo hé phi tuyén trén nén quy hoach phi
tuyén thong qua thuit todn 2.1.

Chuong 3: Xay dyng phuong phép luan vé thiét ké bo diéu khién du
bdo cho hé phi tuyén. Tdc gia d& xuat mot phuong phdp diéu khién du bdo

ma&i cho h¢ phi tuyén lién tuc khi ctra s6 du bdo tién ra vo han dua trén nén



phuong phép bién phén (diéu khién t6i wu) dam bao cho hé bam 6n dinh toan

cuc v cai thién dang ké thoi gian tinh todn thé hién trong thuét todn 3.1.

Chuong 4: Trén co so 1y luan da dé xuat & chuong 2 va chuong 3, dé
kiém chimg céc két qua nghién ctru 1y thuyét téc gia da thiét ké diéu khién dy
bdo cho hé¢ TRMS thong qua md phong. Trudce tién, ludn 4n da cai dit bo diéu
khién dy bdo cho ddi twong TRMS sir dung phuong phap SQP giai bai todn
t61 wu nham thu dugc cdc két qua can thiét dé so sanh véi viée cai dat bo diéu
khién du bdo cho dbi tuong nay khi sir dung phuong phdp bién phan 1a nhirng
dé xuat méi cua luan an. Tiép d6, chimg minh kha nang tGng dung cia ly
thuyét da dé& xut trong luan 4n tic gia tién hanh két nbi va diéu khién dbi
twong TRMS thyc théng qua card chuyén d6i DSP1103 tai phong thi nghiém
bién - Dién tr truong Pai hoc Ky thuit Cong nghiép Pai hoc Thai Nguyén.
Thong qua viéc st dung b loc Kalman mé rong dé quan sat cac tham s6
trang thai ctia hé thong, luan dn dwa ra & chuong nay céc két qua thuc nghiém

trén ddi trong TRMS thuc.



CHUONG 1
TONG QUAN VE PIEU KHIEN DU BAO CHO HE PHI TUYEN

Dt van dé: Pidu khién dy bdo dya trén md hinh phi tuyén (Nonlinear
Model Predictive Control - NMPC) trong thoi gian qua da thu hidt nhiing
nghién clru cua nhiéu téc gia trong va ngoai nudc [8], [13], [14], [27], [29],
[30], [35], [36], [37], [39], [46], [47], [56], [61], [63], [64], [65], [68], [71],
[72]. Ngay nay cdc nghién ctru vé NMPC tap trung chinh vao tinh on dinh,
tinh bén vimg trong khi cdc van dé vé thoi gian tinh todn lai chua dugce quan

tam dung murc.

Dé phén tich tinh todn bai todn diéu khién du bdo cho hé phi tuyén
(NMPC), viéc két hop truc tiép mot qud trinh phi tuyén va mot cdu tric cia
MPC tuyén tinh s& din dén bai toan t6i wu quy hoach phi tuyén khong 16i
(non-convex) ma bai todn nay dé giai duogc can phai c6 nhitng rang budc vé
mat thoi gian léy mau rat chat ché. Trong MPC, thuat toan tdi wu hoa dugc ap
dung dé tinh toan chudi tin hiéu diéu khién twong lai trong pham vi diéu khién
sao cho cuc tiéu héa duge ham muc tiéu diéu khién theo céc rang budc da
cho. P4 vé6i bai todn tdi wu héa tuyén tinh 12 bai toan tdi wu héa 10i, thoi gian
hinh tuyén tinh v&i rang budc tuyén tinh va ham muc tiéu chuan bac hai thi
viéc tim 10i giai cho bai todn tdi wu héa thuong ding 1a thuat toin QP
(Quadratic programming), néu ham muc tiéu la chuin bac 1 hoac chuan véo
cling thi thuat todn dugc ding 1a LP (Linear programming). Khi ddi tugng
diéu khién 12 phi tuyén, bai todn t6i vu héa 1a bai toan khong 15i, viéc di tim
101 giai rat d& roi vao truong hop t8i wu cuc bd, do d6 viée lua chon thuét todn
diéu khién rt quan trong. Voi hé théng phi tuyén, thuat todn quy hoach phi
tuyén thuong ding 13 cdc phwong phdp phan nhdnh va gidi han (Branch and
Bound), hay SQP (Sequential Quadratic Programming), trust region, hodc céic

phuong phdp Newton, phuong phip Levenberg - Marquardt, khi khong c6



diéu kién rang budc. Tuy nhién trong sd tat ca nhitng phuong phéap quy hoach
phi tuyén ké trén, khong c¢6 mot phuong phép nao cé thé dam bao chic chin
1a nghiém téi wu tim duogc s& 12 nghiém toan cuc, néu nhu bai todn tbi uvu d6
khong 16i. Boi vdy xu hudng tiép theo dé c6 thé dam bao chic chin cho tinh
toan cuc cua nghi¢m tim dugc la sir dung cdc phuong phdp cua diéu khién tdi
vy, chang han nhu nguyén 1y cuc dai cua Pontragin, phuong phép quy hoach
dong cua Bellman va phuong phdp bién phan. Song cho tdi nay két qua
nghién ctru theo xu huéng nay 1a chua nhiéu, nhat 1a khi c6 thém diéu kién

rang budc.

1.1. Tong quan cic cong trinh nghién ciru vé diéu khién dw bao hé phi tuyén

trén thé giéi

Diéu khién dy bdo dya trén mé hinh (Model Predictive Control - MPC)
ra doi tir cudi thap nién 70 va dau thap nién 80 cua thé ki trudc va tir d6 c6
nhitng phat trién ddng ké. Py 12 mot cach tiép can diéu khién ma sir dung md
hinh twdng minh cta ddi twong dé tinh todn t&i wu cdc bién diéu khién thong
qua viéc sir dung céc phuong phdp tdi wu héa (Optimization). MPC tuyén tinh
va diéu khién ma tran dong (DMC) da rat phé bién trong hai thap nién nay.
Mic dit hau hét cdc qué trinh thuc té déu phi tuyén, song da sé cdc k¥ thuat
MPC duogc tng dung trong cdc qud trinh céng nghiép déu 1a cic md hinh

tuyén tinh vi mot trong cdc 1i do sau:
= Cdc m6 hinh tuyén tinh trién khai nhanh va dé dang so v&i md hinh
phi tuyén.
= Tinh 6n dinh va bén vitng dang con Ia thir thich d6i véi cdc mo hinh
phi tuyén.
Mot s6 cdc md hinh phi tuyén va diéu kién rang budc doi hoi phai giai bai

todn toi wu phi tuyén khong 16i nén viéc giai rat phirc tap.
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Trong nhiéu trudng hgp md hinh tuyén tinh ciing dua ra cdc két qua thoa

dang (du dung trong cong nghi¢p).

Khoang hon hai thap nién truéc day, diéu khién du bdo chii yéu dugc
khai thdc va ing dung vao diéu khién cic dbi twong tuyén tinh khong c6 rang
budc hodc rang budc tuyén tinh. Nhitng ndm gan ddy, diéu khién dy bao (MPC)
12 mot trong céc k¥ thudt tinh todn diéu khién t6i vu hién dai, dang phat trién
manh ca linh vuc ly thuyét va ing dung, va da c6 dugc vi tri quan trong trong
linh vuc diéu khién néi chung va trong diéu khién céc qua trinh cong nghiép

néi riéng 12 do MPC c¢6 nhitng uu diém ndi bat nhu [9], [33], [51]:

e Phi hop v6i mot 16p rat rong céc bai todn dicu khién, tir qua trinh c6
hang s6 thoi gian 16n va thoi gian tré 16n, dén nhitng hé phi tuyén bién

d6i nhanh,

® Ap dung dugc cho cdc qud trinh c6 s6 lugng 16n cac bién di€u khién va

bién duoc diéu khién,

e D¢ dang dép ting duogc cédc bai todn di€u khién cé rang budc cé vé trang
thai va tin hi¢u dicu khién,

e (Céc doi tugng dicu khién thay doi va sy co thict bi,

e L bai todn dya trén nén t6i wu nén c6 kha nang ning cao tinh bén viing
ctia hé thong dbi véi sai Iéch md hinh va nhiéu.

Ban diu MPC chu yéu chi duoc dp dung cho hé tuyén tinh, bién d6i
cham. Song do sy phét trién manh mé cua cong nghé thong tin di cai thién
déng ké téc do tinh todn ctia mdy tinh nén da khic phuc han ché vé khéi
luong tinh toan 16n, va tir &6 md rong pham vi tng dung cho ca nhitng d6i

tuong bién d6i nhanh, phi tuyén, c6 khéi luong tinh todn rat 16n.

Diéu khién dy bdo dua trén mod hinh la sy két hgp cua mot s6 linh vuc

da duoc phat trién trong linh vuc diéu khién, dién hinh d6 12 hai linh vyuc diéu
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khién t6i uvu va nhan dang hé théng. Ngay nhu tén caa né “diéu khién dy bdo
dua trén mo hinh” ¢6 nghia 12 trong d6 can phai sir dung mot mé hinh dy bdo
dé uoc lugng (dy bdo) cac gia tri dau ra trong tuong lai dé phuc vu cho bai
todn diéu khién. Diéu khién dy bdo dya trén md hinh c¢6 thé thoa man dugc
cdc diéu kién rang budc vé mit vat 1y cua qua trinh (nhu d0 m¢ van, cac han
ché cta co cau chép hanh, céc gi¢i han cuia tin hi¢u diéu khién v.v) trong thiét
ké bo diéu khién va chuyén bai todn thiét ké bo diéu khién thanh mot bai toan
toi wru. Theo thong ké cua tic gia trong [49] dd c6 hon 3000 (mg dung cta
MPC di duoc thuong mai héa trong céc linh vuc khic nhau bao gdm: cong
nghé loc héa dau, cong nghé ché bién thuc pham, cong nghé 6 to, cong nghé

khong gian, cong nghé bot gidy va gidy v.v [48].

Vi nhitng 1i do trén day viéc tng dung cdc k¥ thuat diéu khién dy béo
dua trén mo hinh phi tuyén trong thuc té van dang con nhiéu han ché. Vi vay

tiém nang nghién ctru va tng dung cua k¥ thuat nay thyc su rat 16n [17].

Hau hét céc ddi twong can diéu khién trong thuc té déu phi tuyén, dé
diéu khién ddi tugng phi tuyén, viéc trudc tién phai xdy dung mé hinh, cic
md hinh phi tuyén can phai tién hanh mo hinh héa bang céch sir dung giai tich
xap xi [13], [14], [271, [29], [37], [56], [63], [68], [72] hodc tri tué nhén tao
dua trén kinh nghiém [11], [31], [62] nhu mang noron va wavelet. Mbi mot
16p md hinh c6 nhitng wu, nhuoc diém riéng. Nhiéu trudng hop cdc mod hinh
phi tuyén c6 thé dugc biéu dién tron ven khi sir dung md hinh tuyén tinh
nhiéu bién [13], [18], [29], [56] hodc md hinh tuyén tinh thich nghi [29], [37],
[63], [72]. Pé md hinh héa mot hé thng st dung k§ thuat mé hinh héa nhiéu
bién (da mé hinh) thi mién diéu khién cta hé thong tuyén tinh phai dwoc tich
ra thanh mot s6 mién con va thyc hién tuyén tinh héa trong mdi mién con doé.
Vi vay, dua trén diém 1am viéc hién tai cia hé théng, mo hinh tuyén tinh dugc
st dung dé dy bdo dau ra cta qua trinh. Vi du: Aufderheide (2001) da dé xuit

md hinh diéu khién du bdo voi thoi gian tré chu yéu dua trén chién lugc md
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hinh nhiéu dau vao cho mot 16p cdc mod hinh bac nhat cé tré [13], [14]. Mot
chién lugc diéu khién thich nghi da mo6 hinh ddi véi diéu khién ma tran dong
hoc nhiéu bién da dugc dé cap trong [27]. Tac gia nay so sanh céac dau ra cua
bo diéu khién DMC tuyén tinh nhiéu vao tng v6i mé hinh dép ng budc cia
ching. Wan va Kothare (2004) da dé cap dén so dd diéu khién du bdo phan
hdi dau ra on dinh cho cédc hé théng phi tuyén bi rang budc [68]. Cic tic gia
nay da dua ra mdt tdp hop cic bod diéu khién du bdo phan hoi dau ra dia
phuong véi cdc mién udc luong cua ching 6n dinh trong mién diéu khién
mong mudn va di cai dit truc tuyén thanh so ¢ MPC don gian. Mot phuong
phap xap xi thich nghi md hinh nhiéu dau vao da dugc dua ra trong khung
chuong trinh diéu khién dy bdo theo md hinh dé tinh todn sy bién doi va diéu
khién cdc rang budc [56]. Trong trudng hop cdc hé thdng bac cao v6i nhidu
dau vao thi rat khé tim ra mé hinh tuyén tinh trén toan mién diéu khién. Vi
vay, dbi voi cdc hé théng phi tuyén manh va cira sé du bdo rong thi viéc tuyén
tinh héa md hinh MPC nhiéu dau vao st dung mot 16p mé hinh tuyén tinh

trong su6t pham vi du bdo van khong thé dam béo.

Mit khac, phuong phdp md hinh héa tuyén tinh thich nghi dé cap nhat
md hinh tuyén tinh theo dit liéu do duoc hodc tuyén tinh héa md hinh ddi
tuong phi tuyén cling duoc mot sb tic gia dé cap dén. Vi du diéu khién dy bdo
theo md hinh tuyén tinh thich nghi dugc dua ra dé cap nhat truc tuyén mo
hinh tuyén tinh dya trén dit liéu do dugc dé diéu khién ddi twong bat dinh
[29], [37]. Zhang va Zhang (2006) dé xuat mdt phuong phép, sir dung gia
dinh timg phan bat ngudn tir dong hoc tuyén tinh mot hé phi tuyén tai mdi
budc diéu khién ham du bdo dé tao thuan loi cho phuong phép t6i wu binh
phuong cuc tiéu tuyén tinh [72]. Trong [63], tdc gia so sdnh cdc tham $6 udc
lugng va thuét toin MPC thong qua sir dung cdc hé théng roi rac héa tuyén
tinh. Li va Biegler (1989) da d¢ xuat chién lugc diéu khién Newton nhiéu

budc ddi véi cdc qua trinh phi tuyén bi rang budc trong d6 mé hinh phi tuyén
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duoc tuyén tinh héa xung quanh diém 1am viéc va giai bai todn tdi uu toan
phuong trén cira s6 dy bdo [38]. Ho dd md rong phuong phdp dé xuét trong
khoang 1am viéc uu tién [38] dé dit chi s6 dic tinh vao bén trong dang sb gia

diéu khién va thyc hién mot sb thay ddi nhu mé rong cua s6 du bdo dén o [22].

Trong [16], tic gia di chi ra v6i ham muc tiéu c6 cira s6 du bdo hitu
han thi sy 6n dinh vong kin cua MPC néi chung khong dugc dam bao. Vi vy,
céc nghién ctru tiép theo can phai thuc hién 12 ham muc tiéu c6 cira s6 dy bdo
tién ra vo clng hoac théa man céc diéu kién rang budc. Trong diéu khién du
bdo thi phwong phdp rang budc diém cudi da duoc dé xuat rong rii dé xét on
dinh cho ca cic hé thdng MPC tuyén tinh va phi tuyén, ca hé roi rac va hé lién
tuc. Bﬁng viéc bd sung thém ham phat vao ham muyc ti€u, Bitmead (1990) da
dua ra diéu khién dy bdo 6n dinh cho cdc hé thong tuyén tinh khong bi rang

budc [16].

Rawlings va Muske (1993) dé dua ra bo diéu khién c6 pham vi du bdo
vo han dé xét tinh 6n dinh cua céc d6i tuong tuyén tinh 6n dinh va bat dinh
[57]. Mot so d6 ma cira s6 du bdo gén nhu vo han duogc dua ra dé dam bao 6n
dinh bo diéu khién du bdo phi tuyén bat dinh véi céc rang budc dau vio.
Scokaert (1999) di nghién ctru ti mi céc diéu kién dudi dé céc bo diéu khién
du bdo theo md hinh cén tdi vu duoc 6n dinh [58]. Céc dic tinh bén viing cia
bo diéu khién dich dan vé twong lai phi tuyén véi céc rang budc diém cudi d
duoc nghién ctru ti mi véi mong mudn khuéch dai va bd sung thém nhidu.
Michalska va Mayne (1993) da dua ra bo diéu khién dich dan vé tuong lai ché
d6 kép cho mot 16p rong céc hé thdng phi tuyén véi cdc rang bude diéu khién,
rang budc trang thdi va sai s6 mo hinh [44]. Mot nghién ctru day du vé ca
MPC tuyén tinh va MPC phi tuyén khi tdp trung vao cic diéu kién du dé dam
bao on dinh va bén vitng [43]. Bai bdo xét dén ca sy on dinh va tinh bén viing
ctia k¥ thuat MPC phi tuyén c6 thé thdy trong [20]. Jadbabaie (2001) dua ra

MPC phi tuyén 6n dinh st dung di€u khién t6i uu véi ctra s6 du bdo hitu han
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khong bi rang budc [33]. Phuong phéap xap xi cudi cta cira s du bdo vo han

cost - to - go sir dung ham Lyapounov diéu khién tuwong thich.

Cic tic gia Poignet va Gautier (2000) da dua ra MPC phi tuyén cho
mdy diéu khién robot va thi nghiém véi md hinh dong hoc tuyén tinh héa va
t6i uvu héa [47]. Wroblewski (2004) d3 dp dung MPC dé diéu khién mdy diéu
khién 6 bac ty do dé thir nghiém giam sai s6 ¢ cudi pham vi dy bdo tét hon 12
tim giai phdp t6i wu dé giam khéi luong tinh todn [71]. Mot su xap xi MPC
phi tuyén cling duoc dua ra dé diéu khién nhiéu mdy bay tu l4i trong mdi
truong phirc tap; Viée xap xi nay phdi hop véi su On dinh cta dong hoc mdy
bay va sy phét sinh quy dao phén tdn qua viéc két hop chic nang tiém tang
[61]. M6 hinh héa, diéu khién va ra quyét dinh dbi voi céc robot bay dugc
thao luén [29], trong d6 cdc tic gia da thiét ké diéu khién bam sir dung MPC
phi tuyén. Trong [65], tic gia dé cap viéc tng dung MPC cho bd din dong
song song. Trong nhitng nghién ctru d6, mot chién luoc PKDB dya trén md
hinh dong hoc don gidn dugc cai dat. Kawati (2002) da st dung su xép X1
RHC (Receding Horizon Control) phi tuyén diéu khién sy truyén dong robot
[36]. O tai liéu nay cdc tic gia da dua ra so dd RHC 6n dinh dya trén ham
Lyapunov diéu khién va luat diéu khién phan hdi twong Gmg. Gu (2005) ciing
str dung bo diéu khién RHC dé diéu chinh robot di dong khong holondm [30].
Trong nghién clru nay sy 6n dinh cua RHC duogc dam bao béng viéc thém vao
ham phat trang thdi cudi cia ham muc tiéu va dai (pham vi) trang thdi cubi
ctia cdc rang budc tdi wu héa. Sy dia phuong héa va didu hudng cua truyén
dong robot st dung k¥ thuat NMPC (Nonlinear Model Prediction Control)

dugc dua ra trong [19].

Téc gia Akbar Rahideha, b, *, M. Hasan Shaheedb (2012) da st dung
su bién ddi MPC Newton dugc dua ra dé diéu khién hé théng phi tuyén bi
rang buéc MIMO [55]. Pdy 12 mot bién thé cua tic gia Li va Biegler (1989)

trong [38]. Su khéc biét gitta nghién ctru nay va nghién ciru gdc 1a cdch 1ap
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cong thuce (cdch trinh bay). Li va Biegler miéu ta phan ddu vao cta ham muc
tiéu dya trén sy khdc nhau giita quy dao dau vao hién thoi va xung quanh
diém lam viéc. O ddy Akbar Rahideha, b, *, M. Hasan Shaheedb sir dung du
vao khic nhau giita hai 1an 1dy mau lién tiép trong su6t pham vi diéu khién.
Néu tat ca cdc bién trang thai cua hé théng déu do duoc hodc quan sat duoc
thi phai sit dung MPC phan hdi trang thai. Tuy nhién, MPC phi tuyén phan
hodi dau ra c6 thé dat dugc khi lién két véi MPC phi tuyén phan hdi trang thai
va mot bo quan st trang thai [21], [28], [32]. Su 6n dinh, sy bén vimg va dic
tinh cia MPC phi tuyén phan hdi dau ra da duoc nghién ctru trong [32],
nhung trong tai liéu nay sy 6n dinh cia MPC phi tuyén phan hdi dau ra duoc
dua vao bén trong phép tinh. Kothare va Morari (2000) da sir dung thém cac
diéu kién rang budc trang thai (con goi la rang budc rut gon - contractive
constraint), dé chirng minh dac tinh on dinh manh xung quanh diém lam viéc

cia MPC ddi v6i cédc hé théng phi tuyén bi rang budc [21].

O’Brien (2006) d3 sir dung md hinh trang thdi phu thudc dé thiét ké bo diéu
khién du bao theo mo hinh cho hé théng nudc thai [46]. Dua trén mo hinh
khong gian trang thdi phu thudc trang thdi (state - dependent state-space
model), xdy dyng mo hinh thoi gian bién d6i tuyén tinh st dung quy dao
tuong lai xac dinh thong qua bo diéu khién du bdo. Mot so d6 Newton dé giai
quyét viéc xap xi truc tuyén céc bai todn tdi wu héa cho diéu khién phan hoi
t6i uu duoc dua ra trong [23]. Thong qua viéc xap xi diéu khién phan hoi tbi
vu chinh x4c thi anh hudng ciia nhiéu tic dong nhanh cé thé dat duoc. Diehl
(2005) da nghién ctru vé phuong phap Newton dé t6i uu héa truc tuyén trong
NMPC dugc goi 1a so do lip thoi gian thuc, chi voi 1 vong lap dd dua ra duoc
quy tic ma hoéa nén thoi gian trich mau dé c6 duge thuat todn tdi vu héa truc

tuyén nhanh [24].

Hon nira, mot s6 cdc mod hinh dugc xay dung trong linh vyc diéu khién

bén virng. MPC bén virng dugc nghién clru toan di¢n trong céc tai licu [34],
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[43]. Mot nghién ctru dua trén sy bén viing von ¢6 cia MPC trong [43], trong
d6 boé qua do bat dinh da dugc Nicolao va Magni thuc hi¢n lan luot trong
truong hop MPC cho hé théng c6 thoi gian gidn doan va thoi gian lién tuc.
MPC min - max da duoc dé xuit trong mot s6 céc cong trinh, trong [42], tac
gia khang dinh vong ho min - max duoc bao toan thyc sy va vi thé ma mot
phuong 4n phan hdi MPC dugc dé& xuét trong [19], [26], [40], [58], [67].
Cuzzola (2002) da cai tién luat diéu khién phan hoi trang thdi nhim cuc tiéu
héa ham myc tiéu véi ctra s6 du bdo vd han phu thudc vao cdc diéu kién rang
budc sir dung ham Lyapunov tmg véi timg dap ng tai mdi dinh khic nhau
ctia da dién bat dinh thay vi diing ham Lyapunov don [19]. Trong [40], Mao
(2003) da khéc phuc 16i ctia [19] va hoan thién nghién ctru nay. Mot sy cai
tién khéc dua trén nghién ctu cua [19] dugc dua ra trong [26] bﬁng cich bd
sung thém N khoang dich chuyén diéu khién ty do trude luat phan hoi tuyén
tinh. Khai niém ellipsoid bét bién on dinh tiém can dugc dung dé phat trién
mo hinh MPC bi rang budc bén vitng. Phuong phap dua ra mot chudi cic luat
diéu khién tuong minh (explicit) tng véi mot chudi ellipsoid bat bién 6n dinh
tiém can c6 cau tric ngoai tuyén, trong khong gian trang thi & tai lidu [67].
Scokaert va Mayne (1998) da phac hoa chi tiét cach xdy dung MPC min -
max, trong d6 gidi thiéu khai niém phan hdi (presenting feedback) trong khi
tién hanh diéu khién [48]. Wang va Rawlings (2004) di b6 sung thém phuong
phap MPC bén viing dé dam bao on dinh va offset - free diém dit bam trong
su hién dién ciia md hinh bét dinh [69]. BO diéu chinh bén vimng sir dung mot

quy dao tu do dé dy bdo mo hinh bat dinh thoi gian bién doi.

MPC phan hdi dau ra bén vitng gan ddy ciing duoc nghién ciru trong
cdc cong trinh [25], [42], [66]. Wan va Kothare (2002) da phét trién MPC
phan hdi du ra ngoai tuyén, trude tién 12 mot bd MPC phan hoi trang thdi bi
rang budc bén virng ngoai tuyén va mot by udc lugng trang thai duoc thiét ké

doc 1ap roi sau dé phdi hop sy 6n dinh bén vitng cua bd di€u khién va phan
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tich ham udc lugng [66]. Néu sy 6n dinh bén virng khong thdo man, vi¢c thiét
ké bo diéu khién va ham udc luong duoc 1ap lai théng qua mot bo tham sb
méi dé thu duoc két qua théa man. MPC phan hdi dau ra bén virng cua cc hé
thng bi rang budc, tuyén tinh va thoi gian roi rac trong bé mit trang théi bién
va cédc nhidu ddu ra duoc dua ra boi Mayne trong [42]. Phuong phép nay bao
gdém su uéc luong trang thai Lueberger 6n dinh trong d6 céc sai 1éch cua né
dugc gidgi han béi mot tap hop bat bién va mot sy 6n dinh bén virng MPC.
Trong [25], Ding (2007) dd dwa ra phuong phép tong hop MPC bén ving
phan hdi dau ra cho cdc hé thong dugc miéu ta boi siéu dién, nhidu trang thai
dugc gidi han va do dugc nhiéu. Mot chudi luat phan hdi dau ra duogc goi 1a
ngoai tuyén dya trén bo udc lugng trang thdi thong qua viée giai bai todn tdi
wu LML O mdi mét bude, luat phan hdi dAu ra tién dung dugc lya chon tryc
tuyén tir nhitng chudi nay. Lwu y rang hau hét cidc phuong phap MPC phan

hodi diu ra bén vimg déu khé thyuc hién trong cédc hé diéu khién thoi gian thuec.

