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PIEU KHIEN BAM TAU MAT NUGC BAT PINH MO HINH
VA NHIEU NGOAI THONG QUA BQ PIEU KHIEN HQC
TANG CUONG THiCH NGHI TRUC TUYEN VA RISE

Vil Van Ta b %, Pao Phuong Nam?, Phan Xuan Minh?

Tom tat: Bai viet de cdp toi cach tié}? cdn mot bo diéu khién bam quy dao ap dung cho
cho tau bé mdt ¢6 mé hinh bdt dinh va chiu anh hwong nhiéu si dung cau triic méi dwa
trén thudt todn hoc tang cuong thich nghi (ARL) va tich phan bén viing theo ham diu ciia
sai léch bam RISE. Dé ddam bao hiéu sudt bam tiém cdn, RISE dwoc sir dung trong thiét ké
diéu khién phan héi dé b cac thanh phan bdt dinh trong mé hinh va nhiéu loan bén ngodi.
Ky thudt hoc tang cwong thich nghi dong dwoc dp dung dé hiéu chinh dong bé mang no-
ron Actor-Critic ding dé xap xi diéu khién toi wu va ham chi phi twong ung. Su hoi tu cua
trong s ciing nhw van dé diéu khién bam dwgc phan tich dya trén [y thuyét t6i wu va ham
Lyapunov. Cudi cung, mo phong ky thudt s6 dwoc thuc hién dé ching minh sw hiéu qua
ciia thudt todn dé xudt.

Tw k}l()a: Diéy khiép t5i wu; Quy hoach déng thich nghi; Tich phén bén viing ham déu sai 1éch bam RISE; Hé théng
tau beé mat; Diéu khién bam quy dao.

1. PAT VAN PE

Trong nhiing thép ky qua, diéu khién bam quy dao cua phuong tién hang hai dé nhén dugc sy
chuy dang ké trong cong nghé hang hai va k¥ thuat diéu khién boi cac ing dung rong rai ctia no
nhu giao théng vén tai, khao sat moi truong, gidm sat va nhiéu tng dung quan sy va thwong mai
[1, 2]. Vi cac tau lam viéc trong diéu kién khic nghiét ciia méi trudong, hé thong diéu khién bam
quy dao phai d6i mit véi nhimng thach thirc khong nho do sy xuét hién ciia bat dinh mé hinh va
nhiéu loan bén ngoai [3, 4].

Tat ca cac nghién ciru trén 1 co so dé thiét ké thuat toan diéu khién bam quy dao dé giai
quyét cac vin dé nhu co ciu chép hanh bio hoa, du bao hiéu suét, nhidu loan moi truong va bat
dinh mo6 hinh st dyng mang no-ron va by quan sat. Tuy nhién, viéc tdi wu hoa hiéu suét chua
dugc nghién ciru day du. Bo diéu khién t6i uu khong chi giai quyét van dé diéu khién bam quy
dao cta hé théng phi tuyén ma con dam bao hiéu suit bam cua hé théng duoc téi uu hoa.

Trong nhimg nam gan day, giai thudt hoc tang cuong (Reinforcement Learnlng) da duoc phat
trién dé thiét ké bo diéu khién t6i uu cho mé hinh tau phi tuyén dua trén viéc giai phuong trinh
Hamilton — Jacobi — Bellman (HJB) vé&i nhidu cach tiép can nhu ciu trac Actor/Citic, k¥ thuat
hoc ting cudng tich phan truc tuyén (On Policy Intergral Reinforcement Learning),... [5-11].

Céc cong trinh [5, 6] da dé xuat thuat toan diéu khién tdi uru bang cach sir dung giai thuat hoc
tang cuong (RL) cho cac hé théng tau mat nudc cd dong hoc da biét. Thuét toan diéu khién tdi
vu dua trén giai thuét lip PI (Policy Iteration) va né c6 thé thu dugc cac gia tri xdp xi thich hop
cua cua ham chi phi va luat diéu khién duoc t6i uu hoa. Giai thuat RL dya trén céu tric mang no-
ron actor/critic (AC-NNs), trong d6, mang no-ron critic (critic NN) nhim wdc tinh ham chi phi
va mang no-ron actor (actor NN) duoc sir dung dé thiét ké dau vao phu hop va giam thiéu sai
1éch bam. AC-NN da dugc m¢ rong sang linh vyc linh vuce didu khién bam quy dao cho céc
phuong tién hang hai bao gdm tau thuy thiéu co cau chip hanh (USVs) va phuong tién tu hanh
dudi nuoc [10, 11].

