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DIEU KHIEN BAM TOI UU BEN VI'NG DUA TREN ADP
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ADP-BASED ROBUST OPTIMAL CONTROL OF ROBOT MANIPULATORS
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TOMTAT

Bai bao dé xudt mot so do diéu khién bam t6i vu bén viing dua trén ADP
(Adaptive Dynamic Programming) cho tay may robot. Dau tién, luat diéu
khién truyén thang duoc thiét ké dé chuyén doi bai toan diéu khién bam tdi
uu bén viing cho tay méy robot thanh bai toan diéu khién tdi uu bén viing cho
hé phi tuyén affine. Sau do, luat diéu khién phan héi dugc thiét ké dé xac dinh
udt diéu khién t6i uu va ludt bi nhiéu. Thudt todn dam béo rang cac sai s6
bam la 6n dinh UUB (Uniformly Ultimately Bounded), trong khi ham chi phi
hoi tu dén gia tri t6i vu. Cudi cing, hiéu qua b diéu khién dé xudt dugc kiém
chiing thong qua két qua md phang.

Tir khod: Tay mdy robot; hoc tang cuong; quy hoach déng thich nghi; diéu
khién bdm; diéu khién t6i uu bén viing.

ABSTRACT

This article proposes a robust optimal tracking control scheme for robot
manipulators based on ADP (Adaptive Dynamic Programming). First, the
feedforward control law is designed to convert the problem of robust optimal
tracking control for the robot manipulator into a robust optimal control
problem for an affine nonlinear system. Then, the feedback control algorithm
is designed to determine the optimal control and disturbance compensation
laws. The algorithm ensures that the tracking errors are UUB (Uniformly
Ultimately Bounded) while the cost function converges to the optimal value.
Finally, the effectiveness of the proposed controller is verified through
simulation results.

Keywords: Robot manipulators; Reinforcement Learning (RL); Adaptive
Dynamic Programming (ADP); Tracking control; Robust optimal control.
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Nguyén Dic Dién'", Lai Khac Lai?

CHU VIET TAT
ADP Quy hoach dong thich nghi
PD B6 diéu khién PD
NN Mang no-ron
RBF Mang RBF (Radial Basis Function)
HJB Phuong trinh Hamilton-Jacobi-Bellman
HJI Phuong trinh Hamilton-Jacobi-Issac
HOTC Bo diéu khién bam téi uu H..
SRBF B6 diéu khién truat thich nghi si dung
mang RBF
1. GIGI THIEU

Tay may robot da tré thanh thiét bi quan trong va
mang lai hiéu qua vugt troi trong day chuyén san xuat,
linh vuc y t€, va dich vu. Vi vay, viéc thiét k& bo diéu khién
dé nang cao chat lugng diéu khién cho tay may robot
luén nhan dugc su quan tam clia cac nha nghién ctu [1].
Trong qua trinh lam viéc, tay may robot bi anh huéng bai
nhiéu bén ngoai, thay déi trong luong tai, ma séat phi
tuyén, nhiing thay déi khéng mong muén vé thong sé
mo hinh clia hé thong. Do d6, thuat toan PD (Proportional
Derivative) bu trong trudng [1] truyén théng khong dam
bao hiéu suat diéu khién. Cac bo diéu khién nang cao da
dugc nghién cdu va 4p dung cho tay may robot [2-4].
Trong [2], b6 diéu khién trugt dugc thiét ké cho tay may
robot vGi cac tham sé bat dinh va nhiéu ngoai. B6 diéu
khién trugt dau cudi dua trén ky thuat cudn chiéu da dugc
dé xuat trong [3,4]. Cac bo diéu khién thong minh dua
trén diéu khién ma, diéu khién mang noron (NN - Neural
Network) két hop véi bo diéu khién trugt cling da dugc
ung dung cho tay may robot [5, 6]. Van va Ge [5] da su
dung bo diéu khién trugt ma thich nghi, Jie va cac cong
su [6] da dé xuat bo diéu khién trugt dau cudi két hap véi
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mang RBF (Radial Basis Function). No6i chung, cac b6 diéu
khién trén da dam bao hiéu qua chat lugng bam quy dao
cho tay may robot véi cac tham sé bat dinh va nhiéu
ngoai. Tuy nhién, chung khong t6i thi€u ham bat ky ham
chi phi nao, ttic la chung khong téi uu.

