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Tom tdt: Npi dung bdi bdo nghien cuu cdc gidi phdp thiet ke he thong ldi tu dpng tdu thuy v&i thai 
gian tre diiu khien biin ddi khong xdc dinh dua tren mo hinh du dodn Smith thich nghi ket hgp vai bp 
diiu khiin bin vOng. Mo hinh du dodn Smith thich nghi duac thiit ki kit^ hop giira khoi nhgn dgng con 
tdu vd khoi uac lugng thai gian tre diiu khiin sir dung mgng Neural thdn kinh nhdn tgo. cho thdy ldm 
ndng dieu khien thich nghi rdt tot duai dnh huang cua thai gian tre vd nhieu khong xdc dinh. Bin cgnh 
do. ca che uac lugng thai gian fre frong qud trinh diiu khien su dung mgng neural giup tdng hiiu sudt 
bii thai gian tre cua he thong mpt cdch ddng ki. Bp dieu khien ben vimg duac tinh todn thief ki bang 
cdch dp dung phuang phdp vong lap ben vimg Mc Farlane - Glover kit hgp gidi cdc bdt ddng thuc tuyen 
tinh cho kit qud khd tot chung to tinh chdt ben virng ciia he thong. Ket qud mo phong tren Matlab chung 
minh tinh hiiu qud. tich cue vd uu diim cita mo hinh dua ra trong bdi bdo ndy. 

Abstract: This paper is concerned with the design problem of Ship autopilot system induced 
unknown varying time-delay (RVTD) based on an adaptive Smith predictor which is compared with a 
robust controller. The adaptive Smith predictor model, which includes a ship recognition module and 
time-delay estimator based on artificial neural network is designed to autopilot control under the effect 
of time-delay and disturbances. Beside that, the time-delay estimation scheme using neural network 
improves significantly the time-delay compensation performance of system. The robust controller has 
been designed by using the Linear Matrix Inequality (LMI) combine with H^ loop shaping - Mc 
Farlane and Glover method that obtained the high control performance and robustness of system. In 
addition, the simulation results via Matlab demonstrate the usefulness and effectiveness of the proposed 
method. 
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1. Gidi thieu chung than kinh nhan tao da dupe xem xet trong [5] 
Khao sat cac phuang phap diiu khiin cho thiy uu diim ndi bat cua thuat toan di 

md thich nghi he thing lai ty ddng tau thuy truyin la kha nang diiu khien thich nghi vdi 
[1] khi he thing la phi tuyin va khdng xac ^^i tupng sau mdt thai gian huin luyen giiip 
dinh duac di cap trong [2], trong dd thuat cho he thing cd thg tang kha nang thich nghi. 
toan md Takagi-Sugeno dupc ap dyng dudi Nhu vay, thdi gian gin day cac phuang phap 
md hmh diiu khiin thich nghi. Cung blng ^^^ *^ien hien d î da dupc iing dung rit 
phuang phap md thich nghi bai toan diiu ^ihiQU trong thiet ke he thdng Iai ty ddng tau 
khiin lai ty ddng tau thuy bam theo hanh thiiy, nhung hiu hit cac phuang phap trgn 
trinh xac dinh trudc [3] da dupe giai quyit ^cu chua xem xet tmh bin vung ciia he thing 
kha triet di, kit qua cho thiy he thong Iam ^̂ ^u khign khi md hinh tau thuy cd cfaiia cac 
viec dn dinh nhung chua di cap tdi anh ^'^n khdng xac dinh, khdng chac chan hoac 
hudng cua nhiiu trong qua trinh boat ddng. nhilu tac ddng vao he thdng phiic tap. 
Trong [4], viec sil dyng phucmg phap dieu Trong bai bao nay, cac tac gia nang cao 
khien Iai di ddng iing dyng mang neural vdi va khic phye nhupc diim eiia phuang phap 
nhieu phuang phap huin luyen mang kit hpp thiit ki he thing lai su dyng md hmh Smith 
thuat toan dy doan anh hudng ciia tac ddng kit hpp vdi bd diiu khiln bin vung trong [6] 
ngoai yi Ign banh lai cd tinh chit thich nghi blng each dua thgm bd nhan dang ddi tupng 
cho thay dap iing dieu khign hudng di tuang su dyng mang neural vao md hinh Smith kit 
ddi chinh xac. Ngoai ra, thuat toan toi uu di hap vdi khdi Neural udc lupng thdi gian tri 
truygn sir dung dg tdi uu bd digu khiin mang diiu khiin. Nhu vay, md hinh Smith mdi la 



(3) 

md hinh thich nghi hoan toan, nd giiip cho 
viec bii thdi gian tre va nhigu trd nen nhanh 
va chinh xac ban cac phuang phap da dupc 
dua ra trudc day. 