Téc gia Akbar Rahideh (2009) ctia luan 4n [10] dd dé cap twong ddi day
du va chi tiét vé hé phi tuyén TRMS, tdc gia cta luan 4n nay di tién hanh xay
dung md hinh todn ddi twong phi tuyén TRMS theo md hinh hop tring dua
trén nén phuong phap Newton va Lagrange dé xdy dyng md hinh todn mot
bac ty do theo phuong doc va mot bac tuy do theo phuong ngang tr d6 xay
dung md hinh hai bac ty do cua ddi tuong va so sanh hai mé hinh nay véi
nhau cho két qua sai l¢ch rt nho. Xay dung mo hinh toan cua ddi tugng theo
mo hinh hdp xdm va cd mo6 hinh hop den (day la dong gép chinh cua ludn an);
Khi xdy dung mo6 hinh theo md hinh hop xdm tic gid nay da st dung gidi
thuat di truyén dé tinh todn tdi wu cdc tham sd trong qud trinh nhan dang; Sir
dung phuong phdp xap xi mang noron dé xdy dung md hinh hop den; nodi
dung luan 4n nay cling xét dén tinh 6n dinh cua ddi twong phi tuyén TRMS
dua theo phuong phap rang budc diém cudi; xay dung bo diéu khién du bdo

cho do6i tugng nay véi ctra s6 du bdo hitu han; cling trong luan dn nay con dua
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ra viéc xay dung bd diéu khién du bdo phéan hdi dau ra dé diéu khién hé phi
tuyén TRMS. Ngoai ra luin 4n d6 cling dé cap dén bo quan sit trang thai
thong qua EKF (Extended Kalman Filter) va UKF (Unscented Kalman Filter).
Tir viée tiép can, dén nghién ciru cdc két qua dua ra trong luan 4n nay, phan
tich cdc van dé con chua duoc khai théc cua ludn 4n, t6i nhan thay, khi xay
dung bo diéu khién dy bdo dé diéu khién ddi tugng phi tuyén TRMS trong

luan 4n trén con gidi han & pham vi nghién clru cu thé sau:

e Pi sir dung cdc dinh luat cin bang cia Newton va Lagrange dé xay
dung mo hinh todn cho ddi tuong phi tuyén TRMS mét bac tu do theo
phuong doc, mot bac tu do theo phuong ngang va hai bac tu do, trong

d6 c6 dé cap dén hau hét cdc luc tic dong dén hé théng.

e MGJi sit dung duy nhit phuong phdp SQP giai bai todn tbi wu dé tim gid
tri cuc tiéu ctia ham muc tiéu. Pay 12 mot trong cdc phuwong phédp thudc
quy hoach phi tuyén dé giai bai toan t6i wu.

e Xét tinh 6n dinh ctia hé thdng phi tuyén TRMS dua trén phuong phép
rang budc diém cudi, dua ra ham phat nhung chuwa chi ra quy luat tim
ham phat d6 nhu thé nao.

e Ciras6 dy bdo hitu han (N, =20; N, =15).

Trong di€u khién du bdo mdt trong hai cdng viéc vO cung quan trong la
phai giai bai todn toi uu phi tuyén vdi cac rang budc. O hau hét céc cong trinh
nghién ctru vé diéu khién t6i uu cho h¢ phi tuyén cac tic gia da st dung 2 chién

lugc giai bai todn tdi wu co ban 1a: quy hoach phi tuyén va diéu khién tdi uu.
1.2. Cac phuong phap quy hoach phi tuyén

Noi dung chi tiét ciia cdc phuong phdp quy hoach phi tuyén dugc dé

cap chi tiét trong céc tai lidu [3], [5]. Cdc phuong phép co ban nhu sau:
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1.2.1. Phi tuyén khong bi rang budc
1.2.1.1. Ciac phwong phap Line search gom: PP Gadient, PP Newton-
Raphson (Quasi Newton), PP Gauss — Newton

+ Uu diém: don gian, dé cai dat...

+ Nhuoc diém: c6 thé tim duoc nghiém tdi vu dia phwong, khéng tim duoc

nghi€m to1 uu toan cuc.

1.2.1.2. Tim khéng theo hwéng gdém: Phuong phdp Levenberg —

marquardt, Phuong phdp mién tin ciy
+ Uu diém: don gian, dé cai dat...

+ Nhuoc diém: c¢6 thé tim duoc nghiém tbi uu dia phuong, khong tim duoc

nghi€m to1 uu toan cuc.

1.2.2. Bai toan t6i wu héa phi tuyén bi rang bugc gom: Ky thuat ham phat
va ham chan, Phwong phap SQP [3], [S[ va GA [2]

+ Uu diém: D& dang xir 1y dugc céc diéu kién rang budc, ké ca cdc diéu
kién rang budc vé gid tri tin hiéu diéu khién, vé sd gia cta tin hiéu diéu
khién va vé bién trang thdi cta hé thong.

+ Nhuoce diém: Chi ap dung duogc cho bo diéu khién dugc xay dung tir mod
hinh khong lién tyc cta dbi tuong; Chi sit dung duoc vdi cua s6 du béo hitu
han, do d6 dé dam bao duoc chat luong 6n dinh hodc bdm dn dinh theo gia
tri dat trudc can phai chon dwge mot ham phat thich hop.

1.3. Céc phwong phap diéu khién t6i uu

Cic phwong phap diéu khién t6i wu gdm: Phwong phap bién phéan, nguyén
1y cuc dai, phwong phap quy hoach dong

+ Uu diém: D& dang dp dung dugc cho hé phi tuyén lién tuc va khong dimng
chtr khong chi riéng hé song tuyén; ap dung dugc vdi cua $6 du bao vo han

nén khong can c6 thém ham phat, von rat khé, tham chi chwa ¢ goi y hitu ich
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ndo cho viéc xdc dinh ching. Thoi gian tinh todn khi giai bai todn toi uu
trong chién luoc tdi vu héa duge cai thién dang Ké.

+ Nhuwoc diém: Khé xir 1y cdc diéu kién rang budc phirc tap.

1.4. Céc cong trinh nghién ciru vé diéu khién dw bao hé phi tuyén trong nuwéc

Trén thé gidi diéu khién du bdo da duogc rat nhiéu céc tic gia quan tim
nghién ctru. O Viét Nam, van dé nay cling dugc mot s6 hoc gia tiép can,
nghién cuu trong khoang hon mot thap nién tr¢ lai day. Céac két qua nghién
ctru chu yéu la cac luan van thac si cua cac hoc vién cao hoc thudc Pai hoc
Biach Khoa Ha Noi, Dai hoc Bach Khoa Thanh phd H6 Chi Minh, Pai hoc K§
Thuat Cong nghiép Thai Nguyén. Ciing v6i xu hudng phit trién cua thé gidi,
& trong nudc viée nghién ciru vé diéu khién du bdo hé tuyén tinh nhu GPC,
DMC... da dugc thuc hién tuwong ddi tron ven. Bén nay, diéu khién du bdo hé
phi tuyén da va dang duoc nghién ctru bdi nhiéu nha khoa hoc, cdc nghién
cuu sinh va cac hoc vién cao hogc tai cac truong DPai hoc, cdc Vién nghién

ctru... Mot s6 nhitng cong trinh nghién ctru cy thé nhu sau:

Trong tai liéu [1], tdc gia cua ludn 4n nay da xay dung bo diéu khién dy
béo phan hdi dau ra theo nguyén 1y tich cho hé phi tuyén. Noi dung ciia luan
an nay da c6 nhiing déng gép co ban:

- Pua ra tiéu chuan 6n dinh ciia hé¢ DPKDB phan hdi trang thai cho hé phi
tuyén ma & d6 ham muc tiéu c6 cu tric bién ddi theo ctra s6 dyu bdo trén truc
thot gian;

- X4y dung bo diéu khién dy bdo phan hdi trang thai cho hé phi tuyén va diéu

kién dé hé kin thu dwoc 12 6n dinh tiém cén;

- Xay dung thut todn quan sét trang théi tdi vu cho hé phi tuyén va diéu kién
dé bo quan sat d6 tré thanh bd quan sét c6 khoang thoi gian sat hitu han;

- Pua ra diéu kién du dé hé phi tuyén 1a quan sat déu va xay dung thuat todn

quan sdt trang thdi tdi uvu cho hé phi tuyén;
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- Pua ra diéu kién du dé bo diéu khién du bdo phan hdi dau ra, xay dung trén
nén nguyén 1y tach, lam hé phi tuyén noi chung va hé phi tuyén noi riéng 1a

on dinh tiém can.

Trong tai liéu nay khong tap trung vao viéc nghién ctru vé chién luogc tbi
ru héa trong diéu khién du bdo ma chi yéu dé cdp dén viéc xdy dung bé diéu
khién dw bdo phdn hoi dau ra theo nguyén 1y tdach cho hé phi tuyén dé xét tinh
on dinh tiém cén cta hé do d6 chua dé cap dén tinh bam 6n dinh cta hé théng
diéu khién du bdo cho hé phi tuyén, va mé hinh ddi twong ma téc gia nay sir

dung van 12 md hinh khong lién tuc.

Trong tai li€u [6], tdc gia cua luan 4n nay da thuc hién xay dyng md hinh
thich nghi tham s truc tuyén trén co s& udc luong tham sé mo hinh md cho
dbi tugng phi tuyén c6 thanh phan bat dinh 12 ham s6. Luan 4n nay ciing da
phét biéu va ching minh tinh 6n dinh cho hé kin khi sir dung bd diéu khién
thiét ké bang giai thuat du bdo thich nghi. Luan 4n nay ciing khéng nghién
ctru chién luge tdi wu héa trong didu khién du bdo ma di sdu vao viéc xay

dung mo hinh.

1.5. Nhiimg van dé cin tiép tuc nghién ciru vé diéu khién dw bao cho hé phi
tuyén va huéng nghién ciru ciia luin 4n

Théng qua viéc gi6i thidu va danh gid vé cdc cong trinh dd nghién ctu
vé diéu khién dy bdo cho hé phi tuyén; dua ra cdc phuong phép giai bai todn
t6i wu trong diéu khién du bdo 12 quy hoach phi tuyén va diéu khién tbi uu
trong muc 1.2 va muc 1.3 ta thay ring mdi phwong phép c¢6 wu, nhuoc diém
riéng. Mic dau di dat duoc nhitng két qua dang ké ca trong 1y thuyét va tng
dung thyc tién, song diéu khién du bdo (dic biét ddi voi diéu khién du bdo hé
phi tuyén) van con mot s6 van dé ton tai can duoc tiép tuc nghién ctru hoan

thién, do6 la:
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- Nang cao dd chinh xdc cua md hinh dy bdo, cdc m6 hinh du bdo trong
cdc cong trinh d3 cong bd tuy dd ké dén tinh phi tuyén nhung di bo qua (hodc
chua ké dén) tinh chét vat 1y cta ddi twong diéu khién nhu bién dang dan hoi
cua vat li€u, ma sat gitta cac by phan tiép xuc, do do cua co cAu truyén dong

nhu banh rang, truc vit, banh vit, dai truyén, V.V...

- Chua c6 cong trinh nao dé cap dén viéc chon va thoa hi¢p gilra cic
phiém ham muc tiéu doi nghich nhau khi thuc hién thuat todn t6i uvu héa trong
diéu khién dy bdo phi tuyén.

- Tim ra thuat todn moi dé giai bai todn to6i wu nham cai thién tdéc do
tinh todn va nang cao dJ chinh xéc, tinh 6n dinh, mé& rdng tam du bdo cua

diéu khién dy bdo phi tuyén, dic bi¢t doi voi hé phi tuyen.
Hwong nghién ctru ciia luin an
Dua trén cdc phan tich va nghién ctru ctia cdc bai bdo, cic cong trinh da

cong bd trong va ngoai nudc, dic biét dwa vao tai liéu [10], tic gia nhan thay:

Tir trude dén nay, trong diéu khién dy bdo ngudi ta bat budc phai str dung mo
hinh khong lién tuc ctia d6i twgng ciing nhu cira s6 du bdo hiru han, vi chi nhu
vay moi ¢ thé dp dung dugc cdc phuong phédp t6i wu héa (nghia 1a giai bai
todn tbi uu béng cdc phuong phdp quy hoach phi tuyén). Trong ndi dung cua
luan 4n nay tic gia dé xuét thuat toan sur dung tryc tiép mo hinh lién tuc vao
diéu khién dy bdo va nghi¢m tdi wu trong cua s6 du bdo hién tai dugc tim
theo phuong phép bién phan cua diéu khién tbi wu thay vi céc phuong phép
t6i wu héa nén ctra s6 du bdo mé rong dén vo cung. Vi vay, tic gia da dé xuét
hudng nghién ctru cua luén an la:

Nghién ciru, x4 y dung thudt todn méi gidi bai todn 16i wu ciia chién lroc
10i wu héa trong diéu khién di bdo phi tuyén véi muc dich mé réng cira s6 dw

bdo den vo cung nham ndng cao tinh on dinh va chinh xdc cua hé thong.
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Pong thoi rit ngdn thoi gian tinh todn khi gidi bai todn toi wu so véi cdc
phirong phdp da dé cdp trude do.
1.6. Két luan chuwong 1

Chuong 1 cta luan 4n di tap trung nghién ctru van dé tong quan vé diéu
khién du bdo cho hé phi tuyén, d cap va phan tich cc cong trinh, bai bdo cua
cdc tdc gia trong va ngodi nudc xung quanh van dé ndy. Ciing trong chuong
ny tic gia da théng ké cdc phuwong phdp giai bai toan tbi uu trong diéu khién
du bdo 4p dung cho ca hé phi tuyén khong bi rang budc va hé phi tuyén bi
rang budc, néu ra nhitng vu, nhuoc diém cua mdi phuong phép d6. Can ctr
vao viéc phan tich, tong hop va nghién ctru kha k¥ ludng nhitng van dé ma
cdc nha nghién ctru dd dua ra, cudi chuwong tic gia da dua ra nhitng van dé can
tiép tuc nghién ciru vé diéu khién du bdo cho hé phi tuyén va huéng nghién

ctru cua luan an.
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Equation Chapter (Next) Section ICHUONG 2

PIEU KHIEN DU BAO HE PHI TUYEN TREN NEN CAC PHUONG
PHAP QUY HOACH PHI TUYEN

Trong chuwong nay luan 4n s& trinh bay ciu tric diéu khién du bdo chu
dao hién nay dang duoc dp dung cho hé phi tuyén néi chung va hé song tuyén
néi riéng, vi né gan nhu ddp tng dugc cic yéu ciu rang budc ciia bai todn
diéu khién. Cdc bd diéu khién du bdo duoc luan 4n trinh bay & muc 2.2 di ddp
ung dugc nhitng diéu kién bj chin cua bai toan diéu khién, song lai bi han ché
vé tdc db tinh todn, khé dp dung vao diéu khién thoi gian thuc, va quan trong
nhét 1a han ché vé tinh hitu han cta cira s6 dy bdo N, . Do tinh hitu han nay
ctia cira sO du bdo ma kha ning 6n dinh hé thong ctia bo diéu khién 1a chua
duoc dam bao, néu nhu khong st dung thém k¥ thuat ham phat cho diém
trang théi cudi. Hon thé nita, tat ca cdc bd diéu khién du bdo nay déu 1am viéc
trén mién thoi gian khong lién tuc, trong khi dbi tuong thuc té lai ludn ton tai

¢ dang lién tuc theo tho1 gian.
2.1. Nguyén Iy lam viéc ciia diéu khién du bao phi tuyén

Hinh 2.1a) biéu dién céu tric co ban ciia mot hé thdng diéu khién du béo.

a) Phwong phap b)
t0i wu hoa )

¢ ., cuasodybdoN,

Y., Ham muc| .o | Qué trinh D >

e UC| u Y cilaso diéu khién N,
—=  tieu BTPK) [l s 1 kT
7 Mo hinh k E+N, -1 k+N, -1

DB m

Hinh 2.1.Cdu triic co ban ciia mot hé théng diéu khién du bdo

Heé thong diéu khién du bdo 1am viéc theo nguyén ly:
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1. Thtr nhét, xdy dyng md hinh déi twong du bdo cdc dau ra tuong lai cho
mot pham vi (tdm) xdc dinh truéce, goi 1a tim dy bdo N, & mdi thoi diem
ldAy miAu k. Nhimg dau ra dy bdo ndy, ky hiéu bai
g)(k+i|k),z' =12, ...,N,, tinh tr thoi diém k, sé& phu thudc vao tin hi¢u
diéu  khién  twong  lai uk+ilk), i=12, ... ,\N,-1  va
u(k+ilk)=u(k+N_|k), trong d6 i>N, véi N, la thm (pham vi, gi6i
han) diéu khién.

2. Tht hai, céc tin hiéu diéu khién twong lai dugc tinh todn téi wu dé c6 dau
ra y cua qud trinh bam quy dao dat Y., kKhi ma ban thén tin hi¢u dat hoac
dau ra qué trinh déu duoc xdp xi. Haim muc tiéu thuong st dung 12 ham
toan phuong sai 1éch gitra tin hiéu dau ra du bdo va quy dao tham chiéu du
bdo. Trong moi truong hgp muc tiéu diéu khién 1a cuc tiéu héa hoac cuc
dai héa ham muc tiéu.

3. Tht ba, dva trén khdi niém chién lugc dich dan vé tuwong lai, phan dau tién
cua tin hiéu diéu khién, w(k|k), dugc giri t6i qud trinh, cdc thanh phén
chinh cuta tin hiéu diéu khién duoc dua ra trong [17].

Ba nguyén ly 1am viéc trén luén dugc thuc hién 1ap dé dich dan vé twong
lai, tirc 12 tai thoi diém k hién tai, sau khi dd c6 tin hidu diéu khién ti wu
u(k|k) dua vao diéu khién dbi tugng trong khoang thdi gian
kT <t<(k+DT, véi T 1a budc dich chuyén cia khoang ctra s6 diéu khién
N, va cuing la chu ky trich mAu tin hiéu, cira s6 diéu khién ciing cira s6 du
bdo duoc dich vé tuong lai toi thoi diém k+1, ldc nay da tro thanh thoi diém
hién tai. Khi d6 ba nguyén 1y trén lai dugc thuc hién lai dé c6 u(k +1|k +1),
nhu dugc md ta ¢ hinh 2.1b).

Trong muc nay, luan an s€ trinh bay cdc budc thuc hién ba nguyén ly
lam viéc trén cta diéu khién dy bdo dudi dang tong quan cho hé song tuyén
dé tlr d6 tién t6i viée thuc hién thiét ké cu thé va chi tiét cdc bo diéu khién dy
bdo khdc nhau cho hé song tuyén TRMS, ddi twong tng dung chinh cia luan
an (s€ duoc trinh bay cu thé trong chuong 4).
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2.1.1. Céu triic bd diéu khién di bio

Hinh 2.1 cho thdy trong mot bd diéu khién du bdo ludn c6 ba khéi chinh.
D6 1a céc khdi mo hinh dy bdo, khdi ham muc tiéu va khdi téi uvu héa. Trong
khi khéi mé hinh du bdo duoc xédc dinh ngay tir md hinh déi twong diéu khién
thi hai khéi con lai 1a khdi ham muc tiéu va tdi wu héa giit vai trd quyét dinh
chinh, mang tinh chu quan, vé chét luong cta hé thdng. Hai khéi nay ciing 12
cdc thanh phan co ban dé phén biét nhitng bo diu khién du bdo khdc nhau, dp
dung cho ciing mot ddi twong diéu khién.

Khéi mo hinh dy bdo

bay la khdi ¢6 chic nang st dung md hinh mo ta ddi tuong dé du bdo
cdc tin hiéu dau ra trong tuong lai cia né. Hay xét mot ddi twong, hay qud

trinh phi tuyén, c6 mé hinh to4n dang khong lién tuc nhu sau:

{mlﬁ—l = f(x,,u,)

Equation Section (Next)(2.1)

Y. = g(wk)
trong do:

x, =(z,(kT),z,(kT), ... .z, (kT))T 1 vector cua n gid tri trang thdi cua
hé tinh tai thoi diém
t=kT, k=0,1, ..., v&6i T la chu ky
trich mau tin hiéu,

w, = (u,(kT),u,(kT), ... ,u, (kT)) 1a vector ciia m<n gid trj tin

hiéu diéu khién (tin hi¢u dau vao),
y, =(y,(kT),y,(kT), ... .y (kT))" 1a vector cia r<m gid trj tin
hiéu d4p Gng (tin hiéu dau ra).
Néu sir dung ngay md hinh (2.1) ctia dbi twong 1am mé hinh dy béo, thi
trong ctra ) dy bdo hién tai i=1,2, ... , N tas€ co céc tin hi¢u dau ra du bédo

duoc nhu sau:
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y(k+ilk)=g(z,,)=g(z(k+ilk))
=g(f(@(k+i-1]k),uk+i—1k)))
= g(F(flxk+i-2/k),uk+i-2/k),ulk+i-1]k)))

=g(f( ... (f(m(k|k),uk|k),uk+1]k)), ... ),u(k+1i|k))
=g(f( ... (f(m,,uk|k),uk+1]k), ... )uk+ik) (2.2
Nhung do gid trj trang théi =, & thoi diém % hién tai duoc gia thiét 1a da
do duoc, nén thyc chit y(k+ z'|k) ¢ cong thuc (2.2) chi con 1a ham phu thude
theo:
U = col(u(klk),uk+1k), ... ulk+N, —1[k)) (2.3)
Do d6 ta c6 thé viét né ngan gon lai thanh:

y(k+ilk)=p,U), i=0,1, ... ,N (2.4)

P
1a ky hiéu ctia ham dy bdo (predictive function) tai thoi diém k+1, trong do:

py(U)=g(x,)
Khéi ham muc tiéu

Vi muc dich 12 dé tin hiéu ra y, cua hé bam theo duoc tin hi€u mau
y,,, N€n trong diéu khién du bdo, ngudi ta thudng sit dung ham muc tiéu cé
chtra thanh phan sai 1éch:

€ =Y, ((k+DT)—y(k+ilk)

Do y,, 1a cho trudc nén y,, ((k+9)T) ciing a da biét. Boi véy sai léch
trén thuc chit 12 ham caa U cho béi (2.3), tirc 1a:

e = ek+z‘ (u)

k+i

Khi d6, néu st dung ham muc tiéu c6 cau tric toan phuong:

J(U) = Zq

e, (U + Nfrj lu(k + 5|0 +s(2k+ N, k) (2.5)



28

trong d6 g, r; l1a nhiing hiang s6 duong (duwoc goi 1a trong sb), va
s(@(k+N,|k)) 1a ham phat diém cudi, thi hién nhién cing v6i md hinh dy
bdo (2.4) cho tin hiéu ra, va:
z(k+ N, k)= f(z(k+ N, -1|k),uk+ N, —1]k))
= f(f@k+N, -2/k),uk+ N, —2/k),u(k+ N, —1]k))

= f( (f(mk,u(k|k)),u(k+1|k)), ) u(k+ N, —1|k)) (2.6)
ham muc ti€u trén trd thanh ham chi con phu thudc vao vector ¢/ cho béi (2.3).

Goi U 1a nghiém cua:

JU) = min J (&) (2.7)
v6i U 1a tap rang budc cua cdc tin hiéu diéu khién, thi Gmg véi gid trj toi wu
tim duoc:

U =(u k), w k+1k), ... . (k+N, -1k))
ta s& c6 tong cdc sai léch du bdo e,,,, i=1,2, ... ,N, —1lanho nhat.

Khoi 16i wu héa

Nhiém vu cua khdi nay la thuc thi bai todn (2.7), tirc 1a tim nghiém tbi
uu cua:

U =arg min J (&) (2.8)

Sau khi tim dugc nghiém tdi wu:

U =col(u (klk),w (k+1k), ... . u'(k+N, -1k)) (2.9)
gid tri du tién trong né 1a:

u, =u (k|k)

s& duoc dua vao diéu khién d6i twong trong ding khoang thdi gian trich mau

va cting la khoang dich chuyén ctia cira s6 du bdo kT <t<(k+DT.
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2.1.2. K¥ thuit cai dit bd diéu khién duw bao trén nén cic phwong phap quy
hoach phi tuyén

C6 rét nhiéu céc phuong phdp tdi vu héa phuc vu viée cai dat thuat todn

tim nghiém ti uu cho bai todn (2.8) ctia bo diéu khién dy bdo. Chang han:

1. Véi bai todn (2.8) khong bi rang budc (U =R™"), ta ¢6 thé st dung céc
thuat todn nhu Gradient, Newton hay Quasi Newton, Gauss - Newton,

Levenberg - Marquardt ....

m.

2. Khi ¢6 thém diéu kién rang budc (U c R o ), nhitng thuat toan thich hop
s€ 1a k¥ thuat ham chan, ham phat, hay QP (quadratic programming) hodc
SQP (sequential quadratic programming) hay giai thuat di truyén (Genetic

Algorithm) ...

Tat ca nhitng thuat todn nay, c6 tén thuong goi chung la quy hoach phi
tuyén, dd duoc trinh bay chi tiét trong cdc tai liéu [5], [45]. Tuy nhién trong
diéu khién du bdo, khi phai xir Iy cdc diéu kién rang budc kém theo, thi nhirng
phuong phdp quy hoach phi tuyén thudng dugc sir dung dé tim nghiém bai
todn t6i wu (2.8) c6 thé ké dén 1a:

a. Phuong phap QP

b. Phuong phap SQP

c. Phuong phdp diém bén trong (interior point)

Cai dat voi phwong phdp QP (Quadratic Programming)

Day 1a phuong phap dugc dp dung cho bai todn tdi vu (2.8) ma ¢ d6 ham
muc tiéu J() c6 dang toan phuong va diéu kién rang budéc U dugc mo ta

bang phuong trinh va bat phuong trinh tuyén tinh:

J(U) = %L{TAL{ +b"U — min (2.10)

Uel

mN, »

U:{L{ER cu=d,i=12, ... ,r

c;U<d, j=r"+1, ... ,r}

QP 1a phuong phdp 13p tim nghiém qua nhiéu budc. Tai mdi budc tinh,
phuong phdp dua vao dinh 1y Karush - Kuhn - Tucker dé thay thé mién céc
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diéu kién rang budc cho ¢ trén thanh mién con md ta boi cic phuong trinh
tuyén tinh, duoc goi la tap tich cuc (active set). Chi tiét cdc budc tinh cla
phuong phéap nay cé thé duoc tim thiy trong nhiing tai liéu tham khao nhu [5]
va [45].