Trong cong trinh [7], k¥ thuét dleu khién méi c6 tén 1a téi wu hoa Backsteppmg dua trén ky
thuat Backstepping két hop vé6i cdu trac AC-NNs dé thuc hién cac giai phap t6i uu hoa cho cac
hé théng con tuong tmg. Béi vi thuc hién cac giai phap tdi wu hoa cho cac h¢ con, trong cong
trinh nghién ctru nay céc tac gid str dung nhleu mang no-ron din dén t6n tai nguyén, tdc do hoi tu
giam, bd didu khién duoc thiét ké phic tap, tc do xur 1y ctia cic may tinh sé khong xir 1y kip cac
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tinh toan cua cic bo diéu khién. Tuy nhién, trong cac cong trinh trén vin dé anh huong cua cac
yéu té nhu bat dinh mé hinh va nhidu loan bén ngoai téi bd didu khién di thiét ké khong duoc
xem Xét.

Cong trinh [9] d& xu4t mot phuong phap diéu khién bam thich nghi dia trén ciu trac AC-NNs
cho USVs ¢6 thanh phan bét dinh md hinh, nhiéu loan mdi trudng va rang budc tin hiu dau ra
bang cach sir dung k¥ thuat chuyén doi sai 1éch dé xir Iy van dé rang budc sai léch dam bao rang
USV c¢6 thé bam chinh xdc quy dao bam. Dbi tuong ap dung cua cong trinh nghién ctru nay 1a
tau thiy thiéu co ciu chdp hanh khong phai tau thay du co ciu chp hanh.

Trong bai bao nay, nghién ciru s€ tap trung vao viéc giai quyét bai toan diéu khién téi vu bam
quy dao cho tau mdt nude du co cau chap hanh ¢6 md hinh phi tuyén bat dinh va hoat dong trong
moi truong c6 nhicu loan. B diéu khién bam phan hoi dugc dé xuat trén co so két hop hoc tang
cuong thich nghi dong ket hop voi RISE dam bao hé thong kin 6n dinh, bam quy dao va bu anh
hudng cia nhiéu cling nhu cac thanh phan bat dinh cuta tau.

Nhiing dong gop chinh ctia bai bao nay tap trung vao nhitng ndi dung sau:

1. Xay dyng dugc clu trac AC-NNs dé wéc lwgng ham chi phi va luat diéu khién t6i wru, luat

cap trong so ca hai mang no-ron dong bg trong thoi gian thuc.

2. BO diéu khién tdi uu duoc xay dung giua trén gidi thuat RL, b67 xung b(} udc luogng b‘ét
dinh mo hinh va nhi€u ngoai RISE. Bang cach nay, b6 diéu khién dé xuat dam bao diu
khién tbi uu bang thuat toan hoc tang cuong thich nghi dong cho phuong trinh HIB cho
hé c6 mo hinh bat dinh va chiu anh huorng ctia nhiéu.

3. B9 diéu khién duoc dé xuat cai thién téc do hoi tu cia sai s6 bam va do qua diéu chinh
nho. Su két hop cua RISE va hoc tang cuong thich ngh1 dong (Adaptive Reinforcement
Learning) trong thiét ké bo dleu khién t6i wu bam giup giai quyét duge van dé bat dinh
mod hinh va nhiéu, nhitng van d& ma chi st dung hodc ting cudng thich nghi dong chua
giai quyét duoc [5-7].