2. Bat van de 

2.1. Md hinh dong hpc tau thuy 

Theo [5,20] cac ma tran trpng sd A, B, 
C, D ciia he ddng hpc lai tau thuy cd gia tri 
nhu sau: 

' -0.895 -0.286 0 

A^ -4.367 -0.918 0 

^ 0 1 0 

" 0.108 ^ 

fi- -0.918 

c = (o 0 i),r>-o 
Mue tieu la tim bd dieu khign bgn virng 

cho he thdng de dieu ehinh hudng di ciia con 
tau theo hudng dat trudc, nhu vay he thdng 
phai dap ung mdt sd yeu eau va gidi ban sau: 

Khdng bi mat tin hieu dap ung dau ra 
cua y trong sudt qua trinh dieu khien. 

^ , . , , \u\<35' 
Goc be Iai giai han: ' ' 
^x . . . , , , \ii\<lO'/s 
Toe dp be Iai giai han: ' ' 
2.2. PhSn tich hg thong lai tu- dong 

tau thuy dna tren md hinh d y doan Smith 
Con tau la ddi tuong dieu khien cd 

quan tinh Idn, thyc te trong qua trinh digu 
khiin cac ddi tupng vat ly ed quan tinh ldn 
thi van dg xir ly thdi gian trg tuang doi phuc 
tap, dac biet ddi vdi nhiing bd dieu khien ygu 
cau dap ling tin hieu phan hdi nhanh. Ngoai 
ra khi dg cSp dgn anh hudng cua nhieu ngoai 
vi len banh lai, cac md hinh Smith thdng 
thudng se khdng dap img dupc chat lupng 
digu khien yeu cau. 

Md hinh Smith dupc lya chpn de bii 

thdi gian tre trong eac he thdng dieu khign ty 

ddng [6-10] yeu ciu dp chinh xae cao. Xem 

xet he thdng Iai tau thuy cd cau tnic nhu 

trong Hinh I, trong doGp(s)\k md hinh ddng 

hpe thyc t i ciia tau, G^(s) gia thigt la md 

hinh nhieu tac ddng vao banh lai,r^(^)la 

khoang thdi gian trg sau khi tin hieu digu 

khien tac dpng vao banh lai den khi bd dieu 

khign nhan dupc tin hieu phan hdi gde lech 

hudng di. Bd dy doan Smith bao gdm md 

hinh mau G (s) va thdi gian tre 

mau r (5) dupc thgm vao cau tnic cila he 

thdng. Tir dd ta tinh toan ham truygn ciia he 

thong trong H.I nhu sau: 

y,=[G^{s) + G„is)]e-''-'Ms) (4) 

y^=[(G^{s) + GSs))e-'^'''-G^^s)e-'-''^ 

+ G^Js)]u{s) ^^^ 

Gia su ta cd the lya chpn dupc cac gia 
tri danh djnh bang vdi cac gia trj thyc te, 
tuong img vdi 2 gia thiet sau: 

Gia thigt 1: Mo hinh danh dinh ciia ddi 
tupng chpn chinh xac vdi md hinh thyc: 

Gia thiet 2; Thoi gian tre danh dinh 
chon chinh xac voi thoi gian tre thirc: 

. ,„(s) = ^,(^) (9) 

Nhlt vay, phircmg trinh (7) tirong 
duong: 

yf,=G,J'i)ti{s) (10) 

Tu do, ta CO phuong trinh ham truyen 
cua he kin nhu sau: 

yJs) K(s)[G(s) + G,(!,)]e-'''" 
(11) 

y/s)^ K(slG^(s) + G,{s)] ^_,̂ ,„ 

r(s) \ + K{slG^{s) + G„{s)f (12) 

Hinh 1. Cdu triic he lhdng lai tu dong dua tren mo 
hinh dif doan Smith. 