Cai dat voi phuong phdp SQP (Sequential Quadratic Programming)

Phuong phédp SQP 12 sy md rong cua QP dé c6 thé tim nghiém cta bai

todn toi uu phi tuyén bi rang budc U :

U =arg min J () (2.11)
U:{L{eRmN” g.U)=0, i=12, ... ,r'

9, <0, j=r'+1, ... ,r}
tire 12 bai todn tdi wu héa ma & d6 c6 ca ham muc ti€u J(U) va cac ham mo ta
diéu kién rang budc g,(U), i=1,2, ... ,r déu la nhitng ham phi tuyén.

Tu tuéng chinh cia SQP 1a timg budc chuyén bai todn tdi wu phi tuyén
(2.11) vé dang toan phuong c6 diéu kién rang budc l1a tuyén tinh (2.10) rOi sau
d6 4p dung phuong phip QP. Céng cu chuyén timg budc (2.11) vé dang
(2.10) trong mdi budc tinh 13p 1a khai trién chudi Taylor.

Gia st tai vong lap thit £ da c¢6 nghi€m trung gian U, . Pé tim luong
hiéu chinh h vao U, sao cho & budc tiép theo vé6i U, =U +heU cb
J(U.,,) < J(U,), nguoi ta khai trién Taylor ham J({,,) thanh:

0T (U 1,70 TWU),

JU,.)=JU,)+ 5 U

1 » aJ(U,) . > J(U,)
:J(le)+b]?h+5hTAkh véi b}?:T’» va A = auzk

cling nhu cdc ham ¢, (), :=1,2, ... ,r thanh:

dg.(U.
g9,U) =gi(uk,)+%h =—d +c'h

dg,(U,)
ou

v6i d,=—g,(U,) vac =
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Khi d6 bai toan tdi wu héa phi tuyén (2.11) & bude tinh lip the k& da
duoc chuyén vé dang toan phuong voi cac diéu kién rang budc la tuyén tinh
nhu & (2.10) dé tim h .

2.2. Ap dung vao diéu khién du béo 16p hé song tuyén

Muc nay s€ trinh bay cic nghién ctru cua ludn 4n vé viéc xay dung bo
diéu khién du béo phi tuyén (Nonlinear Model Predictive Control - NMPC)
phan hoi trang thdi day du dé diéu khién ddi twong song tuyén bang viée sir
dung cédc phuong phédp quy hoach phi tuyén.

Yoy ) Hammue H¢é song tuyén|

» tiéu va thuat u, X
(K. (Poi twgng x,

»| toan to1 uwu oA X >

, diéu khién)
> hoa Y.,
y(k+ilk) | Mo hinh |* Mo hinh | 4"
du bio |« khong lién )
i ) tuc ciia hé

Hinh 2.2. So' d6 khoi ciia MPC dé diéu khién hé song tuyén

Thong thuong, st dung cic phuong phip MPC tuyén tinh khi ma mo
hinh d6i trong va cdc diéu kién rang budc 13 tuyén tinh, thuat todn diéu khién
tréd nén don gian, bai todn tdi wu (2.8) Iudn cho ra nghiém toan cuc, va diéu
nay hoan toan khong phu thudc vao thuit todn tbi wu héa duge Iya chon dé cai
dit. Do 6 MPC tuyén tinh da tré' nén hap din voi chién luge diéu khién phan
hdi, didc biét ddi v6i cc qud trinh tuyén tinh. Chinh vi 1y do nay ma d6i voi hé
song tuyén, thua ban dau nguoi ta dd xap xi md hinh ctia né xung quanh cdc
diém cén bang dé ung dung duoc nhitng phuong phép diéu khién MPC tuyén
tinh phan hdi diu ra, ching han nhu cdc phuong phip MAC (Model
Algorithmic), DMC (Dynamic Matrix Control), GPC (Generalized Predictive
Control) ..., hodc phan hdi trang thai tuyén tinh.

Tuy nhién, cdc md hinh tuyén tinh 14 chua du dé miéu ta dic tinh dong

hoc qud trinh khi yéu cau san pham chat lugng cao, tang nang xudt, cic quy
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dinh méi truong chat ché va yéu cau vé tinh kinh té trong céc qud trinh cong
nghiép... ddi hoi cic hé thdng phai hoat dong khép kin trong pham vi cho
phép, vi thé cdc mo hinh phi tuyén dugc sir dung. Ddi v6i hé song tuyén ciing
vay, hién nay d c6 mot vai bo diéu khién du bdo duoc xiy dung ngay tir mod
hinh phi tuyén cta ddi twong ma khong phai théng qua tuyén tinh héa xap xi.
Nhitng bo diéu khién du bdo phi tuyén nay chu yéu duoc phan biét voi nhau &
phuong phép cai dit thuat todn quy hoach phi tuyén (nonlinear programming)
thue hién bai todn tdi vu héa (2.8). So d6 khdi ciia MPC néi chung dé diéu
khién d6i twong song tuyén duoc biéu dién trong hinh 2.2.

2.2.1. Thuét toan diéu khién du bao phi tuyén cho hé song tuyén
Xét mo hinh hé song tuyén dudi dang lién tuc nhu sau:

{a’z =A(x)x+ B(x)u, e R", ue R"

y=C(x)z, ye R" (2.12)

Néu viét lai md hinh d6 bang cich trich mau tin hiéu véi chu ky trich

mau 7, va sit dung phép xap xi cho cong thire tinh dao ham:

d_m T — L

o T -,z =x(kT), u,=u(kT)), y, =ykT) (2.13)

a

ta s€ dugc md hinh khong lién tuc:

{mkﬂ =A(z,)x, +B(z,)u, 0.14)
y, =C(z)z,
trong do:

A(x,)=1+T A(z,), B(z,)=T1,B(z,), C(z,)=C(x,) (2.15)

Tir day ta ¢6 duoc mod hinh du bdo cho hé song tuyén trong toan bd cira

s6 du bdo hién tai [ k,k+N,) nhu sau:

{a:(k +i+1[k) = Ak +)z(k +ilk) + Bk + Dk +ilk) (2.16)

y(k+ilk)=C(k +d)x(k +ilk)

O cong thirc (2.16), ta da sir dung cac ky hiéu:
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Ak +14) = A(zk +ilk)), Bk+1)=B(z(k+i[k))
C(k+1)=C(z(k+i|k))
cling nhu nhit quan sir dung ky kiéu:
o(k+1ilk), wk+ik) va y(k+ilk)
thay vi «,,., u,.., ¥,., khi >1 nham dé nhan manh ring chiing 12 nhiing gi4
tri du bdo tai thoi diém k + trong tuong lai dugc tinh tur thoi diém hién tai
k. N6i cach khdc, ddy 1a nhimng gid tri chua c6 tir d6i tuong.

Khéi mo hinh dy bdo

Gia sir tat ca cdc bién trang thdi z, =z(k|k) cla hé thong déu c6 thé do
dugc hodc quan sat duoc ¢ thoi diém hién tai k. Khi d6, twong tu nhu da thuc
hién tong quit & (2.2) va (2.6), cdc bién trang thdi z(k+ilk) va dau ra
g(k+ilk) tuong lai thudc cira s du bdo [ k.k+N,) véi cdc bién trang théi
hién thoi phu thudc gid tri cdc dau vao twong lai ¢6 thé biéu dién duéi dang
ham phuy thudc u(k + z'|k), i=0,1, ... ,N, -1 cua cua s6 du bdo d6, nho phép
tinh biéu dién truy hoi thong qua mo hinh du bdo (2.16) nhu sau:

z(k +1|k) = A(k)z(k|k) + B(k)u(k|k)
o(k +2|k) = A(k + Dx(k +1]k) + Bk + Du(k +1|k)
= Ak + D[ A(k)z(k|k) + Blk)yu(k|k) |+ Bk + Du(k +1[k)
= Ak +DAR)zk|k) + Ak + DBk)uk|k) + Bk + Du(k +1|k)

(2.17)

va
w(k+N, |k)=Ak+N, —1) - Ak +DAK)zk|k) +
+A(k+N, =1 - Ak + DBk uk|k) +
'+ A(k+N,=1) - Ak +2)B(k+Du(k+1]k) + 2.18)
+A(k+N, —DB(k+N,-2)u(k+N, —2|k)+
+B(k+N,-Du(k+N, —1]k)
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Pé ngin gon trong trinh bay, ta s& str dung ky hiéu:
A=Ak + DAk +7-1) - A(k+1i)
=[TAGk+1D), j>i
I=i

Khi d6, cac phuong trinh (2.17) trén tré thanh:
ok +1|k) = Alz(k|k) + B(k)u(k|k)
x(k +2|k) = A 2 (k|k) + AL B(k)uk|k) + Bk + Du(k +1]k)

2(k+N, k)= A" 2k + AL BR k) + o+
+ A B+ N, =2k + N, - 2|k) +
+B(k+N,-Du(k+N, -1]k)
Suy ra:
y(k+1k) = C(k + DA z(k|k) + C(k + DB (k)u(k|k)
gk +2[k) = C(k+2)| Al a(k[k) + AL B(RYu(k|k) + Bkyu(k+1[F) |

: (2.19)
Gk + N, [B) = Clk+ N )| A k]l + AL Blyudklk) +
+ - +B(k+N,-Du(k+N,—1]k) |
va:
g(k+1k) C(k+1)AF
g C(k+DA™
y(k:4:—2|k:) _ ( +:) " AT
yk+N, k) ) | Clhk+N)HA
C(k+1)B(k) 0 0
C(k+2)AB(k) C(k+2)B(k) . 0
+ : : : : U

Ck+N DA By Ck+N )AL B -+ Ck+N)Bk+N,~1)

Ky hiéu:
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Clk+DAS
C(k+1)A
M) = ( | A,
C(k+N )A™
C(k+1)B(k) 0 0
C(k+2)AMB(k) C(k+2)B(k) . 0
NU) = : : .. :

Clk+N )AL "By Ck+N)AL "Bk - Clk+N)B(k+N,~1)

k+1

Y =col(y(k+1[k), gk +2[k), ... .gk+N,|k))

ta s€ duoc:

Y =MUzk|k)+ NU)U= MUz, + NUU (2.20)
va day chinh 12 ddy cdc gid tri dau ra dy bdo c6 duoc trong cira sd du bdo hién
tai | k.k+N,). Do trang thdi @, =x(k|k) clia h¢ thdng tai thoi diém & la da
¢6 nho do béng cam bién hodc quan sit dugc nén Y chi con phu thudc U .

Xay dung ham muc tiéu

Néu thay quan hé di c6 & cong thirc (2.17):

z(k+ N k) =A™ 2]k + AT BEuER) + o+
+ AN B+ N, = 2puk+ N, = 2[k)+ Bk + N, = Du(k+ N, ~1[k)

= A" k]l + (ASTBGR), . ASTBU+ N, =2), B+ N, - 1)U

vao cong thirc ham phat s(z(k+ N, |k)), thi do @, =z(k|k) dugc gia thiét 1a
di biét thong qua do dac bang cam bién hodc quan sét, nén:
s(z(k+ N, |k))=sU)

s€ chi con phu thudc theo U/ . Béi vay khi st dung thém cédc ky hiéu:
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Yy =col(y,, ((k+DT).y,, (k+2)7T), ... .y, ((k+N)T))

Q =diag(q,)
R=diag(r;)

thi ham muc tiéu (2.5) twong tng cho h¢ s¢ la:

J(U) = Zq

e, (U] + Ni:rj u(k + j|k)\2 +s(z(k+ N |k))
J=

T
=(,-Y) Q) —Y)+U"RU+sU)
T
=[ ), - (M@=, + NU) ] Q[ Y, — (M), + N |+
+U"RU +s(U) (2.21)
2.2.2. PKDB trén nén t6i vu hoéa theo sai léch tin hi¢u diéu khién
Mb hinh du bdo theo sai léch tin hiéu diéu khién
Nhu dd néi & phan trén, tai muc 2.1.2, ta c6 khd nhiéu phwong dn thuc
thi bai to4n tim nghiém tbi uu:
U =argminJ(U)
ueU
Song ¢ dang bai todn toi wu ma dicu kién rang budc ddi véi tin hidu diéu
khién u, cua hé song tuyén thudng duoc biéu dién dudi dang rang budc cua
sai léch:
Au, =wu, —uy,
thi khi d6 can thiét phai viét lai ham muc tiéu (2.21) theo sai 1éch tin hiéu diéu
khién Awu, .

Pé thuc hién duoc diéu nay, trudc tién ta can viét lai mo hinh (2.14) da

cho ctia hé song tuyén thanh:
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z,,, = Az, + Bz )u, = Az,)z, + B(z,)|u, , +Au,]

k-1

Ly,
w,=u,  +Au,=(0, ) +Au,

Ly
y, =C(z)z, = (C(mk) ) ®)( ]

Uy
trong d6 © 1a ma tran c6 tat ca cac phan tor déu bang 0, va I 1a ma tran don
vi ¢6 sO chiéu mXm phu hgp kich thude cua wu,. Néu dinh nghia tiép vector

trang thai maoi:

x, =
u,_,

cling nhu cic ma tran:

A(x,) B(mk)j’ B :(B(mk)j
] 1 1

C(z,)=(C(z,) ,®)

A(z,) =(

thi mé hinh (2.14) ctia hé song tuyén s& c6 dang twong dwong nhu sau:

{.@M =AAA@1 )z, + B(Z,)Au,, & € R"™", Au e R" 022
y,=C(z)z,, y, e R"

nhung Iic nay tin hidu diéu khién lai 12 sai léch Aw, .

Cung véi méd hinh tuong duwong (2.22), nhung bay gid dugc viét theo sai 1éch

tin hiéu diéu khién Awu,, ta lai c6 cdc cong thirc du bdo trang thdi Z(k +i|k)
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va ddu ra g(k+ilk) hoan toan twong tw nhu (2.17) va (2.19)
z(k+ilk)= Ak +i=1) - A(k+D)AER)T[k)+

+ Ak +i=1) - Atk +DBk)Auk|k) +

+ Ak +i=1) - Ak +2)Bk+DAu(k+1[k) +

+ Ak +i=1)B(k+i—2)ulk+i—2|k) + Bk +i-DAu(k +i-1[k)
= A a(k|k) + AT BER)AuE|k) + - + Bk +i—DAu(k+i—1]k)
(2.23)
vOI:
i=12, ... .N,, A=A+ j)Ak+j-1) - A(k+1) khi j2i
va:
y(k+ jlk) =C(k + 5) [Jt,j’+f-1x(k|k) + AT B(k)Auk|k) + -
+B(k+j—DAuk+j-1k) ], j=12, ... N,
Tu (2.23), suy ra dugc day gia tri dau ra dy bdo trong toan bd ctra s6 du
bdo hién tai la:
Y=MU)z, + NUU
trong do:
Y=col(g(k+1|k), gk +2|k), ... .g(k+N,|k))
U =col(Au(k|k), Aulk +1]k), ... Au(k+N, —1k))e R*"
x(k|k) =z,
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va:
C(k+1)A"
o Clk+DAM T S
MU) = : =Ak+)HAK+5-1) --- A(k+7)khij>1
Clk+N A
C(k+1)B(k) 0 0
N - C(k+ 2)@,5:113(@ C(k+ 2)B(k)
Ck+N )A;;NP‘IB(k) C(k+N )Afjfp 'B(k) C(k+N)B(k+N,~1)
(2.24)
Tuong tng, ham muc ti€u (2.21) nay cling dugc ddi thanh:
~ ~ o~ ~ ~ T —~ o~ ~ o~ ~
JW=| Y, ~ (M@, + NeU) | Q| ¥, ~(Mh=, + N@HU) |+
+U" RU +s(U) (2.25)
trong do:

Yy = col(y,, ((k+DT).y,, (k+2)7T),
s(U)=s(&(k+N,[k))

A+N -15

_ 8|:.A:+Np_1:ik +(A5 Bk,

o Yy (B + N )T))

AL B+ N, =2).B(k+N, 1)U }

(2.26)

Nhu vay van dé con lai cua diéu khién du bdo hé song tuyén la xac dinh

nghiém t&i wu 2" € U ctia ham muyc tiéu (2.25), trong d6 U 1a tap cic didu

ki€n rang budc cua bai toan dic¢u khién.

Cdc diéu kién rang budc

Mot céch tong quat thi tin hiéu diéu khién ¢ e U cia ham muc tiéu

(2.25) cho hé¢ song tuyén can phai thoa man céac diéu kién rang budc sau:

y™ <y (k+ilk)<y™, i=12, ... ,N

p

mm<u,(k+z—1|k)<umax, =12, ... ,N

4

Au™ < A (k+i=11k) <A™, i=12, ... ,N,

(2.27)

(2.28)

(2.29)
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trong d6 [=12,...,m 1a chi sé cdc phdn t cua vector
y(k+ilk), w(k+ilk) va Au(k+ilk) tai thoi diém k+i trong tuong lai
thudc cira s6 du bdo thir k.

Nhung vi ¢ bai ton toi wu:

U =arg min J(U) (2.30)
ctia diéu khién du bdo, ta chi quan tim tdi tdp U gdm cic diéu kién rang budc
vé tin hiéu diéu khién:

U = col(Au(k|k), Au(k +1[k), ... ,Au(k+N, —1]k))
nén can thiét phai chuyén ddi nhiing diéu kién rang budc trang thai (2.27),
(2.28) thanh rang budc vé tin hiéu diéu khién.

Cong thirc dy bdo trang thdi (2.23) s& gidp ta chuyén dugc diéu kién rang
budc trang théi thanh diéu kién rang budc tin hiéu diéu khién «. Tir (2.23) ta c6:

z(k +ilk) = A 2(k|k) + AL BUROAwEE) + - + Bk +i-1)Auk+i—1]k)

= A2k |k) + (ALTB®R) .. Blk+i-1),0, ... 0)U
= A w2 (k) + FUl

(2.31)
trong do:
F=(AS7B®) | ... Bk+i-1.0, ....0)
Ky hiéu @’ (3), (), j=L2, ... ,n la cdc vector hang cia A/~ va
F. thi tr (2.31) ta c6:
z,(k+ilk)=a! ()@, + f (U (2.32)

trong do i(k|k) ¢ cong thtc (2.31) nay duoc viét lai thanh x, trong cong
thie (2.32) dé nhan manh réng dé la gia tri da c¢6 (do duoc bﬁng cam bién
hodac quan sat dugc).

Vay diéu kién rang budc (2.27) va (2.28) la twong duong voi:

gy <al (&, + £ EOU<y™, 1=1,2 ... ,m vai=12, ... N,
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va:
C

™ <af (D&, + [T OUSU™, 1=12 0 m vai=12, N,

Suy ra bai toan tbi uu (2.30) c6 tap rang budc U la:

U={tter™ | My < Aw(b+i-1R)SAG™, I=1, ... .m vai=1 ...N,
g <a DT, + £ OUSY™, 1=1, ... ,m vai=l ... N,

U]rmnS&ZT(Z)i?k +£T(Z)Z:{Su]max, l:L e s va 7;:1’ ’Nﬂ}

(2.33)

Thudt todn diéu khién hé song tuyén

Véi md hinh hé song tuyén gém cac ma tran A(x),B(x),C(x) nhu da
dua ra trong cong thirc (2.12), thi khi chuyén sang mé hinh khong lién tuc
bang cach str dung phép xdp xi (2.13) v6i T 1a chu ky trich mAu va ciing 12
khoang dich chuyén c@ta cia s6 dy bdo, cing nhu
x, =z(kT), u, =u(kT), y,=y(kT), ta s& dugc md6 hinh khong lién tuc
twuong ung (2.14) voi quan hé gilta caic ma tran A(x),B(x),C(x) va
A(zx,),B(z,),C(x,) cho bdi (2.15).

Viy, phuong phdp diéu khién hé song tuyén trén nén quy hoach phi
tuyén c6 cdc budc dugce trinh bay ¢ thuat todn sau:

Thuit toan 2.1: Diéu khién di bdo phan hoi trang thdi hé song tuyén bdm

theo tin hiéu dau ra mau véi cira sé du bdo hitu han.

1. Chon ham phat s(z(k+ N, |k)), cira s6 du bdo N, cira s6 diéu khién N,
va hai ma tran trong s6 Q,R d6i xtng xdc dinh duong. Chon chu ky trich
mau 7. Gén k=0 va u_ =(0,0)".

2. bo =z, =z(klk). Xéc dinh =z, =col(z,,u, ), cdc ma tran
A(,), B(,), C(2,) tir md hinh khong lién tuc (2.14) ctia hé song tuyén
theo [51], M(U), N(U) theo (2.24) va s(U), )),; theo (2.26).

3. Xay dung ham muc tiéu J(U) theo (2.25) va tap rang budc U theo (2.33).
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4. Tim nghiém ¢ cta bai todn tdi wu (2.30) nho cdc phuong phdp quy hoach
phi tuyén, chang han nhu phuong phap SQP hoic interior point [5].

5.Pua u,=u,_, +([,0,...,0)U vao diéu khién hé song tuyén trong
khoang thoi gian kT <t<(k+1)T, trong d6 I la ma tran don vi. Gan
k:=k+1 va quay vé 2.

S& c6 khéd nhiéu phuong dn khdc nhau phuc vu viéc cai dat thudt todn
trén va ching dugc phan biét véi nhau & viéc lya chon phuong phip quy
hoach phi tuyén cu thé dé tim nghiém t&i vu & cho bai todn t6i wu c6 rang
budc U (2.25), tic 1a thyc hién budc thir 4 cua thuat todn trén. Pay 1a bai todn
t61 uu phi tuyén c6 rang budc, nén nhimg phuong phdp twong thich sé& 1a SQP,
hinh chiéu gradient, k§ thuat ham chin, ham phat, giai thuat di truyén... Tuy

nhién, sau nay luan én s€ chi nhat quan chi str dung SQP.

2.3. Két luan chwong 2

Trong chuong 2 ludn 4n di trinh bay phuong phép diéu khién du bdo cho
hé phi tuyén cling nhu nhitng k¥ thuat cai dit b diéu khién nay. Chi tiét hon
nita, luan 4n ciing da thé hién cu thé phuong phdp diéu khién du bdo cho hé
song tuyén dudi dang thuat toan 2.1. Ngoai ra, trong chuong 2 luén 4n ciing
da xay dung dugc md hinh dy bédo (2.22) c¢6 kha nang tich hop duoc diéu kién
rang budc vé sb gia (van téc) cua tin hiéu diéu khién.

B6 diéu khién du bdo duogc trinh bay & chuong 2 c¢6 nhitng wu nhugc
diém sau:

— Bo diéu khién duogc xady dung tor mo6 hinh khong lién tuc cua dbi tuong
diéu khién.

— Chi sir dung duoc véi cira s6 dy bdo hitu han, do d6 dé dam bao dugc
chét luong on dinh hodc bam 6n dinh theo gia tri dat trudc can phai chon
dugc mot ham phat thich hop.

— D& dang xtur Iy duoc cdc diéu kién rang budc kem theo, ké ca cdc diéu
kién rang budc vé gid tri tin hiéu diéu khién, vé sb gia cia tin hiéu diéu

khién va v€ bi€n trang thai cua h¢ thong.
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CHUONG 3

PE XUAT MOT PHUONG PHAP MOI PE PIEU KHIEN DU BAO HE
PHI TUYEN LIEN TUC TREN NEN BIEN PHAN

Két luan cua chuong 2 da cho thiy uu nhuoc diém cua phwong phép diéu
khién du bdo dp dung cho hé phi tuyén. Bén canh kha ning dé xur Iy céc diéu
kién rang budc nho viée dp dung phuwong phdp quy hoach phi tuyén thi mot sb
nhuoc diém c6 hitu cta né 12:

- Chi xay dung dugc trén mo6 hinh khong lién tuc cua h¢, trong khi dai da
s6 d6i tuong diéu khién déu md ta boi md hinh lién tuc. TAt nhién tir mé hinh
lién tyc ta ciing c6 thé ¢6 dugc md hinh khong lién tuc twong tng bang cich
str dung phép xap xi:
L T

T
T

a

Equation Section (Next)(3.1)

cho phép tinh vi phan, v6i @, =x(kT.) va T, la chu ky trich miu tin hiéu,
song viéc xap xi nay tat nhién s& kéo theo mot sai léch nho trong md hinh
khong lién tuc thu dwge, do d6 phan ndo ciing s& anh hudng t6i chat lugng
diéu khién.

- Ctra s6 dy bdo phai ludn 1a mot s6 N hitu han. Piéu nay lam cho
nghiém ¢ cta bai todn t6i vu (2.8) tim dwoc nhd cdc phuong phip quy
hoach phi tuyén chua chic da 1a nghiém toan cuc va bd diéu khién du bdo
cling chua chic da 1am hé 6n dinh, hay bam 6n dinh theo quy dao miu cho
trude, dic biét 1a v6i hé phi tuyén. Giai phap khic phyc thuong st dung ¢ day
1a st dung ham phat s(f). Song vi¢c chon ham phat nhu thé nao cho bai todn
diéu khién du béo phi tuyén thi cho tdi tan bay gid van chua c6 cau tra 10i.

