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Tom rit: Npi dung bai bdo nghién ciru cdc gidi phdp thiét ké hé thing Idi ne ding tiu thly voi thoi
gian & diéu khién bién doi khong xde dink dya trén mé hink dy dodn Smith thich nghi két hop voi bo
diu khidn bén vitng. M6 hink di dodn Smith thich nghi wge thiét ké Kér hop gitta khdi nhén dang con

1 vis KhOT wdc luong thoi gian | tré diéu khién sit dung mang Ngural than kink nhdn 1go, cho thdy khd
ndng diéu khién thich nghi rdt 16t dudi anh hudng cuia thot gian tré vi nhiéu khéng xdc dinh. Bén canh
d6, cor ché uée Tuomg thé giam o€ trong qud trinh diéu khten st dyng mang newral giup ting hiéu sudt
bit théi gian tré cua hé thing mét cdch ding k8. Ry didu khién bén vieng cege tink todn thiét ké bang
cdch dp dung phieong phdp vong ldp bén vimg Mc Fariane - Glover két hop gidi cde bdr déng thic tuyén
tinh cho két qua khd 6t chimg 16 tinh chét bén vilmg ciia hé thing. Két gua mé phong trén Matlab chimg
miinh tink hiéu qud, tich cyre va wu diém ctia mé hink dwa ra rong bai bdo ndy.

Abstract: This paper Is concerned with the design problem of Ship autopilot system induced
unknown varying time-delay (RVID) 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 1o autopilot controf 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 — Me
Farlane and Glover method that obtained the high control performance and robustness of system. In
addition, the sinulation results via Matlab demonstrate the usefulness and effectiveness of the proposed

method.
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1. Gié6i thigu chung

Khao sét cac phuong phdp diéu khién
md thich nghi hé théng lai ty dong thu thiy
[1] khi hé théng 1a phi tuyén va khong xac
dinh duge dé& cip trong [2), trong d6 thuat
toan m& Takagi-Sugeno duge dp dung dusi
mé hinh didu khién thich nghi. Ciing bang
phuong phip mé thich nghi, bai todn didu
khién 14 tr ddng thu thiy bam theo hénh
trinh x4c dinh trudc (3] da duoc giai quyét
kh4 trigt dé, két qua cho thay hé thong lam
viéc én dinh nhung chua d& cdp 61 anh
huong cia nhiu trong qué trioh hoat ddng.
Trong [4], viéc sir dung phuong phap didu
khién 14i ty dgng Umg dyng mang neural véi
nhiéu phuong phap huén luyén mang két hop
thudt todn du doén anbh hudng cua tic déng
ngoai vi 1én banh 14i c6 tinh chét thich nghi
cho thiy dap img diéu khién huéng di tuong
aéi chinh xic. Ngodi ra, thuft toan 161 wu di
truyén sir dung dé i uu bd didu khién mang
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thin kinh nhan tac da duge xem xét trong [5]
cho thay ru diém ndi bjt ciia thujt tosn di
tmyen 13 khi ning didu khién thich nghi voi
a6i fugng sau mét thoi gian hufn luyén gitp
cho h¢ thong c6 thé tang kha nang thich nghi.
Nhu vy, thoi gian gén day céc phuong phap
diéu khién hién dai da duoc img dung rit
rhidu trong thiét ké hé théng 1ai ty d6ng tau
thiy, nhung hiu hét cac phuong phép trén
déu chira xem xét tinh bén vimg cnia hé théng
diéu khién khi mé hinh tin thily c6 chia céc
bién khong xdc dinh, khéng chéc chin hoic
nhiéu téc dong vao hé théng phirc tap.

Trong bai bao nay, céc tic gid ning cao
v khic phuc nhuge diém cla phuong phiap
thiét ké hé théng l4i st dung m6 hinh Smith
két hop véi bd didu khién bén vimg trong [6]
bing céch dua thém b3 nhan dang d6i tuon 3
sir dung mang neural vio mé hinh Smith ket
hop vGi khdi Neural wéc huong thai g1an tré
diéu khién. Nhu vdy, mé hich Smith méi 1a



mé hinh thich nghi hoan toan, né giup cho
vigc bit thoi gian tr va nhidu trés nén nhanh
va chinh x4c hon cic phwong phap da duge
dua ra trude day.