DaGi véi bai toan diéu khién t6i uu, ta can giadi dugc
phuong trinh HJB (Hamilton-Jacobi-Bellman). Mét giai
phép cho diéu khién t8i uu bén viing la diéu khién t&i uu
H., ta can gidi dugc phuong trinh HJI (Hamilton-Jacobi-
Issac). Tuy nhién, van dé gidi phuong trinh HJB/HJI phi
tuyén la moét thach thuc. Gan day, ADP, mot phién ban
cla hoc tang cudng la mét phuong phap hitu ich dugc st
dung dé xap xi truc tuyén nghiém cla phuong trinh
HJB/HJI [7, 8]. Trong [9], mét bod diéu khién bam téi uu
dugc thiét ké cho tay may robot, trong do6 bé diéu khién
st dung cau tric ADP vGi hai ham xap xi sir dung 2 NN,
nhung nhiéu ngoai chua dugc loai bo. Trong [10], mét bd
diéu khién bam téi uu bén viing da duoc dé xuat, thuat
toan bao gém b diéu khién téi uu va bé udc lugng nhiéu,
trong d6 bo diéu khién téi uu st dung cau trdc ADP véi 2
NN. Trong [11], bd diéu khién bam téi uu H.. dugc xay
dung, trong d6 bo diéu khién st dung ciu tric ADP vGi
ba ham xap xi stt dung 3 NN. D& gidm chi phi tinh toén,
trong [12], mot thuat toan diéu khién bam téi uu chi s
dung mot NN duy nhat da dugc dé xuat, tuy nhién nhiéu
ngoai lai khong dugc dé cap. Bai bao nay gidi thiéu mot
b6 diéu khién bam téi uu H.. (HOCT - H.. optimal tracking
controller) cho tay may robot trén ca s& ADP, luat diéu
khién truyén thdng mdi dugc dé xuat dé chuyén déi bai
toan diéu khién bam cho tay may robot thanh bai toan
diéu khién t8i uu H.. cho mot hé phi tuyén affine va luat
diéu khién t8i uu H.. dugc thiét ké trén ca s& ADP, trong
dé luat diéu khién chi st dung mot NN duy nhat thay vi
ba dé€ giam chi phi tinh toan.
2.COSOLY THUYET
2.1.DPong luc hoc tay mdy robot

Xem xét tay may robot n bac tu do véi phuong trinh
dong luc hoc dugc trinh bay nhu sau [1]:

MWD + C, ) + G(Y) +Fp) =TT, (1)

trong d6 Y € R™ 1a vector vi tri goc khép, Y e R™ Ia
vector van téc goc, PER™ 1a vector gia téc goc,
M@)eR™™ la ma tran quan tinh d6i xing xac dinh
duong, C(y,)ER™1a ma tran Coriolis va ly tam,

G(p)eR" la vector luc trong trudng, F(Y)eR" la vector

ma sat, T€R"'la vector mé-men tac dong lén cac khdp
T, € R™ la vector nhiéu ngoai.
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Thudc tinh 1: M), C(W, ),
m, <[MW)|<m,, |[Cw, )| <b.,
m,, be, bg 1a hang s6 duong.

G(Y)[| < b, la bi chan bai

G(p)| < b, , trong d6 m,,

Thuéc tinh 2: 10 ¢6 nang lugng hiru han, nghia la
T, €L,[0,T], 0<T<o0.

Dé thuan lgi cho viéc thiét ké bo diéu khién, dong luc
hoc (1) dugc bién déi thanh mét hé théng phi tuyén phan
ho6i nghiém ngat nhu sau:

b =", (W) +g,W 2
0="f,(p,v)+g,WV)T+kK, (V,V)T,

trong do, u la vector van toc géc cla bién khép,
f.(W)=0,,.9,W)=l, fu)=-M"(Cu+G+F)eR™,
g, (P,u)=M"eR™, k, (pu)=-M"TeR™".

Thudc tinh 3: f,(,u) bi chan bdi |[f,(p,u)|<—b|u],

min /

9,(W,u) va k,(p,u) la bi chan, tic 1a |g,W,v)|<m,;

[k, (W,v)[| <m_, , trong d6 br la mét hang s6 duang.

Gid thiét 1: Quy dao vi tri tham chiéu g, (t) la tron va
bi chan.