Rd rang anh hudng cua thdi gian tre da 
bj day ra khdi vdng lap kin ddng nghTa vdi 



viec triet tieu hoan toan anh hudng cua thdi 
gian trg tdi tinh dn djnh cua he thdng digu 
khign. Cd the thay rang rat khd dat dupe dieu 
nay bdi khdng the xac dinh hoan toan chinh 
xac md hinh va thdi gian trg danh dinh cua 
ddi tupng. Md hinh danh djnh cd thg xac 
dinh dupc bang thyc nghiem nhung thdi gian 
tre va nhieu tac ddng vao ddi tupng thi ludn 
bign ddi va khdng xac dinh, vi vay tim dupc 
thdi gian trg danh djnh va md hinh danh dinh 
la mdt thach thitc ddi vdi cac nha thigt ke he 
thdng khi su dung md hinh dy bao Smith. 

3. Tong hop bd dieu khien ben virng 
Chiing ta khdng bao gid xae dinh dupc 

hoan toan cac thdng sd cua md hinh, va digu 
nay se gay ra rat nhigu van dg nghigm trpng 
trong digu khien vdi cac md hinh dy doan 
Smith cd su dung md hinh danh dinh. 

3.1. Mo hinh riit gon va tieu chuan 
on dinh ben virng 

Trd lai vdi bai toan ban dau, tir phucmg 
trinh (12), ta cd the xay dyng lal md hinh nit 
gpn nhu sau: 

^'^ 
w 

K f-@* G * g U ^ ] -
IG„+Q, 

Hinh 2. Cau true n'll gon he lhdng ldi lu dpng dua 
lren mo hinh dudodn Smith. 

Trong do md hinh danh djnh cua con 
tau G ket hpp vdi hai ham hinh thuc dai dien 
cho cac thanh phan khdng xac dinh cua md 
hinh that la W^ va W., dudi 
dang Gp + G„ = WiGW,. Giai phap dg tim ra 
bd digu khien ben vimg cho he thing lai ty 
dpng tau thuy dua theo md hinh dy doan 
Smith dudi hinh thile tdi uu y theo 
chuan H^ dupc xac djnh theo [6] nhu sau: 

Dinh ly 3.1{6}: Xet md hinh he thing 
lai ty ddng cd cau tnic nhu trong Hinh.l 
ddng thdi thda man Gia thiit 1 va Gia thiit 2 
[6], tdn tai bd digu khign bgn viing K niu dap 
ling he bat dang thiic tuygn tinh sau: 

ir^i 
I {/- GKy'M^'\<y (13) 

xac dinh duong R dupc tinh toan tu cac bat 
dang thitc: 

R{A + LC) + (A + LCf R<Q (14J 

'AR+RA^-YBB^ RC^ -L^ 

CR -Yi / <0 (15^ 
-d I -yl] 

Trong dd L = -ZC^ nai Z>01a giai 
phap dn djnh bdi phuang trinh Riccati (19) 
(Chung minh theo dinh ly 3.2 [6]). 

3.2. Phnong phap tong hop bp dien 
khien ben virng 

Viec tinh toan thiet ke bp digu khien 
bin viing tuan theo cac budc ca ban sau: 

Lua chpn W^ va W. theo giai phap cua 
Mc Farlane va Glover sao choy^ ,̂ dii 
nhd va thda man bat dang thiic (13). 
Tinh toan ma tran fi > 0 va bign vd 
hudng/bang each giai cac bat dang 
thue (14), (15). Neu cac bat dang thiic 
ma tran tuygn tinh (14), (15) ta 

Dua cac thdng sd thu dupe tu bd digu 
khign vao md hinh de kiem tra tinh dn 
djnh va hieu suat digu khign. 
4. iTdc luvng thoi gian tre dieu khign 

sir dung bo dieu khien Neural nhSn tao 

Neu ;- > 1, se ddng thdi tdn tai ma tran 

Hinh 4. Mo hinh du dodn Smith v&i ca chi uac luong 
thai gian dung bQ dieu khien Neural nhan tgo. 

Trong Hinh 4, bd udc lupng thdi gian 
tre bao gdm 2 phan, md dun tinh online va 
udc lupng diing mang neural nhan tao dupc 
trinh bay trong [10]. 