Tir day, dé khac phuc hai nhuoc diém cd hitu trén ciia diéu khién dy bao
xdy dung trén nén céc phuong phdp quy hoach phi tuyén, trong chuong nay
luan 4n s& dé xuat mot phuong phép didu khién du bio méi, khong st dung
phuong phdp quy hoach phi tuyén cho viéc toi wu héa ma thay vao d6 1a

phuong phdp bién phéan (variation) ctia diéu khién t6i wu, va hon thé nita
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phuong phdp dé xuét nay cta luan 4n con dp dung duoc tryc tiép cho md hinh
lién tuc cua ddi twong didu khién:

{a’z = f(x,u)

y=h(z.u) (3.2)

véi ctra sd du bdo 12 vo han, thay vi hitu han. Diéu nay luén dam bao duoc
tinh 6n dinh, hay tinh bim on dinh theo quy dao mau cho trudc, ma khong
can sir dung ham phat.
3.1. Néi dung co ban ciia phwong phap bién phéan

Bai todn diéu khién tdi wu cho ddi twong diéu khién mo ta béi md hinh
lién tuc (3.2) dwoc hiéu 1a phai xdc dinh duoc tin hiéu diéu khién tdi wu
u'(t), 0<t<T théa man diéu kién rang budc ue U dé dua hé di tir diém
trang thai dau x, =x(0) toi diém trang thai cudi xz, =z(T) trong khodng thoi

gian T, goi 1a khoang thoi gian xay ra qud trinh tdi wu, sao cho chi phi (cost)

ctia qud trinh chuyén dbi trang thdi d6, tinh theo:
T
J(u)=[g(z,u)dt (3.3)
0

dat gid tri nho nhét. Ham chi phi (3.3) thuong dugc goi 1a ham muc tiéu cia
bai todn diéu khién t6i uu.
Bai todn diéu khién tdi wu trén con duge phan chia thanh nhiéu bai todn
con. Nguyén tic cta sy phén loai nay 1a:
— Piém trang thai dau hodc cubi x,, €, la cho trudc hodc 1a nhiing diém
trang thdi bat ky.
— Khoang thoi gian xdy ra qua trinh t6i wu 7' 1a ¢ dinh cho truéc hodc
khong cho trudc.
— Piéu kién rang budc U 1a tap ho hoic tap déng.
V6i bai todn diéu khién toi uu hé lién tyc (3.2) ma & d6 ¢6 =, cho trudc,
T ciing cho trudc va U 1a tdp hd (hodc tring véi toan bd khong gian diéu
khién, tirc 12 bai todn khong bi rang budc) thi phwong phép thich hop nhat 12
phuong phdp bién phan. Hon thé nira, trong trudng hop diém trang thdi cudi
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x, la bat ky thi nghiém tim duoc theo phuong phdp bién phén s& c6 dang phu
thudc trang thdi w’(x), 0<t<T, hay né ciing chinh 1a mot bo diéu khién
phan hoi trang théi tdi wu. Boi vdy, dé phan biét véi nghiém tdi wu phu thudce
thoi gian w'(¢), ¢ trudng hop niy ngudi ta thudng goi w’ (z) 12 nghiém tbi wu
on-line (truc tuyén).

3.1.1. Nguyén Iy bién phan

Nguyén 1y bién phan duoc phét biéu nhu sau [5]: Néu u” 12 nghiém bai
todn t6i uu c6 x, cho trude, T' cling cho trude va U 1a tap ha, thi nghiém do
phai thoa man:

oH

E . :OT (34)

(dao ham tai diém tdi wu) trong do:
— 9/du laky hiéu dao ham Jacobi ctia mot ham nhiéu bién.
— 07 =(0, ... ,0)

- H :pr(zc,u)—g(zc,u), c6 tén la ham Hamilton, vé1 p 1a vector bién
ddng trang théi (costates), thda man quan hé Euler - Lagrange:
T
p=—@—ij (3.5)
va diéu kién bién p(T) =0 khi diém trang thdi cudi 1a bat ky.
Duya vao nguyén 1y bién phan trén, nghiém u" cta bai toan tbi uwu lién

tuc s€ duoc xac dinh qua cac budc nhu sau [5]:

1. Tir diéu kién (3.4) xdc dinh quan hé phai c6 w(x,p) cho tin hiéu diéu
khién t6i wu.

2. Thay quan hé tim dugc nay vao hé da cho &= f(x,u) va phuong trinh
Euler-Lagrange (3.5) s& dugc hé phuong trinh vi phin bac nhat cta hai
bién sd x, p va tim nghiém hé phuong trinh vi phan d6 tng véi cic diéu
kién bién x, =2(0), =, ==(T) néu diém cudi la cho trudc hogc p(T)=0

néu diém cudi la bat ky.
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3. Thay ngugc nghiém x(t), p(t) tim dugc vao quan h¢ u(z,p) da cé tu
budc 1 dé duoc nghiém t6i wu ' (¢) cua bai todn.
3.1.2. B diéu khién LQR (Linear Quadratic Regulator)

C6 thé thiy viéc dp dung nguyén 1y 3 budc néu trén ctia phuong phap
bién phan 12 hoan toan khoéng don gian cho hé phi tuyén vi cho téi nay ta van
chua c6 dugc phuong phédp tim nghiém tuong minh cia hé phuong trinh vi
phan phi tuyén (budc 2). Boi vay ngudi ta thuong chi d4p dung cho bai todn c6
hé (3.2) & dang tuyén tinh tham s6 hang (linear):

¢=Ax+ Bu (3.6)
c6 T =oo (khoang thoi gian xay ra qud trinh tdi vu cho trude 12 vo ciing), ham

muc tiéu (3.3) ¢ dang toan phuong (quadratic):
J(u)=] (2" Qz+u" Ru)dt (3.7)
0

va diém cudi x, 12 bat ky, trong d6 @ 1a ma tran d6i xtmg ban xac dinh duong
(Q=Q" 20), R 1a ma tran ddi xtmg xdc dinh duong (R = R” >0) cho trudc.

O truong hop dic biét nay, nghiém ti wu «” tim duoc theo phuwong phip
bién phan s€ c6 dang on - line [5]:

*

uw =—R'B'Le=-R,,x v6i R,,, =R"'B'L (3.8)
trong d6 L 12 nghiém d6i xtmg ban xdc dinh duong cia phwong trinh dai
sO Riccati:

LBR'B'L-A"L-LA=Q (3.9)
Lic nay R, ,, cho bdi cong thirc (3.8) s& dugce goi la bd dicu khién (regulator)
phan hoi trang thai tdi wu.
3.1.3. Piéu kién di cho tinh 6n dinh ciia hé¢ LQR

Hé LQR dugc hiéu 1a hé kin gom ddi twong tuyén tinh tham sé hang

(3.6) va bd diéu khién phan hoi trang thdi (3.8), nhu dwge md ta & hinh 3.1.

Do bai todn t01 wu nay c6 di€ém cudi z, la bat ky nén chua thé khang dinh
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duoc hé LQR d6 1a da on dinh, tirc 1 chua thé khang dinh duoc 12 ¢ hé LQR
cling s€ co:
T, = }im z(t)=0
Tuy nhién, néu mot trong céac diéu kién néu sau day duogc thoa man (diéu
kién du), thi ta luén khéng dinh duoc hé LQR Ia 6n dinh [5]:
— Bai todn c6 Q=Q" >0, tirc 12 ma tran Q 1a x4c dinh duong chir khong
chi 1a ban x4c dinh duong.
— Nghiém L tim dugc ctia phuong trinh Riccati (3.9) la x4c dinh duong
(chtr khong chi 1a ban xédc dinh duong)

— Cap ma tran (4,Q) la quan sat duoc.

y, | Bodiéu H¢ lién
khién toi | ¥ tuc tuyén £

r uu LQR tinh

v

Hinh 3.1. Hé kin voi bo diéu khién phan hoi trang thdi 16i wu LOR

3.1.4. Ap dung nguyén tic diéu khién LQR dé diéu khién t6i wu hé tuyén
tinh bam 6n dinh theo gi4 tri dau ra cho truéc

Pé tao duoc kha nang st dung bd diéu khién LQR nhu trén vao bai toan
diéu khién du bdo hé song tuyén bam theo duoc gia tri dau ra cho trudc, sé
duoc trinh bay ngay & muc 3.2 sau ddy, trong muc nho nay ludn 4n sé& tién
hanh bién d6i mot chiit it bo diéu khién LQR (3.8) dé c6 thé dp dung dugc
vao bai todn diéu khién tdi vu hé tuyén tinh tham sé hang:

{dz =Axz+ Bu

3.10
y=Cx+ Du (3-10)

sao cho dau ra y cua n6 bam theo duoc gia tr1 dau ra mau y, cho trude. Sau
day bai todn nay s& dugc luan an goi 1a bai todn di€u khién bam t6i wu.
Trudce ti€n, do khong phai bai todn diéu khién bdm nao cling c6 nghi¢m,

nén ta can c6 cic gia thiét sau cho bai todn di€u khién bam t6i uu:
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— Bai todn bdm t6i uu hé tuyén tinh tham s hang (3.10) c6 nghiém u, &
ché do xdc 1ap, trong d6 ky hiéu chi s6 e dé néi rang d6 1a tin hiéu ma
v6ind c6 dugc y =y, ,

— Khi hé d bam theo duoc gid tri mau y,, tuc la khi da c6 y=y,, thi h¢
s€ xdc 1ap voi trang thai xac lap la =, .

V6i hai gia thiét néu trén, hién nhién phai cé:
{02:&8 = Az, + Bu,

3.11
y,=Cz,+ Du, ( )

va di€u nay tuong duong véi:

wHo D) =GHE G e

Tiép theo ta dat bién méi:

O=x—x, va p=u—u,
thi khi trir tng vé cua (3.10) va (3.11) cho nhau, s& duoc (goi 12 hé sai sb):

d=A6+DBp (3.13)
va bai todn diéu khién bam theo gi4 tri dat Yy, O dau ra cho hé tuyén tinh tham
s6 hing ban dau 1a (3.10) nay da tré thanh bai toan diéu khién 6n dinh cho hé
sai sO (3.13).

Ap dung phuong phap diéu khién LQR cho hé sai s6 ung voi ham muc tiéu:

J(p)=;f(§TQ§+ p"Rp)dt (3.14)
co QR déu 12 hai ma tran ddi xtng x4c dinh duong, ta sé duoc:

p =—R'B"LS véi R on= R'B"L (3.15)

trong d6 L=1I" >0 la nghiém dbi ximg xdc dinh duong cta phuong trinh
Riccati (3.9). Tét nhién bd didu khién LQR (3.15) nay s& 1am on dinh hé sai

s6 (3.13), vi & ddy ¢6 @ 1a ma tran xé4c dinh dwong.
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Tir bo didu khién LQR (3.15) cta hé sai s6 (3.13) ta cling suy ra dugc b
diéu khién bam ti wu theo gid tri dau ra dit trudc y, cho h¢ tuyén tinh tham
s6 hang ban dau (3.10) nhu sau:

w=u—-R'B'L(x-z,) (3.16)
3.2. Phuwong phap dé xuét dé diéu khién du béo véi cira s6 dw bao vo han cho
hé song tuyén lién tuc khong dimg, bam theo dworc gia tri dau ra cho truéc

Duya trén phuong phéap diéu khién x4y dung trén nén bién phan di duoc
luan 4n giGi thiéu & myc 3.1.4, dé diéu khién bam 6n dinh hé tuyén tinh tham
s6 hing mo ta boi (3.10), sau ddy ludn 4n s& mo rong tiép thanh mot dé xuét
phuong phép diéu khién du bdo cho bai toan diéu khién bam on dinh theo quy
dao tin hiéu diu ra mau cho hé song tuyén lién tuc, thay vi chi diéu khién 6n
dinh, va st dung truc tiép mo hinh lién tyuc d6 trong md hinh dy bdo, thay vi
str dung mé hinh x4p xi khéng lién tuc cia né.

3.2.1. Tw twéng chinh cia phwong phap
Xét hé song tuyén MIMO, khéng dimg, ¢6 s tin hiéu dau vao bang sd
céc tin hiéu dau ra, mé ta boi md hinh lién tyc:
T =A(z,t)x+ B(xz,t)u
(3.17)
y=C(x,t)x+ D(x,t)u
trong d6 we R™ la vector cia m tin hi¢u dau vao, ye R"™ la vector cia m
cdc tin hiéu dau ra va ze R" 14 vector cia n bién trang théi trong h¢. Cac ma
tran A(x,t), B(xz,t), C(x,t) va D(z,t) déu c6 nhitng phan tir 12 ham sé phy
thudc bién trang thdi 2 ciling nhu thoi gian ¢. Bai toan diéu khién dat ra ¢ day
1a x4c dinh bd diéu khién phan hdi trang thdi sao cho tin hiéu dau ra y cua hé
bam theo dugc gia tri du ra mong mudn y, cho trude.

Gié st tAt ca cdc ma tran A(z,t), B(z,t), C(z,t), D(z,t) 12 lién tuc theo
x va t. Khi d6, ¢ thoi diém t. hién tai va trong khoang thoi gian
t, <t<t +1T, dunho, h¢ song tuyén (3.17) s& xap xi dugc boi md hinh tuyén

tinh tham s6 hang:
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ko

t=Axz+Bu
’ (3.18)

y=Cz+Du
trong do:
Az, t)= A, B(z,t)=B,, C(z,t)=C,, D(z,t)=D, khi t, <t <t +T, (3.19)

Vi¢c xap xi trén la hoan toan chap nhan dugc do tur gia thiét vé tinh lién

tuc cua cac ma tran tham s6 mo hinh (3.17) ludn co:

lim A(z,t)=4,, %klr_% B(z,t)=B,, %}r_)r%) C(z,t)=C,, gg%D(m,t) =D,

Tk—>0
va T, 1a thoi gian tinh toan can thiét cho mot vong 1ap ctia b diéu khién du
béo, nén rat nho dbi véi card DSP1103 ma tic gia st dung khi tién hanh thyc
nghiém thi T, = 70ns . N6 ciing s& chinh 1a khoang dich chuyén ctia cira s6 du

bao.

| Cua s6 dw bdo vé han

—— .
tk t +1 t

O thoi diém hién tai hé dwoc |e-------
xap xi boi moé hinh LTI H, . x (k] [k]

O thoi diém tiép theo hé
dwoc xap xi boi mo hinh LTI
HI«+I .

z [k+1],u,[k+1]

Hinh 3.2. Mo ta tu twong cua phuong phdp

Nho viée xap xi md hinh song tuyén lién tuc khéng ding (3.17) thanh vo
s6 mo hinh LTI (3.18) tmg v6i k=0,1,... nén bai todn diéu khién bam gia tri
dau ra mau y_ cua hé song tuyén (3.17) tré thanh bai ton bam tin hiéu ra
mau y, cho tat ca vo s hé LTI (3.18). Va nhu vay, cic budc diéu khién trong

mot vong lap s€ la:
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Tw twéng ciia phwong phap dwge dé xuét:

1. Tai thoi diém hién tai ¢, do gid tri =(¢,) =, va xdc dinh cdc ma trn hang
ctia m6 hinh LTI (3.18) gdm A,,B,,C,,D, theo céc cong thic:
A =Az,.t,), B, =B(z,.t), C,=C(z,.t,), D,=D(z,.t,) (3.20)

2. Xéc dinh tin hiéu diéu khién w(t) dé hé LTI (3.18) bam theo duoc gid tri
tin hidu dau ra mau vy, .

3. Pua wu(t) vira tim duoc vao diéu khién hé song tuyén (3.17) roi quay vé
budc 1 dé thyc hién vong 1ap méi tai thoi diém tiép theo 1a ¢,

3.2.2. Xay dung thuat toan diéu khién

Nhu vay, & thoi diém hién tai ¢, hé song tuyén lién tuc khoéng ding
(3.17) da duoc xap xi boi md hinh LTI (3.18) va tat nhién mé hinh x4p xi nay

cling s€ chi dugc sir dung trong khoang thoi gian ¢, <t <t,

., Cua mot vong
l1ap, nhu mo6 ta ¢ hinh 3.2, trong d6 ¢,,, =t, + 7, vo6i 7, 1a thoi gian tinh todn
can thiét cho mot vong 13p. Nhu vay T, s€ 1a vd cung nho va viéc xap xi md
hinh song tuyén (3.17) véi tinh lién tuc cia cidc ma tran A(z,t), B(x,t),
C(z,t), D(z,t) thanh m6 hinh LTI (3.18) trong khoang thoi gian ¢, <t <t ,
l1a hoan toan chép nhan duoc.

Goi y, 1a tin hiéu dau ra miu ma hé LTI (3.18) can phai bim theo. Day
cling chinh 1 bai todn da duogc trinh bay & muc 3.1.4 trude ddy. Do d6 néu ky
hi¢u =z [k], w,[k] 1a gid tri trang thdi va diéu khién cta h¢ LTI (3.18) & ché do
xéc lap, tirc 1a khi hé da bam theo duoc gid tri dau ra mau y,, thi nhitng gi4 tr1
xd4c 1ap nay phai thoa man:

{0 = Az [k]+ B,u [k]

(3.21)
y, =C .z [k]+ Du k]

Tir day ta suy ra dugc hé gdm n+m phuong trinh cho n+m 4n s
(z,[k],u[k]) nhu sau:

(Akme[k] + Bkue[k]j _( 0 j o (Ak Bk,j(me[k]j _( 0 j
C.xlkl+Dulk]l) \y, C. D )\wulk]) \y,
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e 7))
PN _ (3.22)
u, k] C. D, Y,

va d6 cling la hé¢ phuong trinh cho phép xdc dinh cidc gid tri x4c lap
(x,[k],u [k]) cta hé tir tin hi¢u ddu ra m3u vy, .

Lai dit cdc bién méi gidng nhu d3 1am ¢ muc 3.1.4:

O=z—-x[k] va p=u—u,lk]
thi do (z,[k],%,[k]) 1 nhitng vector hang s, ta s& c6 tir (3.18) va (3.21) md
hinh hé sai sé nhu sau:

d=A6+DB.p (3.23)

Nhu viy, bai toan diéu khién hé (3.18) bam theo gid tri dau ra mau y, da
duoc chuyén thanh bai todn diéu khién 6n dinh hé sai s6 (3.23). DBé thiét ké bo
diéu khién dy bdo cho hé tuyén tinh lién tuc (3.23) ¢6 duoc chét lugng 6n
dinh tdi wu, ta s& 4p dung phwong phép diéu khién tdi wu LQR cho budc dich
chuyén ctra s6 dy bdo thi & véi do rong cua ctra s6 du bdo 1a vo han, duoc

d4nh gid boi ham muc tiéu mo ta sai s6 du bdo & thoi twong lai nhu sau:
1= :
J.(p) =2 [(6"Q,6+ p" R, p)dt — min (3.24)
t

trong d6 @), R, 1a hai ma trdn dbi xtmg xdc dinh duong tuy chon, thay dbi
duoc theo tirng budc dich chuyén cta cira sO du bdo. Viéc tuy chon hai ma
tran @, R, nay s€ 1a mot co hoi dé sau nay thuat todn con c6 kha ning thoa
man thém diéu kién rang budc.

Ap dung phuong phdp bién phan dé tim nghiém p" ciia bai todn téi uu &
qué trinh qua dg, md ta boi (3.23), (3.24), ta s€ ¢6 (xem lai muc 3.1.2):

LkBk,Rk_lBl?Lk, - LA - AXLA: =@, (3.25)
va p =-R'B'LJ6=-R'B/L (z-=z[k])

Tu day ta cling dén dugce tin hiéu diéu khién cho hé song tuyén lién tuc

va khong dirng (3.17) ban dau tai cira s6 du bdo hién tai:
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u () =ulk]+p (1)
=u [k]-R;'B. L, (x—z,[k]) (3.26)
va tat nhién tin hiéu diéu khién nay chi str dung dugc trong diing khoang thoi
gian hién tai la ¢, <t <t¢,,,.

Tong két lai thi bd diéu khién du bdo vdi ctra s6 dy bdo vo han, dp dung
cho h¢ song tuyén lién tuc khong dung (3.17), lam viéc theo thuat todn dé
xudt & trén s& gdm cdc budc 1ap nhu sau:

Thuit toan 3.1: Diéu khién di bdo phan hoi trang thdi dé tin hiéu ra bdm
theo tin hiéu dau ra mau cho hé song tuyén lién tuc voi cua 56 dw
bdo vo han.

1. Chon quy luat thay ddi céc ma tran trong s6 Q.. R, dbi xing xac dinh

duong. Gan ¢,=0 va £=0.
2. Po x, =x(t,) va tinh x4p xi cdc ma tran hiang A,,B,,C,,D, cia md hinh
LTI (3.18) t&r A(=,t), B(zx,t),C(x,t),D(x,t) theo cong thuc (3.20).

3. Xdéc dinh (z,[k],u,[k]) tr y, theo (3.22).

4. Tim L, la nghiém d6i xtng, ban x4c dinh dwong cia phuong trinh dai s6
Riccati (3.25). Tinh » theo (3.26).

5. Pua u’ vao diéu khién ddi tuong song tuyén lién tuc khong dimg (3.17)
r0i gan k:=k+1 va quay vé 2.

V6i thuét todn chi tiét nhu trinh bay trén day thi khoang thoi gian T, cho viéc

x4p xi (3.17) thanh (3.18) chinh 12 khoang thoi gian can thiét dé thyc hién cic

phép tinh tir budce 2 dén budc 5.

3.2.3. Kha ning xir Iy diéu kién rang budc

Trong thuat todn trén c6 hai ma tran tham s6 Q,, R, la tuy chon. Ta c6
thé chon ching thay d6i theo su dich chuyén cﬁa?cfra so0 du bdo, tuc la th;o
t., k=0,1, ... sao cho nghiém bai todn con c6 thé thoa man thém dugc diéu
kién rang budc:

p|sQer (3.27)
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voi Q 1a gid tri chédn trén cho trudce, trong khi chat lugng 6=z -z [k] >0
van dugc dam bao.

Theo nguyén ly thay d6i Q,, R, gi6i thiéu & tai lidu [1] thi:

— Khi R, cang 16n, diéu kién rang budc (3.27) cang dé duoc thoa min.
— Khi @, cang 16n, cang d& dat dwgc chat lugng 8 =z —x.[k] — 0.

Khong bao gid ca hai ma tran tham s6 Q,, R, ciing dugc ting hodc giam
tai mot budc dich chuyén cua ctra sO du béo.

Nhu vy, theo nguyén 1y nay ta cé thé xdc dinh quy luat thay doi Q.. R,
1a giam dan R, (sau khi diéu kién rang budc (3.27) da dugc théa man), hodc
tang dan @, cung voi k, tire 1a cung voi su dich chuyén cua ctra s6 dy bdo.

Ngoai ra, dé cai dat thuat toan, ta can dén phuong phdp giai phuong trinh
dai sd Riccati (3.25). Mot sd phuong phdp tim nghiém L, hitu ich cho
phuong trinh Riccati nay da duoc gidi thi¢u o tai li¢u [S].

3.2.4. Chirng minh tinh bam 6n dinh ciia phwong phap dwoc dé xuit

Hinh 3.3 minh hoa hé diéu khién dy bdo véi bd diéu khién 1am viéc theo
thuét todn 3.1 vira dé xuét.

Hé kin nay 1am viéc theo nguyén 1y phan hdi trang thai va hién nhién
khong phai 1a h¢ roi rac, vi & d6 c6 x(1), u’(t) 12 vector cdc ham lién tuc.
Trong mdi mdt cira s6 diéu khién véi do rong vo han [k,o], tin hi¢u u’(t)
duoc dua vao diéu khién ddi twong trong diing mot khoang thdi gian tinh todn
clia mot vong lap ¢, <t <t . Boi vay ta c6 thé ky hiu u, (t) thay vi u’(t).
Trong sudt qud trinh diéu khién, tin hiéu diéu khién w(t) s& chinh 1a day ghép
ndi céc tin hiéu lién tuc uZ(t), k=0,1, ... nay. Vi vy h¢ kin d6 la thudc
nhém hé théng dir liéu mau (sampled data systems) [4].

Khi dp dung phwong phap bién phan cia diéu khién tbi wu, trong hinh
3.3, khi dung cira s6 du bdo vo han ching ta cam thay mat di mé hinh du bdo
nhung phuong phdp nay van duoc goi 1 diéu khién du bdo vi né van thyc

hién duoc viéc cuc ti€u hoda sai 1éch du bao tir thoi di€ém hién tai cho dén vo
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cling & tuong lai va nguyén tic dich ctra s6 du bdo cii van duoc gitt nguyén &
phuong phéap dé xuit nay theo nguyén ly Receding Horizon Control (chién

lugc diéu khién dich dan vé tuong lai) nén thuc chat van 1a diéu khién dy bdo.

He¢ song

Joi _'Q?ll , tuyén

4 T
: z [k] |ulk %wb Y,
Toi wujq_] Moy S |
dong 4.B.C,.D, hinh du t, to t,

bao

Hinh 3.3. Diéu khién du bdo hé song tuyén lién tuc voi cura s6 du bdo vo han

Vé tinh 6n dinh ctia hé kin trong hinh 3.3, ta c¢6 phdt biéu sau:

Pinh ly 3.1: Néu cdc ma tran Q. R, k=0,1, ... la doi xung xdc dinh
duong va:
(é’; zB)ij (3.28)
khéng suy bién thi ¢ hé diéu khién duw bdo cho trong hinh 3.3 sé ¢
Yy—u,.
Chung minh:
Hién nhién, véi gia thiét (3.28) thi s& du néu ta chimg minh dugc [8(2)|
la bi chan va ¢c6 d(t) >0, trong d6 6(t) 1la quy dao sai 1éch trang théi trén

toan b truc thoi gian, c6 dugc nho ghép tat ca cic quy dao thanh phan trong
tirng ctra s6 du béo (hinh 3.3).

Xét ctra s6 du bdo thir ¢, bat ky. Do Q,,R, 1a ddi ing xdc dinh duong,
nén h¢ kin voi md hinh sai 1éch:

0=(A -BR,'BL,)6=A0 tngvéit <t<t, cé

Ak =4, - BA:R;IBgLA:

12 6n dinh. Béi vay Zlk Ia ma tran Hurwitz [4].
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Hon nira, h¢ trén c6 quy dao trang théi trong toan bo khoang thoi gian la:
S(t) =8 | trong d6 0, =0d(t)
Boi vay ta suy ra dugc véi moi ¢t >0

J(t) — eAk(t—tk)é'k
— eAk(t—tk)eAk—l(tk—tk—l)é‘k_l — exp[ﬁk (t _ tk,) + Ak—l(tk _ tk,—l)] é‘k,—l

-~ k=1 ~
= exp[Ak t—t)+ %Ai (t,, — ti)} 9,
Ngoai ra, vi ¢, —t, >0 va tit cd cdc ma tran:

A(t—t) va At

i+1

—t) voi1=0,1, ... ,k—1
la Hurwitz, tac la:

}Lrg exp flk (t—t,)=0,VE (ma tran c6 tit ca cic phan tir bang 0)
cling nhu:

k=1 ~
exp > A (t,, — 1) la hiru han
i=0

ym|5(t)| =0
va d6 chinh 1a diéu phai chimg minh. u
3.2.5. Kha ning ap dung cho hé phi tuyén affine khong dirng

Phuong phdp diéu khién du bdo dé xuit ¢ trén cung véi thuat todn 3.1
cho hé song tuyén lién tuc, khong ding ciing hoan toan dp dung duoc cho ca
nhitng hé phi tuyén affine khong dimng, mo ta boi:

T = f(x,t)+ B(x,t)u

f@)

cling tién vé 0 véi toc d6 nhanh hon || — 0. That vay, véi gid thiét néu trén thi:

néu nhu & d6 6 vector ham f(z,t) lién tuc theo ¢ va khi |2/ —0 thi

T
x=A(z,t)x trong d6 A(z,t) = J@ )z

2
@

fap=LEDT (‘”?”’