Muc tiéu chinh cla bai toan la thiét ké luat diéu khién
bam t6i uwu cho hé théng (2), sao cho
tIi%rIl"qJ(t)—qu(t)"—> 0 khi nhiéu ngoai bang 0. Tuy nhién,

cac nhiéu ngoai la khac khéng; do d6, muc tiéu la thiét ké
luat diéu khién dé lam cho cac sai s6 bam bi chan bai do
loi L [13].
2.2, Thiét ké bo diéu khién bam t8i uu bén viing

Bo diéu khién bam t6i uu bén viing cho tay may robot
g6bm hai thanh phan, dé la luat diéu khién truyén thang
va luat diéu khién t6i uu bén viing. Luat diéu khién truyén
thang dugc thiét ké dé xay dung dong luc hoc sai s6 bam
cho tay may robot, sau dé bai toan diéu khién bam t6i uu
bén viing cho tay may robot dugc chuyén thanh bai toan
diéu khién t6i uu bén viing cho hé phi tuyén affine. Luat
diéu khién t8i uu bén vimng dugc thiét ké trén co s& ADP,
bao gém luat diéu khién t&i uu va luat bu nhiéu.

2.2.1. Thiét ké luat diéu khién truyén thang

Trong phan nay trinh bay cac budc chuyén déi hé (2)
sang hé phi tuyén affine tuong duong bang cach ap dung
ky thuat cuén chiéu [14]. Dau tién ta dinh nghia cac bién
m&i nhu sau: v, =v, +U;, T=T +1°, trong d6 v, la
vector dau vao diéu khién o, v, la vector dau vao diéu

khién 4o t6i uu, v; la vector du vao diéu khién do truyén
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thang, tla vector dau vao diéu khién thuc, T* 1a vector dau
vao diéu khién thuc t8i uu, T la vector dau vao diéu khién
thuc truyén thang. Binh nghia cac sai s6 la e, =Y —,,

e, =U—u,.Ldydaoham e, va e, chingta cé:

&, =—U, +9,Wu; +9,WU; +9,We,
e, =—0, +f (Y, u)+g,W,V)T+g,Y,L)T +k, (Y,U)T,

3)

Céac dau vao diéu khién truyén thang dugc thiét ké
nhu sau:
Vaa :9;1(111)(/\1% -+, +f¢(e¢))

4)
T, =g, Wf,(e,.€,)+0, —f, (W) —g(We, —Ae,

Thay (4) vao (3), ddng hoc sai s6 bam tra thanh

e, = f(e,.e,)+9,Wu)T +k, WU, — g, (W, 5
e, =f,(e,.e)+g, WV, +g,We,

trongdo f (e, e,))="f,(e,)+Ae,,
f.(e,e)="f(e,.e)—Ae,

BG dé 1: Xem xét ddng luc sai s6 bdm sau
z=1f, +g,u +k,d (6)

trong do,

z=[e,,e;] €R™, §, =[f(e,.e,).{ (e, e ] € R,
u* _ [UZT,T*T] c §R2nx1 ) u, = [UZaIT:]T c §R2nx1 .
9,, =diagd[g, ().g, V)| "™, k,, =diaglk, ).k, (V] R,
d=[0,,.,t; 1" €R*™". Gid su lugt diéu khién t6i uu u” duoc
thiét ké 6n dinh hé théng (6). Trong trudng hop nay, bai todn
diéu khién bdm téi uu H.. cho hé théng (2) duoc chuyén ddi
thanh bai todn diéu khién t6i uu H.. cho hé théng (6) la
tuong duong.

Chung minh: Chon mét ham Lyapunov cho hé théng
(2) nhu sau:

1. 1,
Vi=sepe,toes, 7)
Ldy dao ham (7) doc theo (5), ta c6 dugc:

Vi =eyf(e,)+eyg, Wy, +e,9,(We, +e e, e,)
+e,g,(W,0)T —ejg; (W, +erk, (W,U)T,
< . fle,.e,) (8)
:ei(%(ew)_"gw(q))ud)‘FeI Y A
+g,(W,u)T +k, (W,u)T,
=7 (FLW +9,U + kwud)

Chon mo6t ham Lyapunov cho hé théng (6) nhu sau:
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1
V, = EZTZ 9)

L4y dao ham (9) doc theo (6), ta thu dugc:

V, =2 (fuu +gyuU° +k¢ud) (10)

So sanh (8) va (10), c6 thé thay rang néu luat diéu
khién u* 1am cho hé théng (10) 8n dinh, tirc 1a V, <0 thi
V, <0. Do d6, hé théng (2) ciing én dinh. Hay néi cach
khac, bai toan diéu khién bam t8i uu H..cho hé théng (2)
va bai toan diéu khién t&i uu H..cho hé théng (6) la tuong
duaong.