2. MO HINH TAU PONG HQC TAU MAT NUGC
Phuong trinh dong luc hoc ba bac tw do mé ta chuyén dong tau mit nude trong mit phang

ngang nhu sau:

{77 =J(n)v M

Mv+C(\V)v+D(V)v+g(n)+d(t) =7

Trong d6: n=|z, y,w]T biéu thi véc-to vi tri va hudng trong hé truc toa d6 Trai dat (n-frame),
v=[u,v, r]T biéu thi véc-to van tdc dai va van tdc gdc trong hé toa d6 gin than tau (b-frame) va
J(n) ma tran chuyén déi va la ma tran truc giao J*(n)=J" (), M =M" la ma tran quéan
tinh hé théng, C(v) =—C" (v) ma tran Coriolis va luc huéng tam hé thong, D(v) ma tran suy
giam thuy dong luc hoc, g(n)eR® la vécto luc didy va luc trong truong,
d(t) =[dl(t),d2(t),d3(t)]T véc-to cua nhiéu ngodi bién ddi theo thoi gian (gio, séng, dong chay
dai duong,...) 7=[z,,7,.7, ]T la véc-to ctia dau vao diéu khién. Cac ma tran M,C(v), D(v) va
ma tran J(n) nhu sau:

cosy —siny 0 0 0 -cp
Jm)=|siny cosy O Cw)= 0 0 cCypy |;
0 0 1 Cz —Cy3 O
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d, 0 0 m, 0 0
D()=| 0 dy dy|s M= 0 my my|.
0 dj dg 0 my my

Dé thuan tién trong viée thiét ké bo diéu khién, chuyén doi dong hoc cia hé (1) thanh phuong
trinh sau:

M(n)ij + C(n,7,v)0+ D(n,v)7+g(n) + 7,(1) = 74 2

Trong d0: M2J "MJ Y, C2J 7 (C-MJ ' J)J*, DEJ DI, g2J g, 7,274,
T4 2J 7. Su phét trién cia md hinh (2) dya trén cic gia thiét 1a  va v la do duogc va
M, C, D, g va 7, 1a nhiing ham chua biét.

Gia thiét 1: Véc-to vi tri va huong n va dao ham 7 cia né bi chin boi hang sé dwong
.17, € R*sao cho ||n||<7.[|7| <7, .

Gia thiét 2: Néu n,7 bi chan thi tat ca nhing ham nay C(n,7,v), D(n,v),g(n) bi chan.
Hon thé, néu m,m bi chan thi dao ham riéng phan bdc nhat va bdc hai cua cac thanh phdn
C(n,7,v), D(n,v), g(n) theo n latén tgi va b chan.

Gia thiét 3: Quj deo mong muon n, duwoc thiét ké sao cho dao ham theo thoi gian thi i cua
n,Vi=0, 1, ..., 4 laton tai va bj chan.

Gia thiét 4: Thanh phan nhiéu phi tuyén va dao ham bdc nhat, bdc hai cia n6 -, ,+,,#, bi
chan béi hang sé da biét.

Gia thiét 5: Voi 1y la mot quy dao dat b chan va gia thiét rang ton tai mot ham Lipschitz
toan cuc hy(.) thoa man %nd =hy(my), 1y =hy(ny) -

Sai l1éch bam quy dao cua tau mat nudc dugc tinh nhu sau:
€ ="1y—1 3
Dé tao diéu kién cho viéc phan tich tiép theo, cac sai s6 bam da dugc loc, ky hiéu l1a e, € R®
duoc dinh nghia la:

e, =€ +N\e 4)
Thiét 1ap sai s6 bam quy dao di loc duoc dinh nghia:
r=¢&,+4e, (5)

Trong d6, A, e R*® >0, 4, e R* 1a mot s6 duong.
Dé phat trién mot mo hinh khong gian trang thai cho sai 1éch bam trong (3) va (4), dao ham
theo thoi gian (4) sau d6 nhan hai vé véi M va thay thé (2), (3) vao ta duoc:
Me, =—(C +D)e, + f+T, — T, (6)
Trong d6, ham phi tuyén fa(mn,e,ng, Mg, 7,) € R® duogc dinh nghia nhu sau:
f & M(ijy + \&) +(C+ D)7y + Ney) + 3 ()