5. Md phong 
5.1. Thiet lap thong so mo phong 
Md hinh ddng hpc tau thuy lya chpn 

nhu phuang trinh (3). Diu tidn ta tinh toan 



dupe biin vd hudng/o^ 2.6207, lua chpn 
mile dp khdng xac dinh tuang iing 10%, khi 
do r = 1.1/0= 2-8828. Tir do tinh dupe gia tri 
cua ma tran trpng sd R trong phuang trinh 
(25) nhu sau: 

0.6444 

-0.1739 

-0.0390 

-0.0997 

-0.5835 

0.4307 

-0.1105 

-0.2418 

-0.4553 

-0.3686 

0.7759 

-0.1820 

0.1578" 

0.1123 

0.0215 

0.9482 

Theo dd, bp dieu khien bgn viing dupe 
tinh toan vdi K = (A^,B^,C^,DJtJcnig\mg: 

4 = 

s. = 

Q = 

D.= 

r-8.8S8 -36.154 
2 -18.22 

0 -3.74 

[-3.396 -16.678 

f -48.783 ^ 

-39.7027 
-10.3437 

^-19.7095^ 

0.4245 0.9540 

0 

-42.319 
-25.67 

-6.68 
-1791 

0.6466 -

0.260 
0 

0 
-0.874 

0.3073) 

Hinh 6. Dap icng he thong khi th&i gian tre nho 

l^\0-5\v&inhieunh6cos\(i-\\ 

:*JU^ 

Hinh 7. Dap img hS thong khi thai gian tre tmng 
binh re [O-10] voi nhilu nho a ) e [ 0 - l ] . 

Tru&ng hgp 1: Khi thdi gian trg nhd 
(Hinh 6) va trudng hpp thdi gian tre dieu 
khien ldn ban (Hinh 7) he thdng giil dupc dn 
dinh sau mdt sd chu ky dau dao ddng. 

Md hinh thdi gian trg ngau nhien [8]: 

rp(0 = 0.3sin(3 + 0.1(̂ ) (23) 

vdi t ngau nhign trong khoang (0-10). 
Nhieu tac ddng vao he thdng bao gdm 

sdng, gid, ddng chay...lya chpn md hinh 
nhieu mdi trudng Pierson-Mostkoviz [9]: 

S(co)= '"'"•, . e x p ( — 1 ^ ) (24) 
(0.710ro)'o?' "^ \i).l\QT^fo}' 

vdi 7J| =0.805,ii/j-5.5mm,£9la ham ngau 
nhign dao ddng thay ddi trong khoang (O-IO). 

5.2. Kit qua mo phdng 

Hinh 8. Ddp ung he thong khi th&i gian tre rdi l&n 

tB[Q-\5\v&i nhiiu nho t u € [ 0 - l ] -

Hinh 9. Ddp icng he lhdng khi thai gian tre nho 

t ^U)-5\vai nhieu tnmg binh © ^ [ O - S ] . 

Hinh 10. Ddp img he lhdng khi lhdi gian tre nho 

/ e [ 0 - 5 ] v d i HA/J'H trung binh tye [O-IO]. 



Tru&ng hop 2: Tang dan anh hudng 
ciia nhieu Ign he thing (Hinh 9, Hinh 10) ta 
thay ea 2 phuang phap dgu bi anh hudng rd 
ret, tuy nhien md hinh mdi dua ra bj anh 
hudng it hern so vdi md hinh dua ra trong [6]. 

' • | ( H - ^ 

^^J|J>H»l(^Mf4»V; 

Hinh 11. Ddp irng he thdng khi ih&i gian tri lan 

re[0-10]vOT«/i/e«/on (U6[0-iO]. 

Tru&ng hop 3: Khao sat vdi trudng 
hpp ca nhigu tac ddng vao he thdng Idn trong 
khi thdi gian trg ciia he thing cung ldn (Hinh 
11) vin cho kit qua tdt ban [6], 

6. Ket luan 

Phuang phap dua ra giiip he thdng lai 
ty ddng tau thiiy boat dpng kha dn dinh va 
ben vimg. Viec iing dung ca che udc lupng 
thdi gian tre digu khien sir dung mang Neural 
trong thigt kg giiip tang hieu suit bu thdi gian 
tre cua he thdng mdt each dang kg nhung 
chua loai bd dupc hoan toan anh hudng ciia 
nhieu trong qua trinh dieu khign. Hudng di 
va giai thuat trong bai bao nay la mpt hudng 
md cd the tiep tue nghign cim sau rdng han 
nham thu dupc nhung ket qua kha quan han 
trong thdi gian tdi. 
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