2.2.2. Thiét ké luat diéu khién té6i uu H..

Phan nay trinh bay van dé thiét ké luat diéu khién tdi
uu H.. cho hé théng (6). Luat diéu khién t6i uu H.. dugc
thiét ké dua trén phuong phap ADP két hgp véi ly thuyét
tro choi [11].

Dinh nghia 1 [15]: Hé théng (6) c6 dd loi L, <¢
vdeL,[0,00] néu

o0

f(ZTQz +u'Ru)dt < Ezf(de)dT,
0

0

Q)

trong d6, Qe R >0, RER™™ >0 la ma trdn doi
xung,u la xdp xi cta u” tai thoi diém t, € > € > 0 la muc suy
giam nhiéu, € la gid tri nhd nhdt dé (6) 6n dinh.

Trén co sG diéu kién (11), ham chi phi dugc chon nhu
sau:

J(zud)= [rodt= [(z'Qz+uRu—gdTd)dt  (12)

t t

trong d6, r(t)=z'Qz +u'Ru—&°d"d . Dinh nghia ham

Hamilton cho hé théng (10) nhu sau:

H(zu,d L, ) =r+J](§, +9,,u" +k,d) (13)

trong d6, J, =0J/0z . Ly thuyét tro chai két hop véi
ADP dugc st dung dé xac dinh ham gia tri t6i uu bén vimng
J(2) théa méan diéu kién Nash:
J*(z):minmaxfr(r)dr:maxminfr(r)dr.
u d o d u o

(14)

Khi d6, tén tai diém yén ngua (u”, d*), trong d6 u’ la luat
diéu khién t6i uu, d* 1a luat bu nhiéu. Diém yén ngua
(u, d") dugc xac dinh bang cach ap dung cac diéu kién
dung cho (13).

Do do, luat u” va d” dugc xac dinh nhu sau:

. 1. "
u :—ER 19$qu!
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* 1 *
d :FkLUJZ
Thay (15) va (16) vao (13), ta c6 phuong trinh HJI

nhu sau:

(16)

0=2'Qz+J'f, *%(JZ )" 9R gy,
1

4€’

J(0)=o0.

Dé tim gidi phép diéu khién t&i uu H_, ngudi ta can

+ (17)

(L) kR K],

Yu~z

gidi phuong trinh HJI (17). Tuy nhién, viéc gidi phuong
trinh HJI phi tuyén 1a khéng thé. Ham danh gié J'(z) dugc
xap xi nhu sau:

2)=W"¢(2) + €(2), (18)

trong d6, WeR" Ila trong s NN,
o(z): " — R 1a mét vector ctia N ham tron, N sé té bao

vector

na-ron IGp an, €(z) la sai s6 xap xi ham. Cé thé chon mot
tap co s& hoan toan doc lap ¢(z) thoa man Gia thiét 2.

Gid thiét 2 [16]: C6 thé chon ¢(2) théaman [¢(z)| < b,,

|| =Joc(z)/ od < b, Je(z)] <b.. [e.|=|oe(z) /oA < b,
trong do b, by, b, by, la cdc hdng sé duong.

SZ

Lay dao ham (18), ta thu dugc
J: :WT%—k@:WT@ +¢,.
0z 0z

Thay thé (19) vao (13), phuong trinh Hamilton (13)
tré thanh:

H (z,u*,d*,WTd>Z)
=r(zu',d )+ W'e,(f, +,u +k,,d ) —&,=0

(19)

(20)

trong d6, €, =—¢, (ﬁu +gy0U° +kwud*). Trong s6 ly
tudng xap xi ham (18) la chua biét, do d6 J*(z) dugc xap xi
bai

I2)=W'¢(2), (21)

trong d6, W e R" 1a vector trong s6 xap xi ham. Luat
diéu khién (15) va luat bu nhiéu (16) trg thanh:

0= _%R*‘g]N(zgv“v, (22)
- 1 n
d— Ek]}ﬁjw. (23)

Dinh nghia e, la sai s6 gay ra bdi xap xi ham. S dung
(21), (22), (23) cho phuong trinh Hamilton (20), ta thu
duogc:
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H(z,a,a,\iqu)z)
o _ . (24)
- r(z,ﬂ,d)+WT¢Z(fwu +9wuﬂ+kwud): e
Dinh nghia W=W —W 14 sai s6 xap xi trong s6 NN.
TU (20) va (24),ta cod

e, =~W'g,(f, +9,,0-+k,, )+, (25)