Dé thuan tién triét tidu cac dai lugng trong cong thire dau vao diéu khién cua hé duoc thiét ké
nhu sau:
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Ty=f+T,—u (8)
Két hop (4), (6), (8) va dua trén gia thiét 5 chuyén d6i tir mo hinh phu thudc theo thoi gian
thanh mé hinh khong phu thudc thoi gian, véi bién trang thai méi X = [ef 5,1y, Ty ]T dugc hé

mai nhu sau:

e A€ t+ € 055

_MNC+D)e, | |81
dle _ (C+ D)e, N u )

dt| nq hy(ng) 055

ff]d hd (’rld ) 03><3

C06 thé viét lai hé méi nhu sau:

%XZF(.X)-FG(X)'U, (120)

Trong d6, tin hiéu u dugc thiét ké bang cach s dung thudt toan diéu khién t6i vu cu tric
ARL d¢ to6i thiéu hoéa ham chi phi.

3. THIET KE BQ PIEU KHIEN CHO TAU MAT NUOC
3.1. Hoc tiing cwong thich vng thiét ké dya trén diéu khién t6i uvu
B diéu khién u dugc thiét ké dé tdi thiéu ham chi phi:

V(X,u)= T(Q(X) +u' Ru)ds (11)

Trong d6: Q(X)eR* >0, Q(X)=X'Q X, Q; cR**?; RcR*?,
Theo 1y thuyét vé phuong trinh Hamilton — Jacobi — Bellman (HJB) kinh dién bo diéu khién
t6i wu w (X) va ham chi phi t6i wu tuong img V' (X) duoc suy ra nhu sau:

w(X) = —%R‘lG(X) v (X) (12)
V(X u) = min j (X"Q; X +u' Ru)ds (13)

Do do, viéc hoc truc tuyén dua trén giai phap truc tuyen duge xem xét bang cach s dung
mang no-ron dé xap xi ham chi phi t6i vu va bo diéu khién tbi wu twong dwong [12]:

. . 1 op e
VIX)=WT¢p(X)+e,(X);u (X)=—=R'G" (X W+| —2 14
(X) o(X) +e,(X);u (X) > ( )[(axj (ax]} (14)
Gia thiét 6: Ma tran G(X) trong biéu thirc la da biét va bi chdn, ton tai mét hang s6 dwong
da biét G e R, thoa man 0<||G(X)|<G.

Gia thiét 7: Cdc trong s6 Iy twong W 14 bj chan bsi mét sé dicong chwa bict W eR*,
W<
Gia thiét 8: Véc-to ham tic dong ¢(X) va dao ham riéng theo X bj chan.

Xét s6 no-ron ¢b dinh N, mang no-ron Critic V(X) va mang no-ron Actor a(X) dugc st
dung dé xp xi ham chi phi va bo diéu khién t6i vu nhu:
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V(X) =W $(X);a(X) =—%R1GT (X)(%] A (15)

Luat thich nghi cta cac trong sb mang no-ron Critic Wc va mang no-ron Actor Wa duoc

thuc hién dong thoi dé giam tich phan sai s6 binh phuong Bellman Onp tuong tmg:

- \ ;
Syp =H X |- x| e w2 [ 22 eriGT| 22
0X 0X 4

0X 0X
.
% \gr6T [ L | - % (R gu)
alox ox) \ox

Trong do: w(X,ﬁ)zj—;?(F-kGﬁ); FX)=F; G(X)=G.