B
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ttc 12 hé song tuyén twong duong:

T =A(z,t)x+ B(z,H)u
cling s€ ¢c6 ma tran A(x,t) lalién tuc theo x.
3.3. Két luan chuong 3

Toan bd ndi dung chuong 3 1a dé& xuit méi cua luén 4n vé phuong phdp
diéu khién dy bdo cho hé phi tuyén lién tuc khong dimg néi chung va cho hé
song tuyén lién tuc khong ding néi riéng. Phuong phdp dé xuit nay dugc xay
dung trén nén phuong phap bién phan cia diéu khién téi wu va 4p dung dugc
cho ca bai toan diéu khién 6n dinh cling nhu bai toan diéu khién bam 6n dinh
theo gid tri mau cho truéc & dau ra. N6 cling da dugc luan an thé hién chi tiét
dudi dang thudt toan 3.1 ciing nhu ¢ dinh 1y 3.1 cho sy khang dinh vé chat
lwgng bam 6n dinh cua hé kin thu dugc.

Phuong phdp dé xuét nay cta luan dn c6 nhitng uu nhuoc diém sau:

— Dé dang 4p dung dugc cho hé phi tuyén lién tuc va khong ding cht khong
chi riéng hé song tuyén.

— Phuong phédp d& xuat st dung cira s6 du bdo v6 han nén khong can ¢
thém ham phat, vén rat khé, tham chi chua c¢6 goi ¥ hitu ich nao cho viée
xdc dinh chuing.

— Khé xir 1y cdc diéu kién rang budc phuc tap. Hién nay phuwong phdp dé
xuat nay cta luan d4n méi chi ¢ kha ning xir Iy duoc cic diéu kién rang
budc vé gia tri cua tin hiéu diéu khién thong qua chinh dinh hai ma tran
tham s6 ,,R, trong cdc ham muc tiéu mo ta sai léch bam cho béi cong

thuc (3.24).
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CHUONG 4

THU'C NGHIEM KIEM CHUNG CHAT LUQNG PHUONG PHAP PA
PE XUAT TREN POI TUQONG TRMS
Pé kiém chimg chit lwong bd diéu khién du bdo do luan dn dé xuét, trinh
bay & thuit toan 3.1, sau ddy lun 4n s& 4p dung dé diéu khién hé TRMS va
so sanh két qua khi hé duoc diéu khién véi bo diéu khién du bdo 1am viéc trén
nén quy hoach phi tuyén, tirc 12 khi hé dugc diéu khién theo thuit toan 2.1.
Cong viée so sanh két qua nay s& dugc thuc hién bang ca 2 cich:
— nho md phong trén MatLab, va
— thyc nghi€ém trén ban thi nghiém vat ly h¢ TRMS c6 tai Phong thi nghiém
Dién - Dién tu, truong Dai hoc K¥ thuat Cong nghiép.
4.1. M6 hinh toan cia h¢ TRMS
Mb hinh todn hé TRMS di duoc rat nhiéu tai liéu cung cip, chang han nhu
[9], [10], [12], [41], [51], [52], [53], [54], [60], va cling c6 nhiéu cdch khdc nhau
dé xay dyng cdc mo hinh d6. Ching cha yéu dua theo hai hudng chinh:
— Thir nhét 1a sir dung cdc dinh luat cin bang ctia Newton (khi d6 mé hinh
thu dugc ¢6 tén goi 1a mo hinh tya Newton).
— Thir hai 12 st dung cong thirc cAn bang ning luong ctia Lagrange.
4.1.1. M ta vat Iy hé¢ TRMS
Heé thdng hai canh quat nhiéu vao nhiéu ra (TRMS) 12 mot hé thong c¢6 2
bac tu do dé diéu chinh tam (g6c chao doc) va hudng (gbéc ddo 14i) cia canh

tay don, nhu moé tad ¢ hinh 4.1 a, b.
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Rotor duoi ,
-7~ Hopbao v¢
-

N/ Chét quay

Hop bao vé
~

Canh tay don tu do ~

Dai trong
—

Tru

/ TRMS 33-220

Hinh 4.1. a, b. Cdu hinh vdt Iy hé TRMS

Hé TRMS bao gdm 2 canh quat huéng vudng géc va duge ndi voi nhau
béng mot canh tay don (goi la canh tay don tu do), cdnh tay don ty do duogc
ndi v6i mot try thong qua khdp quay, cdnh tay don c6 thé quay tu do theo mit
phang dung (tim, géc chao doc) va mit phang nam ngang (hudng, géc dao
14i). Viéc diéu chinh gbc chao doc dugc thuc hién bdi canh quat 1, diéu chinh
huéng duoc thuc hién boi canh quat 2. Hai cdnh quat nay duoc didu khién boi
hai dong co mot chiéu kich tir doc 1ap. Cdc dong co dién duoc cip dién thong
qua bo bién d6i dién tir cong suit, toc do cdc canh quat duoc diéu chinh béng
cach thay d6i dién dp dit vao dong co. Ngoai ra hé thong con duge trang bi
mot ddi trong gan vao cdnh tay don, ddi trong ding dé cin bang md men dong
hoc ¢ trang thdi 6n dinh. Viéc diéu chinh géc tim va géc hudng ciia hé TRMS
c6 tdc dong xen kénh 14n nhau. Xét trén mot s6 phuong dién, hoat dong cua

TRMS giéng nhu mdy bay.
4.1.2. M6 hinh tya Newton

Tdc gia Akbar Rahideh (2009) cua ludn dn [10] da xdy dung mo hinh
todn hé TRMS theo cd hai phwong phdp: sir dung cdc dinh ludt can bang ciia

Newton va sir dung cong thirc can bang nang lwong cia Lagrange. Trong
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ludn dn nay, toi s dung mo hinh dwoc xday dung theo cdc dinh ludt can bcfng

ciia Newton. Mé hinh todn déi tiwong TRMS gom 6 bién trang thdi dwoc dua

ra nhu sau:
(k,0)” B, (@) k,
A , - gy — D) h,¢h,f6(Uh)
‘]trRa,h ‘]tr ‘]tr ‘]trRa,h
ltyth(wh)COS aﬂ _f7 (Qh) - fS(ah)
w, Dcos’ @, + Esin” o, + F
S, k, @, cosa,
’ S, + 5 —
dla, | Dcos” @, + Esin” o, + F'
dt| o, (k. 0) B (@)  k
— (L7}¢1J a)/U _ mrnr X _ -f;l v + (L1J¢U J(é (U/U)
SU ‘]ermr J’IHT ‘]mr J’IHT R{L?}
a, L@, 7, +k,Q, cosa,) - f,(Q,)+g[(A-B)cosa, - Csina,]-0.5Q; H sin 22,
JU
k
Sv + —+ wh

Equation Section (Next)

Trong do6:

v

4.1)

U, /U,: bién 4p DPCMC canh quat chinh/dudi (V')

B

mr

/ B,.: Hé s6 ma sit nhét cia DCMC chinh va DCMC dudi (kgm’/s)
R, /R,:Dién tro phén g ctia PCMC cénh quat chinh/dudi (Q)

k

av?®

k

ah

: Céc hé s6 duong (Nm/AWb)
@,/ @, : Tu thong cia DPCMC canh quat chinh/du6i (Wb)
o, / @, : Van toc géc cia PCMC cénh quat chinh/dudi (rad/s)

J

mr

/J, : Momen qudn tinh cia PCMC chinh/dudi (kgm?/s)
¢ : Gia toc trong truong (m/s*)

J,: Momen quan tinh cua tryc ngang (truc hoanh) (kgm?)
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k,: HE sd con quay
| : Chiéu dai ctia phan chinh ctia canh tay don (m)
l,: Chiéu dai ctia phan dudi ctia canh tay don (m )

Q : Van toc géc cua canh tay don TRMS trong mat phang thing
dung (rad/s)

¢, Vi tri theo phuong thang dung cua cdnh tay don TRMS (rad)

7.7, 1a cdc hé s6 bién dang cua chiéu dai cdnh tay don chinh va du6i (hai
hé s6 nay c6 giai bién thién tir 0.9 dén 1). Truong hop ca hai hé s6 nay bang
1 thi md hinh sé& twong duong véi gia thiét 12 vat lidu tuyét ddi cimg.

S,: Van téc géc cua canh tay don TRMS trong mit phing ngang ma

khong bi anh hudng béi canh quat chinh (rad/s)

S,: Van tbc gbéc ctia cdnh tay don TRMS trong mit phang thang dimg

ma khong bi anh hudng bai cdnh quat dudi (rad/s)
¢, : V1 tri theo phuong ngang cua cénh tay don TRMS (rad)
Q,: Van tdc géc cua canh tay don TRMS trong mat phing ngang (rad/s)
Céc gia tri:

R

ah®

Lah’ka,h¢h’Jtr’Btr’lt’D’E’F’k

m?

R

av?®

Lav’k Qr"]mr’B

av mr?

[,
kg,g,A,B,C,H,Jﬂ,kt 12 nhitng héng $b duong va cac ham $b:

fi(a)h) ’ fZ(a)h) ’ f7(Qh)’ f;(ah)’ fi(a)’u)’ f9('£)‘u)lél CéC hém phl tuyén phu thuéc

vaocicbién @,, Q,, ¢, , w,, va Q.

Béang 4.1 dua ra cic tham so0 cua doi twgng nhu sau



Bdng 4.1. Cdc tham sé hé thong

Tham sb Gia tri Tham sd Gia tr1

L, (m) 0.282 R (Q) 8

I (m) 0.246 L (mH) 0.86
,(m) 0.290 k,@(Nm/A) 0.0202
l,(m) 0.276 J(gem?) 1272

r. (m) 0.155 J. (gem?) 248
r,,(m) 0.100 B, (kgm?/s) 2.3x107
m,, (kg) 0.221 B, (kgm’/s) 4.5x107
m,, (kg) 0.236 k, 3.6x10”
my, (kg) 0.068 k, 8.7x107
m, (kg) 0.015 kp, 1.84x10°
m_(kg) 0.014 K 2.20x107
m, (kg) 0.022 kp, 1.62x107
m, (kg) 0.119 Ky, 1.08x10”
m,  (kg) 0.219 k, 2.6x107
kg 0.2 k 2x10-4
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Phuong trinh khong gian trang thai phi tuyén trén ddy ciia h¢ TRMS c6
thé biéu dién lai duoc dudi dang phi tuyén chuan nhu di cho & cong thirc

(2.12) 1a:

T =A(x)x+ B(x)u
(x) (x) 42
y=C@)z
trong do:
L= (a)h Sh ah a)v Sv av )T
_(kah,%; )2 _ﬂ _ kthp/n O 0 0 O 0
Jh' Rah Jtr Jir
lt}/ikﬂlp/n a)h | €os a/'u _ktﬂr _kchp/n _kufh km cos al‘ 0 0
f{O(aL') in(a'Lv) fl’O (alt) (ﬁ()(arz))z
k cosc
0 1 0 'm v 0 0
(24
A($): i jio( U) .
0 O 0 _(k(w¢1: ) _ ﬂ _ tup/n ) 0 O
mr” “av er mr
M O 0 kfz:p/n a)1*| (lm 7711, + ngh cos an) _kufu fl.l (a/qv)
Ji J” JU
ki
— 0 0 0 1 0
JU
(4.3)
klkah¢h O
JtrRah
0 0
0 0 001 00O
B(x)= , C) = (4.4)
AN 000001
J77L7'R(LU
0
0 0
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va f.(a)=Dcos’a,+Esin’a, +F
gl(A-DB)cosa, —Csine, ]

néu a,#0
fil (azr) = a’u
0 néu «a,=0

Téc gid sit dung mo hinh todn hoc & trén dé cai dat thuat todn diéu
khién du bdo trén nén qui hoach phi tuyén va thuit todn diéu khién du bdo
bam 6n dinh dé diéu khién hé thong TRMS nham kiém nghiém céc thudt todn

da xay dung ¢ chuong 2 va chuong 3.
4.2. Thiét ké bd diéu khién dv béo trén nén quy hoach phi tuyén
4.2.1. Thiét ké va cai diit by diéu khién du bao cho hé¢ TRMS

Déi turong hai canh quat nhiéu dau vao nhiéu dau ra (TRMS) 1a hé théng
thi nghiém vé khi dong luc hoc c6 dic tinh phi tuyén cao, gdbm hai dau vao,
hai d4u ra va 6 tham sé trang thi. Trén thé gidi hé thong nay dd va dang duoc
nghién ciru, ing dung thir nghiém dé dénh gia va thuc hién céc ky thuat didu
khién tién tién. Tuy nhién, & Viét Nam thi TRMS méi duoc 1dp dit tai mot sb
phong thi nghiém cta cdc truong Pai hoc nhung hau nhu chua dugce sir dung
dé kiém nghiém cdc thuat todn diéu khién méi.

TRMS 1a mot hé phi tuyén kha dién hinh nén luan n st dung hé thong
nay dé kiém chtng cdc két qua nghién ctu 1y thuyét trong chuong 2 va
chuong 3. Dya trén md hinh toan hgc cua TRMS trong muc 4.2 luan an sé
trinh bay mot sé bo diéu khién du bdo, dp dung cho hé TRMS, md phong va
d4nh gid chat luong cua cdc bo didu khién dy bdo d6. Sau ddy ludn 4n sé trinh
bay két qua md phong ctia phuong 4n cai dat cu thé 1a st dung SQP, cong bd
O cOng trinh 2.

Dé cai dit thudt todn diéu khién dy bdo 2.1 da trinh bay & chuong 2

trong trudng hop c6 cic diéu kién rang budc:

y" <y (k+ilk) <y, i=12, ... ,N (4.5)

p
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Wt <u (b +i—1R) <u™, i=12, ... N, (46)

J

4.7)

C

Au™ < Auy(k+i-11k) <A™, i=12, ... N

trong d6 7=1,2 la chi $6 céc phén tr cua vector y(k+ilk), uw(k+ilk) va
Au(k+ilk) tai thoi diém %+ trong twong lai thudc ctra s6 du bdo thir &, ma cu
thé 1a:
y(k+ilk)=(y,(k+ilk) , y,(k+ilk))" =(e,(k+D)T) , e, ((k+i)T))"
w(k +ilk)=(u(k+ilk) , u,(k+ilk)) =(U,(k+)T), U,(k+)T))"
Auk+ilk)=(Au (k+ilk) , Au,(k+ilk)) =(AU,(k+)T) , AU, ((k+i)T))"
ta can bién ddi cdc diéu kién rang budc nay vé dang chung nhu da trinh bay
tai cong thtc (2.33).

Do ¥, = e, 1a phan tir thir 3, y, =, 1 phén tir thr 6 va hai phan tir cia
w chinh 12 cdc tin hiéu diéu khién trang thdi & ctia mo hinh (2.22), nén hai
diéu kién rang budc (2.27), (2.28) lién quan dén rang budc vector trang thai
z. Piéu kién (2.29) con lai lién quan dén vector diéu khién Aw. Boi vay

cong thuc (2.33) mo ta diéu kién rang budc cua h¢ TRMS s¢ la:

U={ Uer*

Au™ < Auy(k+i-11K) SAT™, i=12, ... N

4

y™ <a] (@, + f (U<y™, j=3.6 vai=12, ... .N

p

u™ <a! ()E +f (U™, j=78 vai=12, ... N, }
(4.8)

4.2.2. M6 phéng trén MatLab

Hinh 4.2 biéu dién ciu trdc khi cai dat thudt todn xay dung trén nén quy
hoach phi tuyén da trinh bay & muc 2.2. Pé tim nghiém tdi vu cho bai todn
(2.30), tic gia s dung phuong phip SQP. Chi tiét code chuong trinh s& dugc

dua ra trong phan phu luc cta ludn 4n.
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______________ MPC .

Yaa(k) ! i

—i—».'_'_w. . :

| e Luk) [N e y(k)
: e — -—.\ — : N i >
4o el i =—r
: " = i =
HAM MUC TIEU | POI TUGNG
! VA TOTTTIT HOA : «
| 4 i ~ 7~ = 4
' L—{MO HINTI DU BAO/« L MOHNH =
i —== ! MAU Ym(K)

Hinh 4.2. Cdu triic b6 DKDB dp dung cho thudt todn SQP

a. Cai ddt bé diéu khién véi thudt todn SQP

Khi cai dat bo diéu khién dy bdo véi thudt toan SQP cho ddi tuong
TRMS tng véi ham muc tiéu J (U) cho bdi (2.25) cling cac diéu kién rang
budc U dua ra trong céc cong thirc tur (4.5) dén (4.7), nay dugc viét chung lai
thanh (4.8), theo so do céu tric trong hinh 4.2 str dung thuat toan 2.1, ta thu
duoc céc két qua md phong Gmg véi nhitng dang tin hiéu dit khac nhau nhu
trong hinh vé tur 4.3 dén 4.6. Code chuong trinh dua ra trong phu luc 1 cua

luan an.

05

Goc chao doc - Alphav (rad)
o

‘ 1 1
0 20 40 60 80 100 120 140
Thoi gian (s)

05

Hinh 4.3. BPdp ung cua goc chao doc khi tin hiéu dat la xung vuong
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80

60

Thoi gian (s)

A

\

a xung vuong

éu dat l

A

oc dao ldi khi tin hi

2

4

dp ung cua g

-

Hinh 4.4. D

1
Thoi gian (s)

80

60

05

(==}
S ©
<

(pes) neydyy - o0p oeyd 205

t la substep

oc chao doc khi tin hiéu da

2

I4

Ddp ung cua g

Hinh 4.5.
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Goc dao lai - Alphah (rad)

Thoi gian (s)

Hinh 4.6. Ddp vng cua goc dao ldi khi tin hiéu dat la substep

Nhin xét, danh gia cic két qua md phéng: Dua trén cic két qua mo phong vai thoi
gian md phong 12 200 gidy cho thay khi ding bo diéu khién du bdo dé diéu khién ddi tugng
TRMS str dung thuat toan SQP thi ddp tng dau ra ciia géc dao 1di va géc chao doc biam
theo quy dao dat. Ngay khi thay doi tin hiéu dat ciia géc dao 14i Q, & gidy thur 25, gidy thir
50... trong hinh 4.4 thi géc chao doc &, trong hinh 4.3 ciing bi thay d6i theo va nguoc lai.
Va sau d6 cdc dau ra lai bam theo céc tin hiéu dat dau vao. Tuy nhién, khi thay d6i bién do
tin hiéu dat cang 16n (cu thé tir 0.6 rad xudng -0.6 rad hinh 4.4) thi d6 qua diéu chinh cua
ca gbc dao 1di va gée chao doc cang cao, con khi thay d6i bién do tin hiéu dat ¢ gidy thir 60
ctiia géc chao doc trong hinh 4.5 nho (tir 0.4 rad xudng 0.2 rad) thi d6 qud diéu chinh cua
géc dao 14i ciing rat nho. Két qua d6 cho ta thdy rit 1o tic dong xen kénh ciia cdnh quat
chinh va canh quat dudi théng qua géc chao doc va gée dao 1di (didu nay hoan toan phil
hop véi thuc té 1a khi thay doi toc do cta canh quat chinh cang 16n thi mtc d6 anh hudng
dén canh quat dudi cang nhiéu va ngugc lai). Tinh on dinh cua hé théng duoc xét
theo tiéu chuén tich phan binh phuong sai 1éch, gid tri d6 trong khoang tir
0.08 dén 0.561 tiry theo gi4 tri tin hiéu dat.

Tinh 6n dinh cta hé théng duoc xét theo tiéu chuén tich phan binh
phuong sai 1éch, gid tri d6 trong khoang tir 0.15 dén 0.806 tuy theo gid tri tin

hiéu dat.
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4.3. Thiét ké bd diéu khién d bdo trén nén bién phan (phwong phap diéu
khién dwoc luin 4n dé xuét)
4.3.1. Thiét ké va cai dat b diéu khién
Phuong phédp diéu khién dy bdo hé TRMS trinh bay ¢ muc 4.2.1, bén
canh vi¢c da giai quyét duge tron ven bai todn tdi wu voi tit ca nhitng diéu
ki¢n rang budc néu trong (4.8), song van boc 10 mot $6 nhuoc diém, bao gém:
e Bit budc phai st dung dang md hinh x4p xi khéng lién tuc cua ddi tuong
diéu khién:

e Thoi gian tinh todn rat 1au;

e Chét lugng 6n dinh cta hé phu thugc vao ham phat s(z(k + N, |k)) duoc

chon, trong khi van chua cé duoc mot quy tic chon ham phat t6i uu;
* Van tOn tai sai 1éch bam khi cdc tin hiéu dit y,,, bién doi nhanh.

Pé khic phuc cic nhuoc diém trén, trong muc nay ludn 4n sé dé xuit
mdot phuong phép diéu khién du bdo khic. Phwong phdp mé rong nay sir dung
truc tiép md hinh lién tuc ctia h¢ TRMS, va khoang dy bdo c6 do rong vo han
nén ludn dam bao duogc tinh bam 6n dinh cho hé ma khong can st dung téi
ham phat. Hon thé nita, phuong phap dé xuét nay duoc xay dung trén nén ly
thuyét diéu khién t6i wu, thay vi t6i wu héa, nén thoi gian tinh duoc rit ngin
déng ké.

Vi thudt todn 3.1 dé xuit trong muc 3.2.2, ta c6 so dd céu tric bo diéu
khién du bdo phan hoi trang thai dé tin hiéu ra bam theo tin hi¢u dau ra miu

cho hé¢ TRMS nhu hinh 4.7. Chi tiét code chuong trinh s& dugc dua ra trong
phﬁn phu luc cua luan an.
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e MPC ..
Yaa(k) | - i
) (R L u(k) y(k)
HAM MUC TIEU i DOI TUONG
! VA TOTTTITHOA :
: ol i N r" B 4
' L—{MO HINH DU BAOl« > MOMNH - —Q
| ——< ; " MAU Yin(K)
QUAN SAT TRANG e
THAI <

Hinh 4.7. So do cau triic b PKDB phan hoi trang thdi dé tin hiéu ra bam

theo tin hiéu dau ra mau cho hé TRMS
4.3.2. M6 phéng trén MatLab va so sanh, danh gia chit luong
M6 phéng trén matlab

Str dung thuat todn 3.1 dua ra trong muc 3.2.2, cai dat thuat todn cho dbi

tuong TRMS theo so dd ciu triic trong hinh 4.7 véi cic thong sb Q.. R, va

chu Ki trich mau 7 nhu sau:

10 0 0 0 0
0 1 0 0 0 0
10 0 0 0 1000000 0 O 0
T=01, Rk: ’Qk_
0 10 0 0 0 1 0 0
0 0 0 0 1 0
0 0 0 0 0 1000000

Téac gia thu duogc cdc két qua mod phong dua ra trong céc hinh tir 4.8 dén

4.11
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(pel) re| oep 209

Thoi gian (s)

\

dau ra goc dao ldi khi t

éu dat la xung vuong

in hi

ung

dap

Hinh 4.8. D

180 200

160

120

60 80 100
Thoi gian (s)

40

20

(peJ) oop oeyod 205

hY

A

a xung vuong

ddu ra goc chao doc khi tin hiéu dat 1

P

dap ung

Hinh 4.9. D

(peJ) re| 0ep 209

Thoi gian (s)

\

ddau ra goc dao ldi khi tin hiéu dat la substep

s,

dap ng

Hinh 4.10. D
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o
[$)]
T
|

Goc chao doc (rad)

o

-0.5

Thoi gian (s)
Hinh 4.11. Pdp vmg dau ra géc chao doc khi tin hiéu dat la substep
Nhin xét, danh gia cic két qua mo phéng:

Véi cdc két qua md phong dua ra trong hinh 4.8 va 4.9 1an luot 1a ddp
ung cua géc dao lai va dap uing cua géc chao doc khi tin hi€u dat 1a xung
vudng ta thay sau khoang 8 gidy ddp ng dau ra cia ca 2 géc bam on dinh
theo tin hiu dit cho trudc. O day khi thay d6i gid tri tin hiéu dat cta ca géc
d4o 14i va géc chao doc thi ddp (mg dau ra bi bién doi, ching té6 hé TRMS c6
tdc dong xen kénh giita hai kénh doc va ngang (diéu nay hoan toan phit hop
v6i thuc té 1a khi tdc d6 cua canh quat chinh thay ddi dot ngdt thi tbe d6 cua
canh quat dudi ciing bi thay d6i theo va nguoc lai). Trong truong hop ca hai
cdnh quat cing thay d6i téc d6 thi mic do anh huéng 1an nhau cang 16n thé
hién rat 1 trén hinh v& & céc thoi diém mo phong tai gidy thir 0, gidy tha 50,
giay thtr 100 va gidy thu 150.

Tuong ty nhu vdy trong hinh 4.10 va 4.11 ciing cho ta thy khi tin hiéu
dit 12 substep thi dau ra ciing ludn bam theo tin hiéu dit dau vao. Tai gidy mo
phong thar 10, gidy thur 120 va gidy thir 150 khi tin hi¢u dat cua ca géc dao lai
va géc chao doc thay dbi tir 0 rad 1én 0.6 rad va tir 0.6 rad xudng -0.2 rad thi
d4p tng du ra anh huong xen kénh 14n nhau rat rd rét, con tai cdc thoi gian
md phong & gidy thir 40 hodc 80 khi thay d6i tin hiéu dat ¢ ca 2 géc nho (tir
0.6 rad xubng 0.2 rad hoic tir 0.2 rad xudng 0 rad) thi tic dong xen kénh ciing

nho.Tir céc két qua md phong trén day dd chirng minh tinh ding dén ma luan
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4n da dé xuat ¢ thuat toan 3.1 trong muc 3.2.2 khi 4p dung phuong phap bién
phan dé diéu khién bam 6n dinh cho hé phi tuyén lién tuc (cu thé & day 1a dbi
tuong TRMS).

Tinh 6n dinh cta hé théng duoc xét theo tiéu chuén tich phan binh
phuong sai 1éch, gid tri d6 trong khoang tir 0.08 dén 0.561 tuy theo gid tri tin
hi¢u dat.

So sdnh va ddnh gid chat lwong

Uu, nhuge diém cta cdc phuong phép téi uu ding quy hoach phi tuyén

Uu diém: thoa man céc diéu kién rang budc (ké ca rang budc trang thai
va rang budc dau vao, rang budc dau ra) tron ven.

Nhuge diém: Thoi gian tinh todn lau, khé dua vao cai dat, tng dung
trong thuc té.