Dé W — W, ta can diéu chinh W dé t6i thiéu sai s6
binh phuong E = (1/2)e/e,. St dung thuat toan suy giam

d6 déc chudn hda, luat cap nhat trong s6 W dugc xac
dinh nhu sau [17]:

Néu rd (fpu +gwuﬂ+kwua) <0 thi
2 o o . asn
W=—-a,——(6"W+2z'Qz+0'"RG—y*d"d). (26)
"(c'o+1) ( vdd
Néu 2 (f, +9,,0-+k,,d) >0, thi
W=W+a,6(G-K)z (27)

_ ) . 1
trong do, O:Q(fwu—kgwuu—l—kwd), GZEQ¢UR 191,.“

Ke—k Kk

= 27 ks a,>0,0,>0.

Dinh ly 1: Xem xét déng luc cua sai s6 bdm duoc xdc dinh
bdi (6). Gia thiét 1, 2 dugc théa man. Ham gid tri duoc xdc
dinh béi (21), ludt diéu khién téi uu duoc dua ra bdi (22), luat
bu nhiéu duogc duara bédi (23), trong d6 cdc trong s6 NN duoc
diéu chinh truc tuyén béi (26) va (27). Khi dé, HOCT dam béo
rdng cdc sai s6 bdm va sai s6 xdp xi la 6n dinh UUB.

Chuing minh: Chon ham Lyapunov cho hé théng (6)
nhu sau:

_ 1 T 1 IRV
\'A —Eazz Z+Etrace(W W) (28)
Thuc hién dao ham Vs theo thdi gian, ta cé
V,, =0,z"f, —a,2' (G—K)d, W
(29)

+W'(—ag(a"W-¥,))
trong d6, c=o/(c'0+1), & —=¢,/(c'c+1). BAi

Thubc tinh 5,ta c6 a,2" ¥, 1 bi chan bai (B, [7]), tuc 3,

fu|<—bs- Ap
dung bat (29) tré thanh
V,, < B[] B, HWHZ +B,, trong d6 y=3a", b,, >0
g B, =(a, =D, (V),

0,2, <~ B[z

*,trong d6 B,=a,b;,

dang thuc Young,

la chan trén cla &,
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[33 = (12 (Gmax +Kmin)bA<vbW +QT1b§H' a1 > 1 * DO do
V,<0, néu va chi néu |lz|>+8B,/B, =b, hodc

HWHZM:bW .Ta c6 thé thdy rang [z| hay ”VVH vuot
qua tap dong b, hay b, thi V, <0. Nhu véy cac sai s6
bam va sai s6 xap xi 1a UUB.

Dua trén B6 dé 1 vaBinh ly 1, sa dé ciu tric cda thuat
toan dé xuat co6 thé dugc trinh bay nhu Hinh 1. B6 diéu
khién gém 2 thanh phan: Luat diéu khién truyén thdng va
luat diéu khién t6i uu bén ving. Trudc tién, luat diéu
khién truyén thang dugc xac dinh nhu (4), sau d6 dong
lyc hoc sai s6 bam dugc xay dung nhu (6), ham chi phi
dugc xap xi bai NN véi luat cap nhat trong s6 nhu (26),
(27) va luat diéu khién t8i uu duoc xac dinh nhu (22) va
luat diéu khién bu nhiéu xac dinh nhu (23).

mong mudén Eq = (X¢ Ya) dugc chon la
X,=140,5sin(0,5t+m/2), Y,=1+0,5co0s(0,5t+1m/2).
Quy dao vi tri tham chiéu qq dugc xac dinh bsi phuong
trinh déng hoc ngugc q,, =arccos(X2 + Y2 —IF —1)/(2l,)
Py, =arctanY, /X, —arctan(l, sin(p,))/(I, +1,cos(P,)),

trong d6 |1 =, = Tm. Quy dao thuc té clia E dugc xac dinh
bai phuong trinh dong hoc thuan
X=lcos(,)+Lcos(p, +¥,), Y=Isin(q,)+1,sin(p, +y,).
Chon $(0)=[0,5, —0,5]', {(0)=[0, 0", T4 c6 gid tri ngau
nhién trong khoang [-1, TINm. Chon cac tham sé cla

HOTC nhu sau: A, = A, =diagl1,1],
dz) = [ejﬂ ’ eqﬂ el]JZ ’ eqn € e¢1eu2 ’ eiz ’ eq;zem ’ eq;z €2/ el2)1 1€1€21 eﬁz] ’
Q=14R=14 a,=50, a,=0,01, £=0,1.