(16)

Trong tai liéu [12], luat cap nhat cho trong sé WC cua mang no-ron Critic dugc dua ra nhu sau:
d -
am = ‘(znom + Aper (17)
Trong d6, ., (W,,t) 2 —k Typeh’ W,
N
FINEYS S (%JG(X)R-@T (X)(%j W,
l+yw Tw| 4 o0X o0X

1( oe, (08 ) (O, .
—Z(aXJG(X)R G (X)(a—Xj (aXJ(F(X)JrG(X)u )}

Véi k,,7 €R 1a cac sé duong, T e RMN 1a ma tran hé s6 udc lugng dbi xtmg duge tinh va
¢6 thé bi chan nhu sau [12]:
d w

—I'=-kI——TI;T(t")=I'0)=¢,I 1
dt c 1+;/wTI‘w (r) ( ) Do ( 8)
Luat cap nhat thich nghi cho mang no-ron Actor dugc mé ta nhu sau:
d = L (00 apia (28 oo _vi v
—W,=-k,———|—|GR G | — | W,-W.)o,, —k,,(W, —-W,) (19)
dt a alm[an 0xX a c/%hjb a2 a c

Trong d6: W, =W -W_;W, =W -W, va (t) = la véc-to woc tinh hdi quy

Y
«fl+ yw' Tw
ctiia mang Critic tiéu chuan héa bi chan bai:

1
[+l <

7P
Su hoi tu cua cac trong s6 ude lwong bai mang no-ron Actor/Critic Wa va Vf/’c phu thuéc

Y
«f1+ yw' Tw
to+o
a,I > j P(s)y" (s)ds > ey I, ¥ty > 0,4 > 0,0, >0 1)
f
3.2. Thiét ké by diéu khién phan hai RISE
Nhan hai vé cia (5) véi M va két hop véi cong thic (7), ta duoc:

(20)

vao diéu kién PE boi eR" trong [13].
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Mr=—(C +D)e, + f +T,—T4 + ,,Me, (22)
Thiét ké diéu khién (8) dugc hoan thién bang cach udc luong f + T, dugc thiét ké dua trén
khung RISE [14].
px A= f+1, voisai léch ||u — A|| <o, v0 cung nho (23)
Dé tao dicu kién cho phan tich on dinh ciia hé & phan tiép theo, ta dinh nghia mot ham phu
fi(Mmy,m4,704) € R? nhu sau:

fy = M(ny )ity +C(n4,9,94)7 +D(1g,94)71 +9 (1) (24)
Hém f(n!,f’!nd 17;’(] ”ﬁd) ERa ChO bé’l
F=r-1 ’ ’ (25)
Thay (8), (24) va (25) vao vé phai (22) va dao ham hai vé thoi gian c6 thé viét lai nhu sau:
Mﬁz—%ﬂr+N+ND—ez—u (26)

Trong cong thuc (26) ¢6 N(W,,ny,7q. 71 ,€1,6,,€,€,,7,), Np (Wa 14,714 €,€,,1) € R 1A
cac thanh phan phu duoc dinh nghia nhu sau:
OH(W,,X) .

N:-(5+B)ez—(5+ﬁ)é2—%]\;lr+f+/12]\;/.fez+ﬂzl\7[é2+ez+ ox X-po (27)
. . OH(W,X)_:
Np =f, +~rn+—av§ W, (28)

.
Trong cong thuc (27): uw=u(X) = —%R-lcf (X)(aa—;ij W,=HW,,X).

Theo dinh Iy gia trj trung binh (Mean Value Theorem) va cAc gi thiét 1-8 ¢6 thé sir dung cho
gidi han trén cho nhém cac thanh phan phu:

[N < ool i Vo | < . o | < &, 29)
y) €R 1a mot ham khong giam, kha

Trong do, y=|:elT e r]T eR®. Ham gi¢i han p(

nghich toan cuc duong. Dwa trén cong thuc (26), thanh phan diéu khién g duoc thiét ké dua trén
RISE [14] nhu sau:

=7, +f =k +1e, - (k; +1)e,(0) - 4(t) (30)
Vai k, eR", g, eR", &(t) e R®duoc tinh béi phwong trinh toan hoc sau:
6(t) = (k + D de, + Aisgn(e;) (31)

d(t)
Surface Vessel

Dynamic |V 1
Subsystem

Hinh 1. Cdu triic diéu khién ARL-RISE cho mé hinh tau thiiy.
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3.3. Phat biéu dinh Iy va chig minh tinh 6n dinh ciia h¢ kin