Pé khic phuc nhitng han ché cua cdc phuong phdp tbi vu quy hoach phi

tuyén ludn 4n dé xuat st dung phwong phép bién phan.

Uu, nhuoc diém cta phuong phép bién phan

Uu diém: Thoi gian tinh todn nhanh, d& dang cai dat, tng dung vao thuc
té, dung dugc vai ctira s6 du bdo vo han, tinh 6n dinh gﬁn nhu duoc dam bao
chéc chan.

Nhuoe diém: Chua xir Iy duoc truc tiép céc diéu kién rang budc phire tap.

Dé khic phuc han ché cua phuong phdp bién phan luin 4n dé xuét quy
luat thay ddi cdc ma tran trong s6 Q,, R, trong ham muc tiéu thi cic DKRB
duoc thao man.

Bang 4.1 danh gi4 thoi gian tinh todn khi sir dung cdc phuong phap tbi
uu khéc nhau trong quy hoach phi tuyén va phuong phép bién phén.
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Bang 4.1. So sdnh thoi gian tinh todn ciia bé diéu khién du bdo dé xudt trong
lugn dn so voi nhitng bo diéu khién du bdo khdc dwoc xdy dung trén nén quy

hoach phi tuyén.

Thot gian | Thoi gian chay
STT Phuong phap (Thuat toédn)
mo phong | thuc cua mdy tinh

1 SQP (dé giai bai todn t6i uu) 200 gidy 10 phit

Bién phan (giai bai todn t6i vu va diéu
2 q o 200 gidy 6 phiit
khién bam 6n dinh)

Ngoai ra, sit dung thuat todn diéu khién du bdo ma luan 4n dé xuét (thuit
toan 3.1), khi so sanh v&i nhitng bd diéu khién du bao thuc hién trén nén quy
hoach phi tuyén da trinh bay ¢ muc 4.2.1, thi bén canh vu diém 12 bd diéu khién
du bdo dé xuit cia luan dn da st dung truc tiép md hinh lién tuc cta d6i tuong,
do d6 s& mang tinh sit véi thyuc té tmg dung cao hon, né con mang lai thoi gian
thyuc hién ciing nhanh hon. Bang 4.1 trén thong ké thoi gian tinh todn cta bd diéu
khién dy bdo ma luan 4n dé xuét, so véi nhitng bd didu khién dy bdo khic duoc

x4y dung trén nén quy hoach phi tuyén, da x4c nhan két luan nay.
4.4. Thi nghiém trén mo6 hinh véat ly ciia hé TRMS

Trong phan nay s& dé cap viéc xdy dung bo loc Kalman mé rong dé
udc luong cdc thong sb trang thdi cua hé thong TRMS va sir dung bd udc
luong nay dé tién hanh thir nghiém trén hé théng thuc nham kiém tra thuat
todn diéu khién dé xuét & chuong 2 va chuong 3.

Hau hét cdc phuong phéap diéu khién hién dai trong d6 c¢6 diéu khién dy
bdo déu can phai do dugc hodc quan sat dugc cac vecto trang thai cia md

hinh d6i twong. Tuy nhién, ddi véi hé thdng thuc thuong khong do dugc day
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du céc bién trang thai. Khi d6, ta phai sir dung bd quan sit trang thai dé wdc
lugng vecto trang thdi cia md hinh d6i twong. Mot trong nhitng giai phdp hitu
hiéu dé w6c luong trang thai cia hé thng 12 sir dung bo loc Kalman (cho hé
théng tuyén tinh) va loc Kalman m¢ rong (EKF) cho hé théng phi tuyén.
Trong hé théng TRMS c6 6 bién trang thii (w, S, @, ®, S, a,).
Trong d6 ta chi do dugc 2 bién 1a géc dao 14i (e, ) va gbc chao doc (e,) con
céc bién trang thai khiac khong do dugc. Vi vay, dé thu dugc céc bién trang
thai & mdi 1an ldp cua thuat toan diéu khién can phai sir dung mot bd quan st
trang thai.
4.4.1. Cai dat by quan sat Kalman

Udc luong cdc thong sd trang thai mot ddi twong 1a dya vao cdc thong sd
do duoc & dau vao va dau ra cia ching & mdi thoi diém ma suy dién (udc
lugng) cac thong ) trang thai khic (khong do dugc) cua chuing.

Gia st mot hé phi tuyén c6 mé hinh khong gian trang théi:

z(k+1) = f(x(k),uk)) +w(k)

4.9)
y(k) = h(z(k)) +v(k)

Luu dd thuit todn loc Kalman mé rong dé udc lugng trang théi dbi

twong (4.9) dugc biéu dién ¢ Hinh 4.12.
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Trang thai khoi dong, 2(=1/-1) va
hiép phuong sai P(—1)vadatk:=0

|

bat dau vao hién thoi va cac vecto dau ra

v

ctia d6i twong w(k) va y(k)
Du bao
Du béo trang thai va hiép phuong sai sai Iéch
2(klk —1) = f(&(k -1k —1), u(k))

_of
Ak)= oz

M(k) = AG)P(k = DA (k) +Q(k)
|

Hi¢u chinh
oh
Ck)=—
(k) 5

X

£(k=1lk-1),u(k)

E(kk—1))

F—ht] e Tinh h¢ s6 Kalman

! -1
L(k)= M(k)CT(k)[C(k)M(k)CT (k) + R(k)]
Cap nhat udc lugng trang thai
#(k[k) = 2(k[k = 1)+ L(k)| y(k) —h(£Kk 1) |

Cap nhat hi¢p phuong sai sai 1éch

P(k)=(I = L(k)C (k)M (k)

Pua trang thi 2(k|k) t6i bo diéu khién

Hinh 4.12. Luru d6 cia phirong phdp quan sdt Kalman mé réng
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trong d6 w(k)va v(k) la nhiéu tréng vOi cdc ma tran hi¢p phuong sai Q(k) va
R(k). Phuong trinh khong gian trang thai phi tuyén c6 thé duoc xap xi boi

phuong trinh khong gian trang thai phu thudc trang thai dudi day:

z(k+1) = A(z(k))x(k) + B(z(k)u(k) + w(k)

(4.10)
y(k) =C(x(k)z(k) +v(k)

Su udc lugng cac bién trang thai t6i wu c6 thé dat duge khi s dung céc

phuong trinh 1ap dudi day.
Giai doan dy bao
2(k|k—1) = f(&(k =1k = 1), u(k)) 4.11)
M (k)= A@E(k|k —1D)P(k —DA" (£(k|k —1) + Q(k) 4.12)
trong do, i’(k|k —1)1a trang thai du bdo va M (k) 1a hi¢p phuong sai cua sai $6
du bao.
Giai doan hiéu chinh hoac cap nhat

L(k) = M(k)C" (£(k[k - 1) C(@E|k - D) ME)C" (2(k|k—1) + R(k)T (4.13)
2(k|k) = 2(k[k —1) + L&) y(k) — h(2(k|k—1) | (4.14)
P(k)=(I-L(k)C(@(k[k—1)) M (k) (4.15)

trong d6, L(k)1a khuéch dai Kalman, ﬁ(k|l<:) la wéc luong trang théi cap nhat,
va P(k)1a hiép phuong sai cta sai s cdp nhat. Ma ngudn cia cédc bd loc ¢6
thé xem trong phu lyc ctia luan 4n.

Kiém tra by quan sat (wéc lwgng) trang thai

Trong muc ndy, tic gia st dung phwong phdp mo phong trén phan mém
Matlab-Simulink dé kiém tra do chinh x4c cta thudt todn udc lugng trang thai

dd trinh bay & muc 4.4.1. So d6 md phong kiém tra bd quan sdt trang thai
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duoc chi ra trong Hinh 4.13. Trong d6 khdi mo hinh TRMS dugc xiy dung tir

biéu thirc (4.1), cdc ddu vao va 2 dau ra ciia md hinh (géc tam va géc hudng)

duoc dua vao khdi quan sét trang thdi, cdc dau ra ctiia khdi quan sdt trang thai

chinh 13 cic trang thdi can wdc lugng ctia TRMS. Céc trang thdi udc lugng

duoc so sanh véi cac trang thai cia mo hinh. Céac két qua md phdéng duogc chi

ra trén cdc hinh tir Hinh 4.14 dén Hinh 4.19. Trong dé:

Hinh 4.14. Pdp tng dau ra b quan sét trang théi so voi ddp ing dau ra ciia

md hinh cia bién trang thai thi nhét (Q, )

Hinh 4. 15. Pdp tng dau ra bd quan sit trang thdi so v6i dap Gmg dau ra cia

mb hinh ciia bién trang thai thi hai (S L)

Hinh 4.16. Pdp tng dau ra bd quan sat trang théi so voi ddp ing dau ra cia

mb hinh ctia bién trang théi thir ba (&)

Hinh 4.17. Pdp tng dau ra b quan sét trang théi so voi ddp ing dau ra ciia

mb hinh ciia bién trang thai th tw (Q,)

Hinh 4.18. Pdp tng dau ra b quan sét trang théi so voi ddp ing dau ra cia

mo hinh cta bién trang thdi thir nam (S)

Hinh 4.19. Pdp tng dau ra b quan sét trang théi so voi ddp ing dau ra ciia

md hinh cia bién trang thai thi sdu (a,)
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Hinh 4.13. So d6 mé phéng ki

DAT1
DAT2

Thoi gian (s)

(pes) yebawQ - yeyu nyj 1ey bues cm_m

au ra

d

ap ung

 d

Hinh 4.14. Ddp vmg ddu ra bo quan sdt trang thdi so voi
ciia mo hinh ctia bién trang thdi thir nhdt (Q,)
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(pes) ys - tey nyy 1ey Buely usig

au ra
au ra

d
d

ap ung
ap ung

-
-

d
 d

dau ra by quan sdt trang thdi so voi

thit hai (S,

Thoi gian (s)

Thoi gian (s)
én trang thdi thir ba (¢, )

én trang thdi
cua mo hinh cua bi

cua mo hinh cua bi

- g Ny} ley) Buesy uaig

Hinh 4.15. Ddp vmg ddu ra bo quan sdt trang thdi so voi

Hinh 4.16. Ddp ung
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200
100

Thoi gian (s)

N
A

dp ung dau ra

-

(i d

Hinh 4.17. Bdp vmg ddu ra bo quan sdt trang thdi so voi

cua mo hinh cua bién

trang thdi thir tu (Q)

- Weu ny) rey) Buely usig

Thoi gian (s)

N
A

ddau ra bo quan sdt trang thdi so voi

dp ung dau ra

-

d

Hinh 4.18. Ddp ung

ctia md hinh ciia bién trang thdi thir nim (S,)
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Bien trang thai thu 6 - Alphav (rad)

g
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Thoi gian (s)

Hinh 4.19. Ddp vmg ddu ra bo quan sdt trang thdi so véi ddp vmg dau ra
ctia md hinh ciia bién trang thdi thir sdu ()
Nhin xét:
Tir cic két qua md phong & trén ta thiy rang cic bién trang théi ctia b wbe
luong trang thai gan tring khit v6i cic trang thai ciia md hinh hé thong TRMS (sai
sO 16n nhét chi ¢& 0,05% & cdc bude ban dau). Do d6 ta c6 thé sir dung bd quan

sdt nay tién hanh thyc nghiém diéu khién dy béo cho hé théng TRMS.
4.4.2. Cac két qua thue nghiém

Dé kiém tra bang thuc nghiém thuit todn diéu khién du béo tdi wu héa
trén nén qui hoach phi tuyén va thuit todn diéu khién dy bdo bam 6n dinh
theo tin hiéu miu ¢ dau ra, tdc gia di tién hanh thi nghiém cho hé thong
TRMS tai phong thi nghiém Dién - Di¢n tir truong Pai hoc K¥ thuat Cong
nghiép - PHTN (Hinh 4.20). Viéc ghép ndi hé théng voi mdy tinh thong qua
CARD ghép ndi DSP1103, st dung cdéng cu Real-time Workshop cia
Matlab/Simulink. Tin hiéu dau ra 1a gbc dao 14i va géc chao doc dugc do bdi
Encorder, cdc trang thai khdc thu duoc thong qua bd quan sdt trang thdi dé

cap 6 muc 4.4.1
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Hinh 4.20. Hinh anh thi nghiém diéu khién hé thong TRMS

Gi6i thiéu CARD diéu khién dSPACE1103

B6 DSP — DS1103 1a san pham xir Iy tin hiéu s6 do hing dSPACE
(Ptrc) san Xuat, duogc tich hop thao tic trén phﬁn cung (card DS1103), phﬁn
mém (ControlDesk va Simulink) tao thanh mot bo diéu khién, tinh todn toc do
cao trong mo phong thoi gian thuc va thao tic truc tiép hé théng. Trong thuc

té, DSP1103 duoc tmg dung trong céc linh vuc:
+ Diéu khién robot.
+ Piéu khién dong co truyén dong

+ Diéu khién cac cau tric mém
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Cdc hé théng diéu khién thuong duoc thiét ké va md phong trén phan
mém Matlab/Simulink truéc khi duge cai dit vao cdc b vi xur 1y, vi didu
khién hodc cdc bd diéu khién cong nghiép. Qué trinh md phong s& cho biét
quy luat ddp Gmg dau ra hodc quy luét cta sai sd khi thay doi dau vao va céc
tham s bo diéu khién. Tuy nhién, d6i voi nhiéu hé thdng phurc tap thi viéc 1ap
trinh cai dit cdc thuat todn diéu khién khong hé don gian va tén nhiéu thoi
gian. Vi thé, ndm 1991 cong ty dSPACE ¢ Purc (sau d6 mo rong sang My) da
bat dau nghién ctru mot bo diéu khién cho phép ngudi st dung ¢ thé dich va
cai dat truc tiép cdc thuit todn tir Matlab/Simulink xubng bo diéu khién chi
thong qua mot thao tac kich chudt, bo diéu khién nay c6 tén 1a dSPACE, véi 2
phién ban dSPACE1103 va dSPACE1104. Cic bd diéu khién dSPACE thuc
chét 12 su tich hop cta céc chip diéu khién téc do cao DSP, phan mém va cic
giao dién vao ra don gian, gidp cho né c6 thé dich va chay chuong trinh truc
tiép tir Matlab/Simulink. Bo diéu khién dSPACE1103 12 phién ban méi nhat
ciia dSPACE, c6 bo vi xir 1y 1én dén 1 GB va tan sb Bus 1a 133 MHz. N6 ¢6
thé cung cip mot luong 16n céc giao dién vao ra, gitip cho viée diéu khién céc
hé théng phic tap duoc thuc hién mot cich don gian. B diéu khién

dSPACE1103 dugc dua ra trong hinh 4.21
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Hinh 4.21. BJ diéu khién dSPACE1103

Céc tai nguyén cta bo diéu khién dSPACE1103 duoc liét ké nhu sau:

+ C6 20 dau vao tuong ty ADC véi chan cdm tryc tiép trén vo hop diéu
khién va c6 thé mé rong thém 16 ADC khédc. Nhitng ADC nay c6 thé doc gid

tri do tir cam bién trong hé théng diéu khién.

+ C6 8 dau ra twong tu DAC véi chan cam truc tiép trén vo hop diéu
khién. Pau ra cia nhitng DAC nay 12 dién 4p dua toi bd khuéch dai cong sut
(Driver) dé diéu khién dong co.

+ C6 7 encoder cim truc tiép trén vo hop diéu khién dé do vi trf cua
truc dong co.

+ S6 luong dau ra s6 (Digital I/O) ¢ dinh 1 32 va ¢6 thé mé rong thém
18 Digital I/O khéc (nhiing 1/0 nay bi chia sé tai nguyén vdi cdc giao dién
khéc, nghia 12 n6 c6 thé st dung 1am I/0, ADC, PWM hoic ngit).

+ C6 4 PWM mot pha va 1 PWM ba pha, nhitng PWM ciing c6 thé sir
dung d¢ diéu khién dong co. Nhu vay véi 8 DAC va 4 PWM, dSPACE1103

c6 thé diéu khién toi 12 dong co.
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+ Vi 4 ngat ngoai (External intertupt) c6 thé dugc sir dung dé tao thém

4 encoder.

+ V6i 3 bo dinh thoi gian (Timer) c¢6 thé két hop véi cic I/O dé tao

thém nhicu giao di¢n encoder khéc.

+ Véi 2 cong RS232 va 2 cong RS422, dSPACE1103 ¢6 thé giao tiép
v6i mdy tinh va cdc bo diéu khién khac mot cch dé dang.

Di kém vé6i bo diéu khién dSPADE 1a mot phan mém diéu khién va
gidm sat ControlDesk. Phan mém nay chay trén mdy tinh ban hoic mdy tinh
xéch tay dé giao tiép v6i bo dicu khién dSPACE thong qua card PCI. Day 1a
phan mém rat don gian vi ngudi sir dung chi viéc diing chudt gip cdc khéi can
thiét dé hién thi va thay d6i cdc bién trong thuét todn diéu khién. Phin mém
ControlDesk khi ding vé6i phién ban dSPACE1103 thi cic bién cua chuong
trinh diéu khién duge luu vao mét file trong cung thu muc lam vi¢c sau khi
dich chwong trinh tir Matlab/Simulink xuéng dSPACE. File nay c6 thé duoc
mo bang phan mém ControlDesk dé giao tiép véi bo diéu khién dSPACE.

Phan mém ControlDesk dugc dua ra trong hinh 4.22.

Hinh 4.22. Phan mém gidm sdt va diéu khién ControlDesk
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Phan mém ControlDesk cung cap cdc khéi dd hoa dé hién thi va thay
do6i gid tri ctia bién diéu khién duéi dSPACE. Cic khdi dd hoa nay c6 thé 1a
ddng hod hién thi, thanh truot, dd thi, ..., dugc gin voi cdc bién diéu khién
thong qua mot hanh dong gip va tha chudt. N6i chung, phdn mém
ControlDesk da lam don gian h6éa moi thao tidc ctia ngudi sir dung, gidp cho
viéc tiép can va lam viéc véi né duge dé dang.

Nhu vay, v6i bd diéu khién dSPACE va phan mém ControlDesk, nguoi
str dung khong can viét code, ma chu yéu st dung chudt dé thiét ké, diéu

khién va gidm sat hoat dong ctia hé théng.
Cic két qua thyc nghiém duoc biéu dién trén cdc hinh tir Hinh 4.23 dén

Hinh 4.26. Trong do:

= Hinh 4.23 1a ddp tng dau ra cia géc chao doc tmg voi luong dit khic nhau
khi sir dung bd diéu khién du béo tbi wu héa trén nén qui hoach phi tuyén;

= Hinh 4.24 1a d4p ung dau ra cua géc dao 14i tng v6i luong dit khéc nhau
khi sir dung bd diéu khién du béo tbi wu héa trén nén qui hoach phi tuyén;

= Hinh 4.25 1a ddp ng dau ra cia géc chao doc tmg voi lwong dit khdc nhau
khi sir dung bo diéu khién dy bdo bam 6n dinh theo tin hiéu mau & dau ra;

= Hinh 4.26 13 d4p tng dau ra cia géc dao 14i tng véi luong dit khac nhau

khi sir dung bo diéu khién du bdo bam 6n dinh theo tin hiéu mau ¢ dau ra.
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Hinh 4.23. Ddp vmg dau ra cia géc chao doc khi sir dung bé diéu khién dir

bdo t6i wu héa trén nén qui hoach phi tuyén
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Hinh 4.24. Bdp vmg dau ra cia géc ddo ldi khi sir dung bé diéu khién dir bdo

161 wu héa trén nén qui hoach phi tuyén
Nhan xét, danh gia cac két qua thuwe nghiém khi sir dung thuit toan SQP:

Két qua thuc nghiém dua ra trong hinh 4.23 va 4.24 cho thay tuy s lan
dao dong nhiéu hon khi md phong, va d6 qud diéu chinh cua géc dao ldi &
gidy thir 39 hoi 16n khi thay ddi bién d6 tin hiéu dit 16n (tir 2.5 rad xudng 0
rad) nhung ddp Gmg dau ra cua géc chao doc va géc dao 14i van bam theo tin
hiéu dat.

Tinh 6n dinh cta hé théng dugc xét theo tiéu chuin tich phan binh

phuong sai 1éch, gid tri d6 khoang tur 0.83.
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Hinh 4.25. Ddp vmg dau ra cia géc chao doc khi sir dung bé diéu khién dir

bdo bdm on dinh theo tin hiéu mau o dau ra
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Hinh 4.26. Ddp vmg dau ra cua géc ddo ldi khi sir dung bé diéu khién di bdo

bdm on dinh theo tin hiéu mau o dau ra

Nhan xét, danh gia cac két qua thwe nghiém khi sitr dung phwong phép
bién phén:

Cic két qua thu duge thuc nghiém khi sir dung phuong phép bién phan
duoc dua ra trong hinh 4.25 va hinh 4.26 cho thay cdc dic tuyén dong cua hé
thdng bam sét céc tin hiéu dat. Tinh 6n dinh cia hé théng dugc xét theo tidu
chuan tich phan binh phuong sai 1éch, gid tri d6 khoang tir 0.86.

Vay, két qua thuc nghiém ciing di khang dinh tinh ding dan cua 2 thuat
todn ma ludn 4n d& xudt va tinh kha thi caa ching khi 4p dung diéu khién cic

hé thong thuc.
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4.5. Két luan chwong 4
Chuong 4 cua luan 4n da dé cap toi nhitng van dé co ban sau:

Mot 1a, sit dung mo hinh todn (4.1) va dp dung thuat toan 2.1 dé cai dat
bd diéu khién du bdo cho hé TRMS voéi ctra s6 du bdo hitu han théng qua
phuong phap SQP dé giai bai todn t6i wu trong chién lwgc tdi wu héa cua didu

khién du béo.

Hai la, st dung mo hinh toan (4.1) va dung thuat toan 3.1 dé cai dat bd
diéu khién du bdo cho hé TRMS véi cira s6 du bdo vo han qua viéc sir dung
phuong phép bién phan dé giai bai toan t6i wu trong chién lugc tdi uu héa cia

diéu khién du bdo.

Ba 13, dd xdy dung thuat todn udc luong trang thdi cho hé thong TRMS
va str dung ching dé kiém chimg thuat todn diéu khién du béo trén nén qui
hoach phi tuyén va thuét toan diéu khién du bdo bam on dinh theo tin hiéu
mau & dau ra trén hé théng thuc tai phong thi nghi€ém dién, dién tur - truong

bai hoc KTCN - Dai hoc Thai Nguyén.

Cic két qua md phong va thuc nghiém duoc dua ra da ching minh tinh
ung dung va chinh xdc ctia cdc thuat todn ma luan an da dé xuét. D@)ng thoi
cling khang dinh kha ning Gng dung cic céc thuit todn nay trong chién luoc
t6i wu héa ciia b diéu khién dy bdo hé phi tuyén néi chung va hé thong

TRMS noi riéng.
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KET LUAN
Véi muc tiéu nghién ctiru dé xudt thudt todn moi giai bai todn tbi wu trong
hé thong diéu khién dy bdo phi tuyén MIMO va dua ra cdc thuit toan diéu
khién cho mdt 16p cdc ddi twong phi tuyén (hé song tuyén), két qua nghién

cuu cua luan an da c6 mot so két qua méi sau:

1. B6 sung hoan thién thuat toan thiét ké bo diéu khién du bdo sir dung
phuong phép quy hoach phi tuyén dé giai bai toan tdi uu trong chién luoc tdi uu
héa cua didu khién dy bdo, md rong kha ning tng dung diéu khién dyu bdo vao
diéu khién cdc ddi twong cong nghiép. Két qua nghién ctru duoc kiém chimg
bang 1ap trinh md phong trén may tinh va thuc nghiém trén mo hinh vat 1y cua
hé théng TRMS cu thé.

2. Xay dyng phuong phép ludn dé thiét ké bo diéu khién du bdo cho hé phi
tuyén va dé xuat mot giai phdp méi trong chién luoc t6i wu héa cua diéu khién
du bdo hé phi tuyén, cy thé 1a: Piéu khién dy bdo phi tuyén trén nén phuong
phdp bién phan, luin 4n da phat biéu va chimg minh dinh Iy vé tinh bam 6n dinh
theo tin hiéu ra mau cho hé phi tuyén lién tuc khi cira sé du bdo tién dén vo
cing. Két qua nghién ctru nay da khic phuc dugc cdc nhuoc diém cia cic
phwong phdp giai bai todn ti wu trén nén quy hoach phi tuyén va rit ngin dugc
thoi gian tinh toan, ning cao chat lugng diéu khién, mé rong kha nang tmg dung

va cai dat bg dicu khién du bdo vao diéu khién cdc doi tugng thuec.

3. Cai dat thuat todn moéi ma luén an dua ra thong qua mé phong trén may
tinh va thyc hién diéu khién trén mo hinh vét 1y tai phong thi nghiém Dién -
Dién tir truong Dai hoc Ky thuat Cong nghi¢p - Dai hoc Thai Nguyén, thong qua

d6 da kiém ching va khang dinh tinh kha thi ctia thudt todn dé xut.