Thuc hién mé phdng trén Matlab véi thai gian mo
phong 50s, thdi gian tat

nhiéu PE la 20s, thoi gian lay
mau T =0,1s. Hinh 2 la trinh
bay su hoéi tu clla cac trong
s6, ndé cho thay rang cac
trong s6 héi tu sau khoang

v. J. =Wy,
N Luét bu nhiéu d ’ i
(23) ¢
‘ Luat cap nhat | ¢
(26).21) | ... A
. 7}
a2 2 *
Luéat dieu khien N T
1 t6ivu(22) Demux
e
Y
. Va + : v A 1 +
44,94 Luat dieu .
= khién ruyén vg»7" (oG luehoc ¢
2 _\_ »| saisd bam
thang 6)
(4)
»| Demux| 4

=>
+ < s
+
-
v

thdi gian 12s. Hiéu suat diéu
. khién bam dugc thé hién
M6 hinh robot | 924 trén hinh 3, 4 va cac sai s6

) bam dugc thé hién trén hinh
5. Chang cho thdy rang sau
khi thuat toan hoi tu, HOTC
cung cap hiéu suat diéu
khién bam tét, véi sai s6
bam khoéng vuct qua 4.10°
rad. Hinh 6 trinh bay két

Hinh 1. S d6 cdu trdc diéu khién bam t6i uu bén viing cho tay mdy robot
trén g s6 ADP

3. KET QUA MO PHONG VA THAO LUAN

Xét moét mét robot 2 bac tudo [11] véi cdc ma tran clia
phuong trinh déng luc hoc la:

_|h+2he, h,+hie
B h2 + h3c2 h2 '
gy =| s s ) (30)
hSSzlp'l 0

G(p) = [8,45tanh(tj)1) 2,35tanh(ti)2)]T

trong d6, c, =cos(y,), s, =sin(y,),h, =3,473 kgm?,
h, =0,196 kgm?, h, =0,242 kgm?2. Goi E = (X, Y) la toa

dd cda khau cubi trong khong gian lam viéc. Quy dao
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qué clia cac dau vao diéu khién t&i uu va hinh 7 trinh bay
két qua cta mé-men diéu khién. Quy dao bam trong
khéng gian lam viéc dugc thé hién trén hinh 8.

Thuc hién mé phéng so sanh HOTC véi bé diéu khién
trugt thich nghi s&t dung RBF (SRBF) [18], cac két qua mo
phdng so sanh dugc thé hién trén cac hinh 9, 10 va 11.
Quan sat cac hinh con trong hinh 9, ta thay cac sai s6 bam
clia SRBF c6 gia tri I6n hon HOTC. Quy dao bam trong
khéng gian lam viéc cia HOTC va SRBF dugc trinh bay
trén hinh 10. Mé-men diéu khién ctia SRBF dugc trinh bay
trén hinh 11, cho thay rang cac gia tri mé-men diéu khién
bi dao ddng manh, trong khi d6 HOTC cung cac mé-men
diéu khién tron hon, khéng bi dao déng khi héi tu (hinh
7). Thong qua cac két qua mo phoéng, ta thay rang HOTC
cung cap hiéu suat diéu khién t6t hon SRBF. Nhu vay, hiéu
qua cta HOTC dugc xac minh.

Tap 60 - 509 (9/2024)
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4. KET LUAN

Bai bao da dé xuat mot so dé diéu khién bam téi uu H..
dua trén ADP cho tay may robot véi cac nhiéu ngoai. Luat
diéu khién truyén thang da dugc thiét ké dé chuyén doi
bai toan diéu khién bam t8i uu bén viing cho tay may
robot thanh bai toan diéu khién t6i uu bén vimg cho hé
phi tuyén affine. Sau d6, luat diéu khién phan hoi da dugc
dé xuat dé xac dinh luat diéu khién t8i uu va luat bu nhiéu.
Thuat todn dam bao rang cac sai s& bam la 6n dinh UUB.
Két qua mé phong da cho thay bo diéu khién dé xuat dam
bado cac yéu cau datra. Cong viéc tiép theo, HOTC sé dugc
cai dat thi nghiém trén tay mdy robot thuc.
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