Dinh ly 1.1, H¢ thong diéu khién kin bao gom mé hinh tau thiy (1) va (2) thoa man cdc gia
thiet 1-8 bo diéu khién ARL-RISE (8) voi ludt diéu khién RISE (30), ludt dieu khién toi uu (15),
lut cdp nhdt trong sé (17), (19), tin hiéu véc-to (t) théa man diéu kién PE (21), cac tham
50 thiét ké dwoc chon nhwr sau:

1 1
ﬁ“min(Ai)>§;22 >1;ﬂ1>§1+zégz (32)
Dam bao:
1. Sai 56 ciia cdc trong s6 cdc mang no-ron Actor-Critic Wc va Wa sé UUB.

2. Sai s6 bam y e R? ciia hé thong tau mat mede ciing UUB.
Chirng minh Pinh ly 1.1: )
Chon ham ung vién Lyapunov cho toan b hé thong (2):

VL=%frTl\7Ifr+PJr%elTel +%efe2 +V° +VC(I/f/'c,t)+%vf/;TWa (33)
Véi V™ 1a ham chi phi téi wu (14), ham phy P dugc dinh nghia [14]:
n
P=4) le;(0)—e] (0N (0)-L (34)
i=1

Trong cong thie (34), L=7" (N — 3,59n(e,)) . Pao ham V| theo thoi gian, thay thé (4),
(26) va (34) vao thu duoc:
V, =V, +V, =—e/ A\ e +ele, —\ele, +T’TN—(kS +1)7’Tr

* * o 35
N pe Y gy N, N Q0m+a—v~°4|per—VVaTI/Va (39)
o0X 0X o ow, oW,
Lai co6:
ZLXF = gLXGu* -Q(X)-u" Ru’ (36)
, oV~ " 1, 2 1, 2. 2
Trong  do: EGz—Zu 'R, ee S§||el|| +§||€2|| ; 61T)\161§/\min()\1)||61|| ;

heye, <hle| i (ke +DrTr <k + s #TN < p(lylr{l].
Str dung céc biéu thirc (19), (26), (29), (30), (31), (36) va thay thé w”, .8, , Ay, bing cich

st dung céc cong thite (14), (15), (16), (17) tuong tmg, c6 A, £ min {()\min A)- %j,()\z _ %) ,1}.

<\ ’ .o <A ) ’ « R ’ s 5 - A A 1
Tir cac gia thiét 6-8 c6 phat trién cic gidi han, chon ¢, >k kK, , str dung bién doi ab < ya® + 4—b2

2
va lya chon 0<6O<L), —%li’”)>o:>||y||< pH(2Mk,) vao biéu thic (35), V, bi chin
nhu sau:
Vi <Al — QUE) — (L 0)(e —kakok) [W2 | koo [

1 kc 0 2 i 2 (37)
+ 206, —kkky) Cy 2ron K + K KiKoKs + KoKk, + Kk |+ Kk KoKy +K,
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Trong do: V, (Wc,t) thoa min cic bat dang thic dugc xay dung trong [12], bién dbi

2
P (||
il

()
k

2
>0:>A4=min[A3 ]>0:>)\4s[)\3—%} Ta dinh nghia véc — to

S S S

2= [yT w W) ]T dé phan tich van d¢ sai léch bam cua hé kin. C6 thé thay rang, ton tai 2
ham l6p K la o va a théa man:

a5 (|2]) < M\ [y + QUX) + (L—0)(c; — keakiky ) [ W

Dua trén biéu thirc (38), bit ding thirc (37) duoc viét lai thanh:

W,

" ko [ WL < (2] (38)

2
. 1 kc¢0 2 2
Vi <—a5(|2]) + Cu ko Karkikaks +KagkfHy ek |+ Kok +K

46(c, — Kk k.k,) Yo, *(39)

C6 thé thdy o ring, V, () 12 am néu z(t) ndm ngoai mién hip dan:

2
K
Q.22 <a? L [c ad) k3+ka1k1k2k3+ka1k12k2+kalkl]

® 40(c; —kykik,) * 2x} re (40)

hagkkoks + K, )|

Tur (40), ta co ||z|| tién tir z(t) tién dén €2, 1a mién hap dan. Goi T la thoi gian z(t) tién vao
. Ta phai chung minh T hira han, khi t, <t<T c0 V, ¢ cong thuc (33) don di¢u giam dan
tir V, (t,) dén V,(T). Khi do, ta c6 thé ky higu V, (t,) =c,V, (T) =¢,0 <& <c dinh nghia céc tap
compact sau: 2. ={V, (z)<c}, 2 ={V () <&} A={e <V, (2)<c}.