2. Dit vhn dé
2.1. M hinh dng hoe tau thiy
Theo [5,20] cac ma trin trong s& A, B,
C, D cia hé déng hoc 141 tau thiy o6 gis t
nhur san:
-0.895 -0.286 0
—4.367 —0918 0
0 1 0
0.108 3)
-0.918
0
C=(0 0 1),D=0
Mug tiéu 13 tim bd didu khién bén vimg
cho hé théng d& didu chinh hwéng di cha con
tAu theo hudng dit trude, nhu vy hé théng
phai dép g mét sb yéu chu va giGi han sau:

A=

B=

Khéng bi mat’tm hiéu dép tmg dgm ra
clia y trong sudt qua trinh diéu khién.
<35°
Goe bé 14 gici ban: 53
P i <10°
Téc d¢ bé 14 gi6i han: W <10°/s
2.2. Phiin tich h¢ théng 1ai tr dong
tau thity da trén md hinh dy doan Smith
Con tau la dbi _tuong didu khidn c6
quén tinth 1én, thue té trong qua trinh didu
khlen céc dbi twong vét 1y €6 quan tinh lén
thi vin dé xir ly théi gian tré twong déi phirc
tap, ddc biét 46 véi phitng bd didu khién yéu
cdu dap lmg tin higu phan hdi nhanh. Ngoal
ra khi d2 cap dén anh hudng cia nhidu ngoai
vi 1én banh 1ai, cdc mo hinh Smith théng
thuong s& khcmg d4p tmg dugc chit lugng
didu khién yéu cau,

Hinh 1. Céu tric hé thong It tie dfng dua trén mé
hink du dodn Smith.

Mé hinh Smith dugc lya chon dé b
théi gian trd trong cc hé thong diéu khién
ddng [6-10] yéu chu d chinh xac cao. Xem
xét hé théng 14i thu thay cd cAu tric nhu
trong Hinh 1 trong ¢6 G, (s) 12 mo hinh dong
hoc thuc t€ cioa tau, G,(s) gia thiét 12 md
hinh nhifu t4c d6ng vao banh lai,z,(s)la
khodng thdi gian tr€ sau khi tin higu diéu
khien tic dgng vao banh l4i den khi by dien
khién phdn duge tin hiéu phin héi gs’)c léch
huong di. B du doan Smith bao gbm md
hinh mfaqum(s)vé thoi  gian  tré
maur, (s)duge thém vio chu tric cha hé
théing. Tir 46 ta tinh todn ham truyén ciia h¢
thang trong H.1 nhur sau:

¥, =[G,(5)+ G, ()¢ *Vu(s) @
Vou =G ™ uis) ®)
=G ™ -G ) (6)
75 =[G )+ G, (5N -G, ()™ ;
G (IWGS) 0

Gid sir ta c6 thé lua chon duge cac gid
tri danh dinh bang vm céc gid trj thirc te,
twong (mg véi 2 gid thiét sau:

Gia thiét 1: M6 hinh danh dinh cha déi
tugng chon chinh x4c véi mo hinh thye:

G, (8)=G,(s)+G,(s) ®)

Gia thidt 2: Thoi gian tf danh dinh

chon chinh x4c véi thoi gian tré thue:
CplS)=7,(8) 9)

Nhue viy, phwong trinh (7) tuong
duong;

Yy =G (s)u(s) (10)

Tir d6, ta c6 phuong trinh ham truyén
cuia hé kin nhu sau:

7,6 KNG, (©)+G, )™

s 1+K@EG,() an
2,00 KOG G o
() L+KGNG,(8)+G, ()] (12

_ R® rang anh hudng coa thoi gian € da
bi ddy ra khoi vong Iap kin dong nghia véi
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vige trigt tiéu hoan toan dnh huéng cua thoi
gian tré t6i tinh on dinh cua hé théng diéu
khién. C6 thé thay ring rét khé dat dugc didu
nay boi khéng thé xac dinh hoan toin chinh
xac md hinh vi thoi gian wé danh dinh cia
déi trgng. M6 hinh danh dinh c6 thé xée
dinh dugc bing thre nghigm nhung thoi gian
tré va nhidu tic dong vao dbi twong thi ludn
bién ddi va khong x4c dinh, vi vdy tim duge
thoi gian ted danh dinh va m6 hinh danh dinh
1a mét thach thirc d6i v6i cac nha thiét ké he
théng khi sit dung mé hinh dy bao Smith.

3. Tdng hep bé diéu khién bén vimg

Ching ta khong bao gi&r xc dinh duge
hoan toan cdc thdng sb cia mé hinh, va diéu
ndy s& gy ra rat nhiéu vin dé nghiém trong
trong diéu khién voi cac md hinh du dodn
Smith ¢6 str dung md hinh danh dinh.

3.1. M hinh rit gon va tiéu chufn
én dinh bén vimg

Trés lat vai bai todn ban dAu, tir phuong
trinh (12), ta co thé xdy dung lai mé hinh nit
gon nhu sau:

Hinh 2. Cdu triic rit gon hé théng Iii t dong dya
trén mé hinh dur docr Smith.

Trong d6 mé hinh danh dinh clia con
tau G ket hop voi hai ham hinh thic dai dién
cho cac thanh phan khéng xéc dinh cia mé
hinh thdt 1a # va #, dudi
dang G, + G, = W,GW, . Giai phap dé tim ra
b6 diéu khién bén vimg cho hé théng 1ai nr
déng tau thiy dua theo mé h’inh du doan
Smith dwéi  hinh thic t6i wuytheo
chudn H, dwge xéc dinh theo [6] nhu sau:

Bink Iy 3.1{6]: Xét md hinh hé théng
lai tw dong co cdu tric nhu trong Hinh.1
dong thoi thoa man Gia thiet 1 va Gia thiet 2
[6], tén tai b3 diéu khién ben vitng K néu dép
img hé bat ding thize tuyén tinh sau:

[Kﬂ d+GKy'M™!
]
Néu 7 >1, s¢ ddng thi tdn tai ma tran

<7 (13)

xéc dinh dwong R duge tinh todn tir céc bat
déng thirc:
R(A+1C)+(A+LCY R<0

(14

AR+RA —yBB" RCT -L
CR -yl I |<0 (15)

- 1 -yl

Trong 46 L=-2C7 noi Z2013 gidi
phap én dinh béi phuong trinh Riceati (19)
(Chitng minh theo dinh Iy 3.2 [6]).

3.2, Phirong phip téng hep bd dida
khién bén vimg

Vige tinh toan thiét ké bo diéu khién
bén vimg tuin theo cic bude co ban saw

Lura chon W, va W,

Mc Farlane vd Glover sao choy,, du

theo gidi phip cia

nho v thoa man bét déng thic (13).
Tinh toin ma trinR>0vi bién vo
hudmg ybang ciach giai cac bit ding
thirc (14), (15). Néu cac bét ding thirc
ma tran tuyén tinh (14), (15) ta
cOK =WKW,.

Bu‘a cac thong 56 thu duoc tir bd dleu
khién vao md hinh dé kiém tra tinh én
dinh va higu suat diéu khién.