Dé nang cao chat luong bo diéu khién, mé rong kha ning Gmg dung cta
diéu khién dy bdo vao diéu khién cdc ddi twong thuc, tic gia sé tiép tuc
nghién ctru hoan thién thém cdc thuit todn da dé xudt va trién khai ung dung
diéu khién cdc hé thong trong thyuc té. Dong thoi nghién ctru dé xuét thém céc

thuat todn ma&i c6 thoi gian tinh todn nhanh hon.
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PHU LUC

1. Code chwong trinh cai dit b diéu khién MPC st dung thuét todn SQP.
TRMS_Controller

function [sys,x0,str,ts,simStateCompliance] = TRMS_Controller(t,x,u,flag)
global Up0;
global dUO;
switch flag,
case 0,
[sys,x0,str,ts,simStateCompliance] = mdlInitializeSizes;
case 2,
sys=[l;
case 3,
sys = mdlOutputs(t,x,u);
case 9,
sys = [I;
otherwise
DAStudio.error('Simulink:blocks:unhandledFlag', num2str(flag));
end
function [sys,x0,str,ts,simStateCompliance]=mdlInitializeSizes
global Up0;
global dUO;
Up0=[0;01;
dUO=zeros(30,1);
sizes = simsizes;
sizes.NumContStates = 0;
sizes.NumDiscStates = 0;
sizes.NumQOutputs = 2;
sizes.Numlnputs = 8§;

sizes.DirFeedthrough = 1;
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sizes.NumSampleTimes = 1;

Sys = simsizes(sizes);

x0 =1
str = [];
ts =[0.20];

% Sample period of 0.1 seconds (10Hz)

simStateCompliance = 'DefaultSimState';

function sys = mdlOutputs(t,x,u)

global Up0;
global dUO;
1t=2.82e-1;
Im=2.46e-1;
Jv=5.26e-2;
D=5.52877e-2;
E=5.85764e-3;
F=5.85077¢-3;
g=9.81;
A=9.82347e-2;
B=1.135659¢-1;
C=2.21788e-2;
H=4.94734e-2;
Jtr=3.1432e-5;
Rah=8;
kthp=>5e-8;
kthn=4.41e-8;
Btr=2.3e-5;
Jmr=2.0098e-4;
Rav=8;
ktvp=5.6e-7;

% Chieu dai cua phan canh tay don duoi
% Chieu dai cua phan canh tay don chinh

% Mo men quan tinh cua truc ngang

% Gia toc trong truong

% Mo men quan tinh cua dong co duoi/tai

% Th=kthp*sign(wh)*(wh)"2
% Th=kthn*sign(wh)*(wh)"2
% He so ma sat nhot cua rotor duoi

% Mo men quan tinh cua dong co chinh/tai

9% Th=ktvp*sign(wv)*(wv)"2



ktvn=5.1e-7;
Bmr=2.97e-5;
av0=-6.048e-1;

kthp=2.1377e-6;
kthn=1.9056¢-6;
kfvp=1.9506e-5;
kfvn=1.1012e-5;

kvth=4.91e-3;
kvfv=5.47e-3;
kcth=3.96e-5;
kcfv=1.5e-4;
kchp=5.60e-3;
kchn=5.60e-3;
km=0.00023;
kt=0.000026;
TC=0.0202;
k1=8.5;
k2=6.5;
kg=0.2;
Ts=0.2;
Np=20;
Nc=15;

nx=06;

nu=2;

ny=2;

Q=[0.09 0;0 1.5];
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% Th=ktvn*sign(wv)*(wv)"2

% He so ma sat nhot cua rotor chinh
% Goc chao doc ban dau

% Fh(wh)=kthp*sign(wh)*(wh)"2

% Fh(wh)=kthn*sign(wh)*(wh)"2

% Fv(wv)=kfvp*sign(wv)*(wv)"2

% Fv(wv)=kfvn*sign(wv)*(wv)"2

% Ma sat nhot theo phuong ngang

% Ma sat nhot theo phuong thang dung

% He so ma sat (cable force coefficient)

9% He so ma sat (cable force coefficient)

% Anh huong cua rotor chinh len goc theo phuong ngang
% Anh huong cua rotor duoi len goc theo phuong thang dung
% He so mo men xoan (mo men xoan khong doi)

% He so giao dien theo phuong thang dung (doc)

% He so giao dien ngang

9%He so trong so sai so

R=[0.0125 0;0 0.0125]; %He so trong so no luc dieu khien (control effort)
Cu=[-2.52.5;-2.5 2.5]; %Rang buoc dau vao doi tuong

Cdu=[-2 2;-2 2];

J%Rang buoc dau vao thay doi
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Cy=[-1.51.5;-1.51.5]; %Rang buoc dau ra doi tuong
al=[0 0;0 0]; % Cac he so quy dao tham chieu (dat)
Up=Up0;
Xp=u(1:6);
ref=u(7:8);
d=zeros(2,1);
dx=zeros(6,1);
tsim=100;
%Cac tham so mo hinh khong gian trang thai tuyen tinh roi rac
AA=zeros(nx*Np,nx);
BB=zeros(nx*Np,nu);
CC=zeros(ny*Np,nx);
Upf=Up;
Xpf=Xp;
Xint1(:,1)=Xp;
Xint2(:,1)=Xp;
for i=1:Np
[Ad,Bd,Cd,Dd]=TRMSIin(Xp,Up);
AA(nx*(1-1)+1:nx*1,:)=Ad;
BB(nx*(i-1)+1:nx*1,:)=Bd;
CC(ny*(i-1)+1:ny*i1,:)=Cd;
Xint1(:,i+1)=Ad(:,:)*...
Xint1(:,1)+Bd(:,:)*Up;
Uhp=Up(1);
Uvp=Up(2);
9 Cap nhat bien trang thai o moi gia doan
whp=Xp(1);
Shp=Xp(2);
ahp=Xp(3);
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wvp=Xp(4);

Svp=Xp(5);

avp=Xp(6);

if whp>=0
whn=whp+Ts*(TC*(k2*Uhp-TC*whp)/Rah-Btr*whp-kthp*whp”2)/Jtr;

else
whn=whp+Ts*(TC*(k2*Uhp-TC*whp)/Rah-Btr*whp+kthn*whp”2)/Jtr;

end

if wvp>=0
wvn=wvp+Ts*(TC*(k1*Uvp-TC*wvp)/Rav-Bmr*wvp-

ktvp*wvp”2)/Jmr;

else

wvn=wvp+Ts*(TC*(k1*Uvp-TC*wvp)/Rav-

Bmr*wvp+ktvn*wvp2)/Jmr;

end
if whp>=0
Shn=Shp+Ts*(t*kthp*whp”2*cos(avp+av0)-kvth*Shp-...
kchp*ahp)/(D*(cos(avp+av0))*2+E*(sin(avp+av0))*2+F)-...
Ts*kvth*km*wvp*cos(avp+av0)/(D*(cos(avp+av0))"2+E*...
(sin(avp+av0))"2+F)"2;
else
Shn=Shp+Ts*(-1t*kthn*whp”2*cos(avp+av0)-kvth*Shp-...
kchp*ahp)/(D*(cos(avp+av0))*2+E*(sin(avp+av0))*2+F)-...
Ts*kvth*km*wvp*cos(avp+av0)/(D*(cos(avp+av0)) " 2+E*...
(sin(avp+av0))"2+F)"2;
end
if wvp>=0
Svn=Svp+Ts*(Im*kfvp*wvp 2-kviv*Svp-kviv¥kt*whp/Jv+...
g*((A-B)*cos(avp+av0)-C*sin(avp+av0)))/Jv;

else
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Svn=Svp+Ts*(-Im*kfvn*wvp”2-kviv*Svp-kviv¥kt*whp/Jv+...
g*((A-B)*cos(avp+av0)-C*sin(avp+av0)))/Jv;
end
ahn=ahp+Ts*Shp+Ts*km*wvp*cos(avp+av0)/...
(D*(cos(avp+av0))*"2+E*(sin(avp+av0))*2+F);
ahint(i)=ahn;
avn=avp+Ts*Svp+Ts*kt*whp/Jv;

avint(i)=avn,;

Xp=[whn;Shn;ahn;wvn;Svn;avn];
Xint2(:,i+1)=Xp;

% Cap nhat cac dau vao o moi giai doan
if i<=Nc

Up=Up+dUO0((i-1)*nu+1:i*nu,1);

end

end

Cz=Cd(1:2,:);

dU1= MyMPC9(AA,BB,Cz,Dd,Np,Nc,Q,R,ref,Cu,...
Cdu,Cy,Xpf,Upf,d,al,dx,dUO,t);

Outl=Xintl;

Out2=Xint2;

sys=Up0;

90end mdIOutputs

HuongTRMS
function [sys,x0,str,ts,simStateCompliance|=HuongTRMS(t,x,u,flag)
switch flag

case 0

[sys,x0,str,ts,simStateCompliance] = mdlInitializeSizes();
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case 1
sys = mdlDerivatives(t,x,u);
case {2,9}
sys = [1;
case 3
sys = mdlOutputs(t,x,u);
otherwise
DAStudio.error('Simulink:blocks:unhandledFla9.81", num2str(flag));
end
function [sys,x0,str,ts,simStateCompliance] = mdlInitializeSizes()
sizes = simsizes;
sizes.NumContStates = 6;
sizes.NumDiscStates = 0;
sizes.NumQOutputs = 6;
sizes.Numlnputs =2;
sizes.DirFeedthrough = 0;
sizes.NumSampleTimes = 2;
sys = simsizes(sizes);
str = [[;
x0=zeros(6,1);
ts =[00;0.20]; % sample time: [period, offset]
simStateCompliance = 'DefaultSimState';

function sys = mdlDerivatives(t,x,u)

1t=2.82e-1; % Chieu dai cua phan canh tay don duoi
Im=2.46e-1; % Chieu dai cua phan canh tay don chinh
Jv=5.26e-2; % Mo men quan tinh cua truc ngang
D=5.52877e-2;

E=5.85764e-3;

F=5.85077¢-3;



g=9.81;
A=9.82347e-2;
B=1.135659¢-1;
C=2.21788e-2;
H=4.94734e-2;
Jtr=3.1432e-5;
Rah=8;
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% Gia toc trong truong

% Mo men quan tinh cua dong co duoi/tai

kthp=5e-8; % Th=kthp*sign(wh)*(wh)"2
kthn=4.41e-8; % Th=kthn*sign(wh)*(wh)"2

Btr=2.3e-5; % He so ma sat nhot cua rotor duoi
Jmr=2.0098e-4; % Mo men quan tinh cua dong co chinh/tai
Rav=8;

ktvp=5.6e-7; % Th=ktvp*sign(wv)*(wv)"2
ktvn=5.1e-7, % Th=ktvn*sign(wv)*(wv)"2
Bmr=2.97e-5; % He so ma sat nhot cua rotor chinh
av0=-6.048e-1; % Goc chao doc ban dau

kthp=2.1377e-6;
kthn=1.9056e-6;
kfvp=1.9506e-5;
kfvn=1.1012e-5;

% Fh(wh)=kfhp*sign(wh)*(wh)"2
% Fh(wh)=kfhn*sign(wh)*(wh)"2
% Fv(wv)=kfvp*sign(wv)*(wv)"2

% Fv(wv)=kfvn*sign(wv)*(wv)"2

kvfh=4.91e-3; % Ma sat nhot theo phuong ngang

kvfv=5.47e-3; % Ma sat nhot theo phuong thang dung

kcth=3.96e-5;

kcfv=1.5¢e-4;

kchp=5.60e-3; 9% He so ma sat (cable force coefficient)

kchn=5.60e-3; % He so ma sat (cable force coefficient)

km=0.00023; % Anh huong cua rotor chinh len goc theo phuong ngang
kt=0.000026; % Anh huong cua rotor duoi len goc theo phuong thang dung
TC=0.0202; % He so mo men xoan (mo men xoan khong doi)
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k1=8.5; % He so giao dien theo phuong thang dung (doc)
k2=6.5; % He so giao dien ngang
kg=0.2;
Ts=0.2;
Uh=u(1);
Uv=u(2);
wh=x(1);
Sh=x(2);
ah=x(3);
wv=x(4);
Sv=x(5);
av=x(6);
Jh=D*(cos(av+av0))"2+E*(sin(av+av0))"2+F;
% Tinh dah , dav
dah=Sh+km*wv*cos(av+av0)/Jh; % dah=Omegah
dav=Sv+kt*wh/Jv; % dav=Omegav
% Tinh dwh, dSh
if wh>=0
dwh=(TC*(k2*Uh-TC*wh)/Rah-Btr*wh-kthp*wh"2)/Jtr; % % % % % %

dSh=(It*kfhp*wh”2*cos(av+av0)-(kvth*dah+kcfh*sign(dah))-
kchp*ah)/Jh;

else
dwh=(TC*(k2*Uh-TC*wh)/Rah-Btr*wh+kthn*wh”2)/Jtr; % % % % Y% %

dSh=(-It*kfhn*wh"2*cos(av+av0)-(kvth*dah+kcth*sign(dah))-
kchp*ah)/Jh;

end

% Tinh dwv, dSv

if wv>=0
dwv=(TC*(k1*Uv-TC*wv)/Rav-Bmr*wv-ktvp*wv/2)/Jmr;% % % % % %
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dSv= (kfvp*wv/2*(Im+kg*dah*cos(av+av0))-
(kvfv*dav+kcfv*sign(dav))+...

g*((A-B)*cos(av+av0)-C*sin(av+av0))-
0.5*dah”"2*H*sin(2*(av+av0)))/Jv;

else
dwv=(TC*(k1*Uv-TC*wv)/Rav-Bmr*wv-+ktvn*wv2)/Jmr; % % % %o %o %

dSv= (-kfvn*wvA2*(Im+kg*dah*cos(av+av0))-
(kvfv*dav+kcfv*sign(dav))+...

g*((A-B)*cos(av+av0)-C*sin(av+av0))-
0.5*dah"2*H*sin(2*(av+av0)))/Jv;

end

TRMSIlin.m
function [As,Bs,Cs,Ds]=TRMSIin(Xp,Up)
whp=Xp(1);
Shp=Xp(2);
ahp=Xp(3);
wvp=Xp(4);
Svp=Xp(5);
avp=Xp(6);
Uhp=Up(1);
Uvp=Up(2);

1t=2.82e-1; % Chieu dai cua phan canh tay don duoi
Im=2.46e-1; % Chieu dai cua phan canh tay don chinh
Jv=5.26e-2; % Mo men quan tinh cua truc ngang
D=5.52877¢e-2;

E=5.85764e¢-3;

F=5.85077e-3;

g=9.81; % Gia toc trong truong

A=9.82347e-2;



B=1.135659¢-1;
C=2.21788e-2;
H=4.94734e-2;
Jtr=3.1432e-5;
Rah=8;
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% Mo men quan tinh cua dong co duoi/tai

kthp=5e-8; % Th=kthp*sign(wh)*(wh)"2
kthn=4.41e-8; % Th=kthn*sign(wh)*(wh)"2

Btr=2.3e-5; % He so ma sat nhot cua rotor duoi
Jmr=2.0098e-4; % Mo men quan tinh cua dong co chinh/tai
Rav=8;

ktvp=5.6e-7; % Th=ktvp*sign(wv)*(wv)"2
ktvn=5.1e-7,; % Th=ktvn*sign(wv)*(wv)"2
Bmr=2.97e-5; % He so ma sat nhot cua rotor chinh
av0=-6.048e-1; % Goc chao doc ban dau

kthp=2.1377e-6;
kthn=1.9056e-6;
kfvp=1.9506e-5;
kfvn=1.1012e-5;

% Fh(wh)=kfhp*sign(wh)*(wh)"2
% Fh(wh)=kthn*sign(wh)*(wh)"2
% Fv(wv)=kfvp*sign(wv)*(wv)"2

% Fv(wv)=kfvn*sign(wv)*(wv)"2

kvfh=4.91e-3; % Ma sat nhot theo phuong ngang

kvfv=5.47e-3; % Ma sat nhot theo phuong thang dung

kcth=3.96e-5;

kcfv=1.5e-4;

kchp=5.60e-3; % He so ma sat (cable force coefficient)

kchn=5.60e-3; % He so ma sat (cable force coefficient)

km=0.00023; % Anh huong cua rotor chinh len goc theo phuong ngang
kt=0.000026; % Anh huong cua rotor duoi len goc theo phuong thang dung
TC=0.0202; % He so mo men xoan (mo men xoan khong doi)
k1=8.5; % He so giao dien theo phuong thang dung (doc)
k2=6.5; % He so giao dien ngang
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kg=0.2;
Ts=0.2;

As=zeros(6,6);

Bs=zeros(6,2);

Cs=zeros(2,6);

Ds=zeros(2,2);

dx=zeros(6,1);

if whp>=0
As(1,1)=1-Ts*(Btr+kthp*whp+TC"2/Rah)/Jtr;
As(2,1)=Ts*1t*kthp*whp*cos(avp+av0)/DEN;

else
As(1,1)=1-Ts*(Btr-kthn*whp+TC"2/Rah)/Jtr;
As(2,1)=-Ts*1t*kthn*whp*cos(avp+av0)/DEN;

end

As(2,2)=1-Ts*kvth/DEN;

if ahp>=0
As(2,3)=-Ts*kchp/DEN;
else
As(2,3)=-Ts*kchn/DEN;
end
As(2,4)=-Ts*kvfh*km*cos(avp+av0)/DEN”2;
As(3,2)=Ts;
As(3,3)=1;
As(3,4)=Ts*km*cos(avp+av0)/DEN;
if wvp>=0
As(4,4)=1-Ts*(Bmr+ktvp*wvp+TCA2/Rav)/Jmr;
As(5,4)=Ts*Im*kfvp*wvp/lv;
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else
As(4,4)=1-Ts*(Btr-ktvn*wvp+TC"2/Rav)/Jmr;
As(5,4)=-Ts*Im*kfvn*wvp/Jv;

end

As(5,1)=-Ts*kviv*kt/(Jv 2);

As(5,5)=1-Ts*kviv/Iv;

if avp==0
As(5,6)=Ts*g*((A-B)*cos(avp+av0)-C*sin(avp+av0))/Jv;

else
As(5,6)=Ts*g*((A-B)*cos(avp+av0)-C*sin(avp+av0))/(Jv*avp);

end

As(6,1)=Ts*kt/Jv;

As(6,5)=Ts;

As(6,6)=1;

Bs(1,1)=Ts*TC*k2/(Jtr*Rah);

Bs(4,2)=Ts*TC*k1/(Jmr*Rav);

Cs(1,3)=1;

Cs(2,6)=1;

2. Code chuong trinh cai dit bo diéu khién du bdo trén nén phuong phdp bién
phan.

TRMS_1

function [sys,x0,str,ts,simStateCompliance] = TRMS_1(t,x,u,flag)

global out;

global K_Iqr;

global xeq;

global ueq;

switch flag,

case 0,

[sys,xO0,str,ts,simStateCompliance] = mdlInitializeSizes;
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case 2,
sys=[l;
case 3,
sys = mdlOutputs(t,u);
case 9,
sys = [I;
otherwise
DAStudio.error('Simulink:blocks:unhandledFlag', num2str(flag));
end
function [sys,x0,str,ts,simStateCompliance]=mdlInitializeSizes
global out;
global K_Iqr;
global xeq;
global ueq;
xeq=[0;0;0;0;0;01;
ueq=[0;01;
K Ilgr=[000000;000000];
out=[0;0];
sizes = simsizes;
sizes.NumContStates = 0;
sizes.NumDiscStates = 0;
sizes.NumQOutputs = 2;
sizes.Numlnputs = 8§;
sizes.DirFeedthrough = 1;
sizes.NumSampleTimes = 1;
sys = simsizes(sizes);
x0 =I;
str = [];
ts =[0 0];
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% speicfy that the simState for this s-function is same as the default
simStateCompliance = 'DefaultSimState';

function sys = mdlOutputs(t,u)

global out;

global K_Iqr;

global xeq;

global ueq;

ref=[00000010;0000000 1]*u;

x=[10000000;01000000;00100000,00010000,000010
00000001 00]*u;

[As Bs Cs Ds]=TRMS_tuyentinh(x,out);

% ref=[-1;-0.5];
lamtron=(fix(t/0.1))*0.1;

if ((t-lamtron)==0)&(t>0.1)
kchp=5.60e-3; 9% He so ma sat (cable force coefficient)
kchn=5.60e-3; 9% He so ma sat (cable force coefficient)
1t=2.82e-1; % Chieu dai cua phan canh tay don duoi
av(0=-6.048e-1; % Goc chao doc ban dau
kthp=2.1377e-6; % Fh(wh)=kthp*sign(wh)*(wh)"2
kthn=1.9056e-6; % Fh(wh)=kthn*sign(wh)*(wh)"2

kt=0.000026; % Anh huong cua rotor duoi len goc theo phuong thang dung
Jv=5.26e-2; % Mo men quan tinh cua truc ngang
21=9.81; % Gia toc trong truong

A1=9.82347e-2;

Bi=1.135659¢-1;

Ci=2.21788e-2;

Im=2.46e-1; % Chieu dai cua phan canh tay don chinh
kfvp=1.9506e-5; % Fv(wv)=kfvp*sign(wv)*(wv)"2

kfvn=1.1012e-5; % Fv(wv)=kfvn*sign(wv)*(wv)"2

km=0.00023; % Anh huong cua rotor chinh len goc theo phuong ngang
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Di=5.52877e-2;
Ei=5.85764e-3;
Fi=5.85077e-3;
% Tinh xeq, ueq

if ref(1)>=0

FhNp=kchp*ref(1)/(It*cos(ref(2)+av0));
whNp=sqrt(abs(FhNp/kfhp));

else

FhNp=kchn*ref(1)/(It*cos(ref(2)+av0));
whNp=-sqrt(abs(FhNp/kfthn));

end

SvNp=-kt*whNp/Jv;
FvNp=-gi*((Ai-Bi)*cos(ref(2)+av0)-Ci*sin(ref(2)+av0))/lm;

if FvNp>=0

wvNp=sqrt(abs(FvNp/kfvp));

else

wvNp=-sqrt(abs(FvNp/kfvn));

end

ShNp=-km*wvNp*cos(ref(2)+av0)/(Ei*(sin(ref(2)+av0))"2+...
Di*(cos(ref(2)+av0))*2+Fi);
xeq=[whNp;ShNp;ref(1);wvNp;SvNp;ref(2)];

% Tinh ueq

k1=8.5; % He so giao dien theo phuong thang dung (doc)
k2=6.5; % He so giao dien ngang

TC=0.0202; % He so mo men xoan (mo men xoan khong doi)
Rah=8;

Btr=2.3e-5; % He so ma sat nhot cua rotor duoi
Bmr=2.97e-5; % He so ma sat nhot cua rotor chinh

ktvp=5.6e-7;

9% Th=ktvp*sign(wv)*(wv)"2
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ktvn=5.1e-7, % Th=ktvn*sign(wv)*(wv)"2
kthp=5e-8; % Th=kthp*sign(wh)*(wh)"2
kthn=4.41e-8; % Th=kthn*sign(wh)*(wh)"2
Rav=8;

if whNp>=0

ueq(1,1)=(Btr+kthp*whNp+TC*2/Rah)*whNp*Rah/(k2*TC);
else
ueq(1,1)=(Btr-kthn*whNp+TC»2/Rah)*whNp*Rah/(k2*TC);
end
if wvNp>=0
ueq(2,1)=(Bmr+ktvp*wvNp+TCA2/Rav)*wvNp*Rav/(k1*TC);
else
ueq(2,1)=(Bmr-ktvn*wvNp+TC"2/Rav)*wvNp*Rav/(k1*TC);
end
delta=x-xeq;
out=ueq-K_lqr*delta;
if out(1,1)>=10
out(1,1)=10;
else if out(1,1)<-10
out(1,1)=-10;
end
end
if out(2,1)>=10
out(2,1)=10;
else if out(2,1)<-10
out(2,1)=-10;
end
end

sys=[out];
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HuongTRMS?2
function [sys,x0,str,ts,simStateCompliance |=HuongTRMS2(t,x,u,flag)
switch flag

case 0

[sys,x0,str,ts,simStateCompliance] = mdlInitializeSizes();

case 1

sys = mdlDerivatives(t,x,u);

case {2,9}

sys = [I;

case 3

sys = mdlOutputs(t,x,u);

otherwise

DAStudio.error('Simulink:blocks:unhandledFla9.81", num2str(flag));
end
function [sys,x0,str,ts,simStateCompliance] = mdlInitializeSizes()
sizes = simsizes;
sizes.NumContStates = 6;
sizes.NumDiscStates = 0;
sizes.NumQOutputs = 6;
sizes.Numlnputs =2;
sizes.DirFeedthrough = 0;
sizes.NumSampleTimes = 1;
sys = simsizes(sizes);
str = [];
x0=zeros(6,1);
% x0(6,1)=-0.6048;
ts =[00]; % sample time: [period, offset]
simStateCompliance = 'DefaultSimState';

function sys = mdIDerivatives(t,x,u)



1t=2.82e-1;
Im=2.46e-1;
Jv=5.26e-2;
D=5.52877e-2;
E=5.85764e-3;
F=5.85077¢-3;
g=9.81;
A=9.82347e-2;
B=1.135659¢-1;
C=2.21788e-2;
H=4.94734¢-2;
Jtr=3.1432¢-5;
Rah=8;
kthp=5e-8;
kthn=4.41e-8;
Btr=2.3e-5;
Jmr=2.0098e-4;
Rav=8;
ktvp=5.6e-7;
ktvn=5.1e-7;
Bmr=2.97e-5;
av0=-6.048e-1;
kthp=2.1377e-6

kfvp=1.9506e-5

kvth=4.91e-3;

kvfv=5.47¢e-3;
kcth=3.96e-5;

.

b

kthn=1.9056¢-6;

b

kfvn=1.1012e-5;
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% Chieu dai cua phan canh tay don duoi
% Chieu dai cua phan canh tay don chinh

% Mo men quan tinh cua truc ngang

% Gia toc trong truong

% Mo men quan tinh cua dong co duoi/tai

% Th=kthp*sign(wh)*(wh)"2
% Th=kthn*sign(wh)*(wh)"2
% He so ma sat nhot cua rotor duoi

% Mo men quan tinh cua dong co chinh/tai

% Th=ktvp*sign(wv)*(wv)"2

% Th=ktvn*sign(wv)*(wv)"2

% He so ma sat nhot cua rotor chinh

% Goc chao doc ban dau

% Fh(wh)=kfhp*sign(wh)*(wh)"2

% Fh(wh)=kfhn*sign(wh)*(wh)"2

% Fv(wv)=kfvp*sign(wv)*(wv)"2

% Fv(wv)=kfvn*sign(wv)*(wv)"2

% Ma sat nhot theo phuong ngang

% Ma sat nhot theo phuong thang dung
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kcfv=1.5¢e-4;
kchp=5.60e-3; 9% He so ma sat (cable force coefficient)
kchn=5.60e-3; 9% He so ma sat (cable force coefficient)
km=0.00023; % Anh huong cua rotor chinh len goc theo phuong ngang
kt=0.000026; % Anh huong cua rotor duoi len goc theo phuong thang dung
TC=0.0202; % He so mo men xoan (mo men xoan khong doi)
k1=8.5; % He so giao dien theo phuong thang dung (doc)
k2=6.5; % He so giao dien ngang
kg=0.2;
Ts=0.2;

Uh=u(1);

Uv=u(2);

wh=x(1);

Sh=x(2);

ah=x(3);

wv=x(4);

Sv=x(5);

av=x(6);

Jh=D*(cos(av+av0))"2+E*(sin(av+av0))"2+F;