Str dung bat phwong trinh sau:

V, (2,t) <-W,(2) (41)
W, (2) 1alién tuc va x4c dinh duong, ta co:
k=minW;(2) >0 (42)
Tir (41) va (42) thu dugc bat dang thirce sau:
V(z,t)<—k,VzeAVt>t, >0 (43)
Tich phan hai vé (43) ta duoc:
V (z(t)) <V (2(t))) —k(t—t,) <c—Kk(t—t,) (44)
Nhu vay, z(t) € A trong khoang thoi gian [ty,t, +T] voi T dugc xac dinh tur:
V(z(T)=c=c—Kk(T -t))=>T=(c—-¢)/k+t, (45)

va hién nhién n6 1a hiru han.
4. MO PHONG, TiNH TOAN, THAO LUAN

Bai béo thyc hién mo phong s6 trén phin mém Matlab véi md hinh tau duge thu nho véi ty 1¢
so voi tau that 1:75. Khoi lugng cua tau 1a m=21 (kg) chiéu dai va chiéu rong tuong trng la 1.2
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m va 0.3 m, véi cac tham s6 duoc tham khao trong tai ligu [7]:
C;3(V) ==19v—-0.72r; c,5(v) =20u; ¢4 (V) =19v+0.72r; c;,(v) =—20u
dy; (v) =0.72+1.3|u +5.8u%; d,,(v) =0.86+36|v|+3]r]|
dys (V) =—0.1-2|v| + 2|r[; dgp (v) =—0.1-5|v|+3|r[; dz5(v) =6+4|v| +4]r|
M=[20 0 0; 0 192 072 0 072 27],, g,(n)=9,(n)=095(n) =0
Cac tham s diéu khién duoc chon:
k, =0.01, k. =2,k , =50, y=0.01, \, =60, 8, =5, k, =100

Mang no-ron Critic va Actor ¢ sé no-ron la N =12, nhiu ngoai thoa man gia thiét 4 duoc
lay nhu sau:

d(t) = {4 +1.5sin(0.8t) +1.5cos (O.St + %);4 +sin (t + %} +1.2c0s(0.6t); 4 +5sin (0.8t + %H

T T
Tracking Trajectory

20+ - - - ‘Desired Trajectory

0 10 20 30 40 50 60
xX [Ill]
Hinh 2. Quy dao bam véi mé hinh tau thiy cé bt dinh
va nhiéu ngoai su dung bo diéu khién ARL-RISE.

s Critic NN Weights s Actor NN Weights
10 10
[ (
s =5
TR i
] j 0 |
e L= —
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
Time(s) Time(s)
Hinh 3. Su héi tu ciia ma trdn trong so Hinh 4. Su hoi tu ciia ma tran trong so
mang no-ron Critic. mang no-ron Actor.
—_ I)-2 T T T
]
£
T 0
g
o 0.2} ¢ Tracking Errors Axis x
@ e Tracking Errors Axis y
E _0.4‘7 —y Heading Tracking Exrors | |
F 1 1 1 1 |
0 10 20 30 40 50 60 70 80
Times (s)

Hinh 5. Sai léch bam quy dao theo truc x,y va theo goc 1.

18 V. V. Tu, . P. Nam, P. X. Minh, “Diéu khién bam tau mdt nwdoc ... truc tuyén va RISE.”
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<

10

E 60 T T T T T T T

g w0 — ) -
4; | : - - RISE

= 20 :L [ Estimate Errors| |
w 1

= 0

=

Z20F 1
Q 740 1 1 1 1 1 1 1

20

30 40 50 60 70 80
Time (s)

Hinh 6. Udc lieong nhiéu ngoadi va thanh phan bat dinh f, +7,, béi bg RISE

va sai léch woc luong.