4. Ude lrgng thoi gian tré diéu khién
str dung b diéu khién Neural nhén tao

Hinh 4. M6 hinh dy dodn Smith voi co ché wic liegmg
thot gian ding b) diéu khién Neural nhén tgo.
Trong Hinh 4, b wéc luong théi gian
tr€ bao gdm 2 phdn, md dun tinh online va
uée lugng ding mang neural nhén tao dugc
trinh bay trong [10].
S, M6 phéng
5.1. Thiét lap théng sb mé phéng
Mé hinh dfng hc_)c‘ tau thuy lya chon
nhu phuong trinh (3). Dau tién ta tinh todn



duge bién vé hudngy, =2.6207, lua chon

mirc 46 khéng xac dinh tuong tng 10%, khi 2
a6y =11y, =2.8828. Tir 6 tinh dwoc gi4 tri p
ciia ma trin trong sé R trong phwong trinh R R
(25) nhur sau: ”
[ 0.6444 -0.5835 -0.4553 0.1578] - "’ *J}.—%—'
R 01739 04307 -03686 0.1123 LS
-0.0390 -0.1105 07759 0.0215 e N
[-0.0997 02418 -0.1820 09482 Hiah 7. Bip ng he thong khi thar gian tr trung
Theo 6, bs didu khién bén vitmg duoc pish re[o-10]véinhifuntd oc[0-1].
; e ) Trucong h, IKhlthmlantrenho
tinh todn véi K = (4, B, C, D) tuong tmg: (Hinh 6) vag truogng hop thoi g%an 1é dLeu
—8.888 —36.154 -42319 0.260 khién 1ém hom (Hinh 7) he thong gift duge 6 én
2 —1822 2567 0 dinh sau mét s chu ky déu dao dong,
AT 0 374 -6ss 0
-3396 -16678 -1791 -0.874 [ e
-48.783 : T
e P
-19.7095 - J
[ (0 4245 09540 0.6466 -0.3073) '
D= HERF AR
M hinh th¥i gian 1€ ngu nhién [8]: Hink 8. Pap ting hé thong kh thon gian iré réi lom

. te[0-15]véi nhidu nhé we[0-1]-
7,(#)=03sin(3+0.1#) (23)

Vi t nghu nhién trong khoéng (0-10). o ===
Nhi€u tdc dong vio hé théng bao gém =

séng, gié, dong chay...lua chon mé hinh

nhiéu mdi trudng Piersnn-Mostkoviz [9]: N o
47° H (=]
S@)= e 2 ;
@)= arionya 07107)“ 0@ I
véi T, =0.80s,H =55mm,wld ham nghu e e
nhién dao dng thay d6i trong khoang (0-10).

A Hinh 9. Ddp img hé thdng khi thoi gian tré nho
5.2. Két qui mé phing re[0-5]vo nhidu trung bink o{0-5].
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Hinh 6. Ddp img hé thong khi thoi gian tré nho ) )
1[0 5] i nhibu nhé we [0-1] Hinh 10. Ddp img hé thong khi thii gian tré nhé
te [0 5]vdi nhiéu trung bink me[0-10].



Truomg hop 2: Tang dan anh hudng
cua nhiéu Ién hé thong (Hinh 9, Hinh 10) ta
thdy ca 2 phwong phap déu bi anh hwong &
rét, tuy nhién mé binh méi dwa ra bi anh
huéng it hon so v&i mé hinh dua ra trong [6].
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Hinh 1. Dip img hé lhang khi thot gian tré lom
te [0-16]vér nhidu lin we [0-10].

Triwdong hop 3: Khio sit véi truong
hop ca nhiéu tic dong vao hé théng lén trong
khi théi gian tré ciia hé théng ciing lon (Hinh
11) vén cho két qua tét hon [6).

6. Két lugn

Phuong phip dua ra giap hé théng lai
ty ddng tau thiy hoat déng khd &n dinh va
bén vimg Viéc ing dung co ché wée Tugng
thoi gian 1ré diéu khién sy dung mang Neural
trong thiét ké giup tang higu suat bu thoi gian
tré cita h¢ théng mét cich dang ké nhung
chua loai bo duge hodn toan anh hudng cia
nhidu trong qué trinh diéu khién. Huéng di
va giai thuat trong bai bdo nay 13 mdt huéng
mé ¢6 thé tiép tuc nghién ciru sdu réng hon
nhim thu duoc nhimg két qua kha quan hon
trong thai gian toi.
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