% Tinh dah , dav

dah=Sh+km*wv*cos(av+av0)/Jh; % dah=0Omegah

dav=Sv+kt*wh/Jv; % dav=Omegav

% Tinh dwh, dSh

if wh>=0

dwh=(TC*k2*Uh-TC*wh)/Rah-Btr*wh-kthp*wh"2)/Jtr; % % % % % %

dSh=(It*kfhp*wh”2*cos(av+av0)-(kvth*dah+kcfh*sign(dah))-
kchp*ah)/Jh;

else

dwh=(TC*k2*Uh-TC*wh)/Rah-Btr*wh+kthn*wh"2)/Jtr; % % % % % %
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dSh=(-It*kfhn*wh"2*cos(av+av0)-(kvth*dah+kcth*sign(dah))-
kchp*ah)/Jh;

end

% Tinh dwv, dSv

if wv>=0
dwv=(TC*(k1*Uv-TC*wv)/Rav-Bmr*wv-ktvp*wv/2)/Jmr;% % % % % %

dSv= (kfvp*wv/ 2*(Im+kg*dah*cos(av+av0))-
(kvfv*dav+kcfv*sign(dav))+...

g*((A-B)*cos(av+av0)-C*sin(av+av0))-
0.5*dah”"2*H*sin(2*(av+av0)))/Jv;

else
dwv=(TC*(k1*Uv-TC*wv)/Rav-Bmr*wv-+ktvn*wv2)/Jmr; % % % %o %o %

dSv= (-kfvn*wvA2*(Im+kg*dah*cos(av+av0))-
(kvfv*dav+kcfv*sign(dav))+...

g*((A-B)*cos(av+av0)-C*sin(av+av0))-
0.5*dah”"2*H*sin(2*(av+av0)))/Jv;

end
sys=[dwh;dSh;dah;dwv;dSv;dav];
function sys = mdlOutputs(t,x,u)

SYS = X;

3. Code chuong trinh EKF cai dit bo diéu khién du bdo cho ddi tuong TRMS
chay thuc nghi¢m.

function Xe=mdlKalman(Uhp,Uvp,ah,av)

%o Cac hang so

1t=2.82e-1; % Chieu dai cua phan canh tay don duoi
Im=2.46e-1; % Chieu dai cua phan canh tay don chinh
Jv=5.26e-2; % Mo men quan tinh cua truc ngang
D=5.52877e-2;

E=5.85764e¢-3;

F=5.85077e-3;



g=9.81;
A=9.82347e-2;
B=1.135659¢-1;
C=2.21788e-2;
H=4.94734e-2;
Jtr=3.1432e-5;
Rah=8;
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% Gia toc trong truong

% Mo men quan tinh cua dong co duoi/tai

kthp=5e-8; % Th=kthp*sign(wh)*(wh)"2
kthn=4.41e-8; % Th=kthn*sign(wh)*(wh)"2

Btr=2.3e-5; % He so ma sat nhot cua rotor duoi
Jmr=2.0098e-4; % Mo men quan tinh cua dong co chinh/tai
Rav=8;

ktvp=5.6e-7; % Th=ktvp*sign(wv)*(wv)"2
ktvn=5.1e-7, % Th=ktvn*sign(wv)*(wv)"2
Bmr=2.97e-5; % He so ma sat nhot cua rotor chinh
av0=-6.048e-1; % Goc chao doc ban dau

kthp=2.1377e-6;
kthn=1.9056e-6;
kfvp=1.9506e-5;
kfvn=1.1012e-5;

% Fh(wh)=kfhp*sign(wh)*(wh)"2
% Fh(wh)=kfhn*sign(wh)*(wh)"2
% Fv(wv)=kfvp*sign(wv)*(wv)"2

% Fv(wv)=kfvn*sign(wv)*(wv)"2

kvfh=4.91e-3; % Ma sat nhot theo phuong ngang

kvfv=5.47e-3; % Ma sat nhot theo phuong thang dung

kcth=3.96e-5;

kcfv=1.5¢e-4;

kchp=5.60e-3; 9% He so ma sat (cable force coefficient)

kchn=5.60e-3; % He so ma sat (cable force coefficient)

km=0.00023; % Anh huong cua rotor chinh len goc theo phuong ngang
kt=0.000026; % Anh huong cua rotor duoi len goc theo phuong thang dung
TC=0.0202; % He so mo men xoan (mo men xoan khong doi)



124

k1=8.5; % He so giao dien theo phuong thang dung (doc)
k2=6.5; % He so giao dien ngang

kg=0.2;

Ts=0.2;

nx=06;

nu=2;

ny=2;

% Cac bien so

persistent Xp Pk

if isempty(Xp)
Xp=zeros(nx,1);

end

if isempty(Pk)
Pk=zeros(nx,nx);

end

ahp=Xp(3,1);

avp=Xp(6,1);

whp=Xp(1,1);

Shp=Xp(2,1);

wvp=Xp(4,1);

Svp=Xp(5,1);

Q=eye(nx,nx)*0.01;

R=eye(ny,ny)*0.01;

As=zeros(nx,nx);

Bs=zeros(nx,nu);

Cs=[001000;00000 1];

if whp>=0

whn=whp+Ts*(TC*(k2*Uhp-TC*whp)/Rah-Btr*whp-kthp*whp”2)/Jtr;
Shn=Shp+Ts*(It*kthp*whp”2*cos(avp+av0)-kvfth*Shp-...
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kchp*ahp)/(D*(cos(avp+av0))*2+E*(sin(avp+av0))*2+F)-...
Ts*kvth*km*wvp*cos(avp+av0)/(D*(cos(avp+av0)) " 2+E*...

(sin(avp+av0))"2+F)"2;

else

whn=whp+Ts*(TC*(k2*Uhp-TC*whp)/Rah-Btr*whp+kthn*whp”"2)/Jtr

Shn=Shp+Ts*(-lt*kfthn*whp”2*cos(avp+av0)-kvth*Shp-...

kchp*ahp)/(D*(cos(avp+av0))*2+E*(sin(avp+av0))*2+F)-...
Ts*kvth*km*wvp*cos(avp+av0)/(D*(cos(avp+av0)) " 2+E*...

(sin(avp+av0))"2+F)"2;
end
if wvp>=0
wvn=wvp+Ts*(TC*(k1*Uvp-TC*wvp)/Rav-Bmr*wvp-
ktvp*wvp/2)/Jmr;
Svn=Svp+Ts*(Im*kfvp*wvp 2-kviv*Svp-kviv¥kt*whp/Jv+...
g*((A-B)*cos(avp+av0)-C*sin(avp+av0)))/Jv;
else
wvn=wvp+Ts*(TC*(k1*Uvp-TC*wvp)/Rav-
Bmr*wvp+ktvn*wvp2)/Jmr;

Svn=Svp+Ts*(-Im*kfvn*wvp”2-kvfv*Svp-kviv¥kt*whp/Jv+...

g*((A-B)*cos(avp+av0)-C*sin(avp+av0)))/Jv;
end

ahn=ahp+Ts*Shp+Ts*km*wvp*cos(avp+av0)/...

(D*(cos(avp+av0))"2+E*(sin(avp+av())*2+F);
avn=avp+Ts*Svp+Ts*kt*whp/Jv;
DEN=D*(cos(avp+av0))"2+E*(sin(avp+av0)) 2+F;
if whp>=0

As(1,1)=1-Ts*(Btr+kthp*whp+TC*2/Rah)/Jtr;

As(2,1)=Ts*1t*kthp*whp*cos(avp+av0)/DEN;
else

As(1,1)=1-Ts*(Btr-kthn*whp+TC"2/Rah)/Jtr;

’
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As(2,1)=-Ts*1t*kthn*whp*cos(avp+av0)/DEN;
end
As(2,2)=1-Ts*kvth/DEN;
if ahp>=0
As(2,3)=-Ts*kchp/DEN;
else
As(2,3)=-Ts*kchn/DEN;,
end
As(2,4)=-Ts*kvth*km*cos(avp+av0)/DEN”2;
As(3,2)=Ts;
As(3,3)=1;
As(3,4)=Ts*km*cos(avp+av0)/DEN;
if wvp>=0
As(4,4)=1-Ts*(Bmr+ktvp*wvp+TCA2/Rav)/Jmr;
As(5,4)=Ts*Im*kfvp*wvp/lv;
else
As(4,4)=1-Ts*(Btr-ktvn*wvp+TC"2/Rav)/Jmr;
As(5,4)=-Ts*Im*kfvn*wvp/Jv;
end
As(5,1)=-Ts*kviv*kt/(Jv 2);
As(5,5)=1-Ts*kviv/Iv;
if avp==0
As(5,6)=Ts*g*((A-B)*cos(avp+av0)-C*sin(avp+av0))/Jv;
else
As(5,6)=Ts*g*((A-B)*cos(avp+av0)-C*sin(avp+av0))/(Jv*avp);
end
As(6,1)=Ts*kt/Jv;
As(6,5)=Ts;
As(6,6)=1;
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Bs(1,1)=Ts*TC*k2/(Jtr*Rah);
Bs(4,2)=Ts*TC*k1/(Jmr*Rav);

%

Buoc du bao

Xp(3,1)=ahn;
Xp(6,1)=avn;
Xp(1,1)=whn;
Xp(2,1)=Shn;
Xp(4,1)=wvn;
Xp(5,1)=Svn;

Pk=As*Pk*As'+Q;

%

Buoc cap nhap

Lk=Pk*Cs"*inv(Cs*Pk*Cs'+R);
Xp=Xp+Lk*([ah;av]-Cs*Xp);
Pk=(eye(nx,nx)-Lk*Cs)*Pk;

Xe=Xp;

function OUTU =UKF(INU)

Uhp=INU(1); 9% Dau vao doi tuong (bien duoc dieu khien)
Uvp=INU(2); 9% Dau vao doi tuong (bien duoc dieu khien)
ah=INU(3); % Dau ra doi tuong (bien duoc dieu khien)
av=INU4);, 9% Dau ra doi tuong (bien duoc dieu khien)
ahp=INU(5); 9% Dau ra doi tuong truoc do

avp=INU(6); %Dau ra doi tuong truoc do

whp=INU(7); 9 Trang thai duoc uoc luong truoc do
Shp=INU(8); 9% Trang thai duoc uoc luong truoc do
wvp=INU(9); %Trang thai duoc uoc luong truoc do

Svp=INU(10);
nx=0;
ny=2;
ny=2;

%Trang thai duoc uoc luong truoc do
%So bien trang thai
%So bien dau vao

%So bien dau ra
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Pkpv=INU(13:12+nx*nx); %Dang vector cua P(k-1lk-1)

Pkp=zeros(nx,nx); %Dang matran cua P(k-1lk-1)

for i=1:nx

Pkp(:,1)=Pkvp([1:nx]+(i-1)*nx,1);

end

% Cac tham so TRMS

1ts=2.82e-1;
Im=2.46e-1;
Jv=5.26e-2;
D=5.52877e-2;
E=5.85764e-3;
F=5.85077e-3;
£=9.81
A=9.82347e-2;
B=1.135659¢-1;
C=2.21788e-2;
H=4.94734e-2;
Jtr=3.1432¢-5;
Rah=8;
Lah=8.6e-4;
kthp=5e-8;
kthn=4.41e-8;
Btr=2.3e-5;
Jmr=2.0098e-4;
Rav=8;
Lav=8.6e-4;
ktvp=5.6e-7;
ktvn=5.1e-7;
Bmr=2.97e-5;

% Chieu dai cua phan canh tay don duoi
% Chieu dai cua phan canh tay don chinh

% Mo men quan tinh cua truc ngang

% Gia toc trong truong

% Mo men quan tinh cua dong co duoi/tai
% Dien tro phan ung

% Dien cam phan ung

% Th=kthp*sign(wh)*(wh)"2

% Th=kthn*sign(wh)*(wh)"2

% He so ma sat nhot cua rotor duoi

% Mo men quan tinh cua dong co chinh/tai
% Dien tro phan ung

% Dien cam phan ung

% Th=ktvp*sign(wv)*(wv)"2

% Th=ktvn*sign(wv)*(wv)"2

% He so ma sat nhot cua rotor chinh
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av0=-6.048e-1; % Goc chao doc ban dau
kthp=2.1377e-6; % Fh(wh)=kthp*sign(wh)*(wh)"2
kthn=1.9056e-6; % Fh(wh)=kfhn*sign(wh)*(wh)"2
kfvp=1.9506e-5; % Fv(wv)=kfvp*sign(wv)*(wv)"2
kfvn=1.1012e-5; % Fv(wv)=kfvn*sign(wv)*(wv)"2
kvfh=4.91e-3; % Ma sat nhot theo phuong ngang
kvfv=5.48e-3; % Ma sat nhot theo phuong thang dung
kchp=5.60e-3; 9% He so ma sat (cable force coefficient)

km=0.00023; % Anh huong cua rotor chinh len goc theo phuong ngang
kt=0.000026; % Anh huong cua rotor duoi len goc theo phuong thang dung
TC=0.0202; % He so mo men xoan (mo men xoan khong doi)

k1=8.5; % He so giao dien theo phuong thang dung (doc)

k2=6.5; % He so giao dien ngang

Ts=0.2; % Thoi gian lay mau

% Gia tri trung binh va hiep phuong sai
Ew=[10.10.03210.10.032] % Vector trung binh cua nhieu qua trinh

Ev=ones(ny,1)*0.032; % Vector trung binh cua nhieu do duoc
Q=eye(nx,nx)*0.4; % Ma tran hiep phuong sai cua nhieu qua trinh
R=eye(ny,ny)*0.4; % Ma tran hiep phuong sai cua nhieu do duoc
% Cac tham so UKF

al=0.001; % Tham so alpha cua UKF

bet=2; % Tham so beta cua UKF

kai=0; % Tham so kai cua UKF

lam=al"2*(2*nx+kai)-2*nx;  %Tham so lamda cua UKF

% Trang thai tang (trang thai duoc bo sung) va hiep phuong sai
Xkp=[whp;Shp;ahp;wvp;Svp;avpl; % x(k-1lk-1)
Xkpa=zeros(2*nx,1); % xa(k-11k-1)
Xkpa(l:nx,1)=Xkp;

Xkpa(nx+1:2*nx)=Ew;
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Pkpa=zeros(2*nx,2*nx); % Pa(k-1lk-1)
Pkpa(1+nx:2*nx,1+nx:2*nx)=Q;

% Dang 4*nx+1 diem sigma

Ksip=zeros(2*nx,4*nx+1); % Xi(k-11k-1)

Ksip(:,1)=Xkpa;

% Tim can bac hai cua ma tran Pkpa bang viec cheo hoa gia tri rieng va vec to
rieng

VPkp=zeros(nx,nx);

DPkp=zeros(nx,nx);

[VPkp,DPkpl=myeig(Pkp);

DPkpsqrt=sqrt(abs(DPkp));

YPkp=VPkp*DPkpsqrt*inv(VPkp);

YPkpa=[YPkp zeros(nx,nx); zeros(nx,nx) sqrt(Q)];

%

Pkpasqr=sqrt(2*nx+lam)*YPkpa;
for i=1:2*nx
Ksip(:,i+1)=Xkpa+Pkpasqr(:,i);
Ksip(:,i+2*nx+1)=Xkpa-Pkpasqr(:,i);
end
% Su lan truyen diem sigma thong qua cac phuong trinh khong gian trang thai
% roi rac phi tuyen cua TRMS
Ksi=zeros(nx,4*nx+1);
for i=4*nx+1
whp=Ksip(1,1);
Shp=Ksip(2,1);
ahp=Ksip(3,i);
wvp=Ksip(4,1);
Svp=Ksip(5,1);
avp=Ksip(6,i);
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if whp>=0
whn=whp+Ts*(TC*(k2*Uhp-TC*whp)/Rah-Btr*whp-kthp*whp”2)/Jtr;
Shn=Shp+Ts*(ts*kthp*whp”2*cos(avp+av0)-kvth*Shp-kchp*...
ahp)/(D*(cos(avp+av0))*2+E*(sin(avp+av0))"2+F)-...
Ts*kvth*km*wvp*cos(avp+av0)/(D*(cos(avp+av0)) 2+...
E*(sin(avp+av0))*2+F)"2;
else
whn=whp+Ts*(TC*(k2*Uhp-TC*whp)/Rah-Btr*whp+kthn*whp”2)/Jtr;
Shn=Shp+Ts*(-lts*kthn*whp”2*cos(avp+av0)-kvth*Shp-kchp*...
ahp)/(D*(cos(avp+av0))*2+E*(sin(avp+av0))"2+F)-...
Ts*kvth*km*wvp*cos(avp+av0)/(D*(cos(avp+av0)) 2+...
E*(sin(avp+av0))*2+F)"2;
end
if wvp>=0
wvn=wvp+Ts*(TC*(k1*Uvp-TC*wvp)/Rav-Bmr*wvp-ktvp*wvp”2)/Jmr;
Svn=Svp+Ts*(Im*kfvp*wvp2-kviv*Svp-kviv¥ kt*whp/Jv+...
g*((A-B)*cos(avp+av0)-C*sin(avp+av0)))/Jv;
else
wvn=wvp+Ts*(TC*(k1*Uvp-TC*wvp)/Rav-Bmr*wvp+ktvn*wvp"2)/Jmr;
Svn=Svp+Ts*(-Im*kfvp*wvp”2-kvfv*Svp-kviv¥kt*whp/Jv+...
g*((A-B)*cos(avp+av0)-C*sin(avp+av0)))/Jv;
end
ahn=ahp+Ts*Shp+Ts*km*wvp*cos(avp+av0)/(D*(cos(avp+av0)) 2+...
E*(sin(avp+av0))*2+F);
avn=avp+Ts*Svp+Ts*kt*whp/Jv;
Ksi(:,1)=[whn;Shn;ahn;wvn;Svn;avn]+Ksip(nx+1:2*nx,1); % Xi(klk-1)
end
% 'Trong so cac diem sigma duoc su dung cau truc trang thai du bao va hiep

% phuong sai
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Ws0=lam/(2*nx+lam); % 'Trong so cua trang thai du bao
Wc0=lam/(2*nx+lam)+(1-al”2+bet); % Trong so cua hiep phuong sai duoc DB
Wi=1/(2*(2*nx+lam)); % Trong so cua ca hai
Xk=Ws0*Ksi(:,1)+Wi*sum(Ksi(:,2:4*nx+1),2); % x(klk-1)
Pk=zeros(nx,nx);
for i=1:4*nx
Pk=Pk+Wi*((Ksi(:,i+1)-Xk)*(Ksi(:,i+1)-Xk)");
end
Pk=Pk+WcO*(Ksi(:,1)-Xk)*(Ksi(:,1)-Xk)";
% Giai doan Cap nhat cua EKF
lam=al"2*(nx+ny+kai)-nx-ny; % Tham so lamda cua UKF
% Trang thai tang (trang thai duoc bo sung) va hiep phuong sai
Xka=zeros(nx+ny,1); % xa(klk-1)
Xka(1:nx,1)=Xk;
Xka(nx+1:nx+ny)=Ev;
Pka=zeros(nx+ny,nx+ny); 9% Pa(klk-1)
Pka(1:nx,1:nx)=Pk;
Pka(1+nx:nx+ny, l+nx:nx+ny)=R;
% Dang 4*nx+1 diem sigma
Ksiy=zeros(nx+ny,2*(nx+ny)+1); % Xi(klk-1)
Ksiy(:,1)=Xka;
% Tim can bac hai cua ma tran Pkpa bang viec cheo hoa gia tri rieng va vec to
rieng
VPk=zeros(nx,nx);
DPk=zeros(nx,nx);
[VPk,DPk]=myeig(Pk);
DPksqrt=sqrt(abs(DPk));
YPk=VPk*DPksqrt*inv(VPk);
YPka=[YPk zeros(nx,ny);zeros(ny,nx) sqrt(R)];
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%

Pkasqr=sqrt(nx+ny+lam)*YPka;
for i=1:(nx+ny)
Ksiy(:,i+1)=Xka+Pkasqr(:,i);
Ksiy(:,i+nx+ny+1)=Xka-Pkasqr(:,1);
end
Cs=[001000;00000 1];
gam=zeros(ny,2*(nx+ny)+1); 9% Gama(k)
for i=1:2*(nx+ny)+1
gam(:,1)=Cs*Ksiy(1:nx,1)+Ksiy(nx+1:nx+ny,1);
end
% Trong so cac diem sigma duoc su dung cau truc trang thai du bao va hiep
phuong sai
Ws0=lam/(nx+ny+lam); % 'Trong so cua trang thai du bao

Wcl=lam/(nx+ny+lam)+(1-al”*2+bet); % Trong so cua hiep phuong sai duoc
du bao

Wi=1/(2*(nx+ny+lam)); % Trong so cua ca hai

Yh=Ws0*gam(:,1)+Wi*sum(gam(:,2:2*(nx+ny)+1),2); % yhat(k)

Pzz=zeros(ny,ny);

Pxz=zeros(nx,ny);

for i=1:2*(nx+ny)
Pzz=Pzz+Wi*(gam(:,i+1)-yh)*(gam(:,i+1)-yh)';
Pxz=Pxz+Wi*(Ksiy(1:nx,i+1)-Xk)*(gam(:,i+1)-yh)';

end

Pzz=Pzz+Wc0*(gam(:,1)-yh)*(gam(:,1)-yh)";

Pxz=Pxz+Wc0*(Ksiy(1:nx,1)-Xk)*(gam(:,1)-yh)";

Lk=Pxz*inv(Pzz);

Xkn=Xk+Lk*([ah;av]-yh);

Pkn=Pk-Lk*Pzz*Lk';
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% Thay doi ma tran duong cheo Pkn ben trong dang vector (Pknv)
Pknv=zeros(nx*nx,1);
for i=1:nx
Pknv([1:nx]+({-1)*nx,1)=Pkn(:,i);
end

OUTU=[Xkn;Pknv];

function [V,D]=myeig(A)
L=length(A);
Q=zeros(L,L);
V=eye(V,V);
for i=1:1L"3
[Q.R]=QRdec(A);
A=R*Q;
V=V*#Q;
end
D=zeros(L,L);
for i=1:L
D(,1)=A(,1);
end
function [Q,R]=QRdec(A)
L=length(A);
U=zeros(L,L);
Q=zeros(L,L);
if mynorm(A(:,1))~=0
Q(,1H)=A(:;,1)/mynorm(A(:,1));
end
fori=1:L
for j=1:1-1
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if mynorm(Q(:,j))~=0
UGD=UCD-QC0)*ACDAQE)* Q1)) *Q(:));
end
end
UG,1)=U(C,D+AC,1);
if mynorm(U(:,1))~=0
Q(,»)=U(:,1))/mynorm(U(:,1));
end
end
R=Q™A;
function [Y]=mynorm(X)

Y=sqrt(sum(X."2));

#define S_ FUNCTION_NAME TRMS_Estimation_sf
#define S_FUNCTION_LEVEL 2
#include "simstruc.h"
#include "math.h"
#include "codegen\lib\mdlKalman\mdlKalman.h"
static void mdlInitializeSizes(SimStruct *S)
{ssSetNumSFcnParams(S, 0);
if (ssGetNumSFcnParams(S) != ssGetSFcnParamsCount(S)) {
return; /* Parameter mismatch will be reported by Simulink */}
ssSetNumContStates(S, 0);
ssSetNumDiscStates(S, 6);
if (!ssSetNumlnputPorts(S, 4)) return;
ssSetlnputPortWidth(S, 0, 1);
ssSetlnputPortWidth(S, 1, 1);
ssSetlnputPortWidth(S, 2, 1);
ssSetlnputPortWidth(S, 3, 1);
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ssSetlnputPortSampleTime(S, 0, CONTINUOUS_SAMPLE_TIME);
ssSetlnputPortSampleTime(S, 1, CONTINUOUS_SAMPLE_TIME);
ssSetlnputPortSampleTime(S, 2, CONTINUOUS_SAMPLE_TIME);
ssSetlnputPortSampleTime(S, 3, CONTINUOUS_SAMPLE_TIME);
ssSetlnputPortOffsetTime(S, 0, 0.0);

ssSetlnputPortOffsetTime(S, 1, 0.0);

ssSetlnputPortOffsetTime(S, 2, 0.0);

ssSetlnputPortOffsetTime(S, 3, 0.0);

ssSetlnputPortDirectFeed Through(S, 0,0);

ssSetlnputPortDirectFeed Through(S, 1,0);

ssSetlnputPortDirectFeed Through(S, 2,0);

ssSetlnputPortDirectFeed Through(S, 3,0);

if (!ssSetNumOutputPorts(S,1)) return;

ssSetOutputPortWidth(S, 0, 6);

ssSetOutputPortSampleTime(S, 0,CONTINUOUS_SAMPLE_TIME);
ssSetOutputPortOffsetTime(S, 0,0.0);

ssSetNumSampleTimes(S, 2);

ssSetSimStateCompliance(S, USE_DEFAULT_SIM_STATE);

ssSetOptions(S,
SS_OPTION_EXCEPTION_FREE_CODEISS_OPTION_PORT_SAMPLE _
TIMES_ASSIGNED);

static void mdlInitializeSampleTimes(SimStruct *S)
{ ssSetSampleTime(S, 0, CONTINUOUS_SAMPLE_TIME);
ssSetOffsetTime(S, 0, 0.0);
ssSetSampleTime(S, 1,0.2);
ssSetOffsetTime(S, 1, 0.0);
ssSetModelReferenceSampleTimeDefaultInheritance(S); }
#define MDL_INITIALIZE_CONDITIONS
static void mdlInitializeConditions(SimStruct *S)

{ inti;
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real_T *xdisc = ssGetRealDiscStates(S);
for1=0;1<6;1++) { *xdisc++=0.0; } }

#define MDL_UPDATE

void mdlUpdate(SimStruct *S, int_T tid)

{ real_T *Xe = ssGetRealDiscStates(S);
InputRealPtrsType uPtrs1 = ssGetInputPortRealSignalPtrs(S,0);
InputRealPtrsType uPtrs2 = ssGetlnputPortRealSignalPtrs(S,1);
InputRealPtrsType uPtrs3 = ssGetlnputPortRealSignalPtrs(S,2);
InputRealPtrsType uPtrs4 = ssGetInputPortRealSignalPtrs(S,3);

if (ssIsSampleHit(S, 1, tid))
mdlKalman((*uPtrs1[0]),(*uPtrs2[0]),(*uPtrs3[0]),(*uPtrs4[0]),Xe); }

static void mdIOutputs(SimStruct *S, int_T tid)
{ inti;
real T *Out = ssGetOutputPortRealSignal(S,0);
real_T *Xe = ssGetRealDiscStates(S);
for (1=0;1<6;1++)
{
*Out++= *Xe++; |}

static void mdlTerminate(SimStruct *S)