— 6+ 7,
—— Estimate Errors

Disturbances Estimate
(=)

0 10

20

30

40

50

60

70

80

Time(s)
Hinh 7. Usc lwong nhiéu ngoai va thanh phan bat dinh t, +,, boi bo RISE
va sai léch woc luong.

I T T T T T
g 40 —-rT)
E | RISE
E 20 — Estimate Errors
5 L
g 0 HII
==}
<
'§ 20} -
b7
A -40 F .
1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80

Time(s)

Hinh 8. Uéc hieong nhiéu ngodi va thanh phan bat dinh f,+7,, boi bg RISE
va sai léch woc luong.

Trong két qua mé phong ciia thuat toan, dap tmg dau ra bam quy dao ctia tau mat & Hinh 2 ¢6
chat luong rat tbt, tau bam quy dao dit. Pap ung quy dao ban diu cua tau con cé sai léch bam
theo x,y,v la O[m][rad]+0.5[m][rad] trong thoi gian 7s thé hién trén hinh 5. Sau khi thu thap
du dong hoc cua hé théng dé tinh toan ma tran trong s6 cua mang no-ron, sau dé tinh toan luit
diéu khién téi vu cho tau mit nudc, sai léch bam theo X, Y, vé xép xi vé 0 thé hién trén cac
hinh 5, ma tran trong s6 cua mang no-ron hdi tu nhu hinh 3, hinh 4. Cac hinh 6, hinh 7, hinh 8
wdc lugng nhidu ngoai va phan bat dinh mé hinh cta b RISE c6 sai s6 nho. Nhu viy, b didu
khién bam tbi wu dua trén thuit toan ARL — RISE hoan toan déap tng yéu cau diéu khién bam
quy dao cua hé théng tau mit nude.
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5. KET LUAN

Bai bao di dé xuit mot b dicu khién bam thich nghi méi cho tau bé mat cé6 md hinh bat dinh
va chiu anh hudng cia nhidu dya trén k¥ thuat hoc ting cudng thich nghi dong va RISE. K¥
thuat hoc ting cuong thich nghi dong nham xac dinh diéu khién ti wu bang phuong phéap xép xi
nghiém ctia phuong trinh HIB, RISE dé bu thanh phan bat dinh va nhiéu. V&i cach thiét ké nhu
vay, bo diéu khién t6i wu dugc dé xuit trong bai bao nay c6 thé ap dung cho 16p md hinh phi
tuyén bét dinh, c6 nhiéu tac dong. Cac két qua dat dugc ciia bai bao da duoc ching minh bang ly
tuyét va mo phong s6. Cac két qua nay cho thay hiéu quéa ctia bo dicu khién dé xuat va kha ning
g dung trong thyc té ciia bd diéu khién nay.
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ABSTRACT

TRACKING CONTROL FOR UNCERTAIN SURFACE VESSEL
WITH EXTERNAL DISTURBANCE VIA ON-POLICY
ADAPTIVE REINFORCEMENT LEARNING — RISE CONTROLLER

This article addresses a trajectory tracking control approach for uncertain/disturbed
surface vessels using the new structure of adaptive reinforcement learning (ARL)
algorithm and Robust Integral of the Sign of the Error (RISE). To obtain an asymptotic
tracking performance, a robust integral of the sign of the error (RISE) feedback term is
introduced in feedback control design to compensate for the uncertain components in the
model and external disturbances. The adaptive reinforcement learning technique is
proposed by tuning simultaneously the actor-critic network to approximate the control
policy and the cost function, respectively. The convergence of weight as well as tracking
control problem was determined by theoretical analysis. Finally, the numerical example is
investigated to validate the effectiveness of the proposed control scheme.

Keywords: Optimal Control; Adaptive Dynamic Programming (ADP); Surface Vessel (SV) systems; Robust Integral
of the Sign of the Error (RISE); Trajectory Tracking Control.
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