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Tém tat:

Bai viét dé xuét bd diéu khién thich nghi naron dua trén mé hinh du bdo (MPC) cho hé théng robot
dan, véi md hinh dong luc hoc la bat dinh, va xem xét tdi cac diéu kién rang budc dau vao khi thiét
thé& bd diéu khién. Trong céu tric clia MPC dua trén mang noron dugc trinh bay, mang naron xuyén
tdm (RBFNN) dudc xem xét d€ udc lugng md hinh. Mang noron dudgc st dung nhu mdt md hinh du
bdo cho hé thdng robot dé€ xir ly dd bat dinh cua hé théng. Ngoai ra, cac rang budc dau vao dugc
dam bao bang cach str dung ham muc tiéu khdng bac hai cho MPC dua trén mang noron. Nghién
clru md phong dudc thuc hién dé xac minh tinh hiéu qua clia phuong phap dé xuét.

T khéa:
Piéu khién thich nghi, md hinh diéu khién du bdo, mang noron, ddng Iuc hoc bat dinh, rang budc
dau vao.

Abstract:

This article proposes a neural adaptive controller based on a predictive model (MPC) for a single
robot system, with an uncertain dynamic model, and considers input constraints in the controller
design. In the proposed neuro-based MPC structure, a radial basis function neural networks
(RBFNNs) are employed for modeling. The neural network is utilized as a predictive model for the
robot system to handle the system uncertainties. Additionally, input constraints are guaranteed by
using a non-quadratic cost function for neural network-based MPC. Simulation studies are conducted
to verify the effectiveness of the proposed approach.
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1. GIOI THIEU

Trong nhitg nam gan day, thiét ké diéu
khién robot dd nhan dugc sy quan tam
lién tuc tir ca nganh cbng nghiép va gioi
hoc thuat. Nhiéu ly thuyét diéu khién,
chang han nhu diéu khién noron, diéu

khién mo, didu khién ché do truot va céac
phuong phap diéu khién khac da duoc &p
dung thanh céng vao cac hé théng robot.
Piéu khién thich thich sir dung mang
noron (NN) dugc phét trién trong [1] [2],
mang noron duoc Xt dung dé xu ly sy bat
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dinh va nhidu ngoai caa hé thdng, hiéu
suat diéu khién caa hé théng vong kin
dugc dam bao bang viéc lwa chon céc
thong sé thiét ké phu hop. Bo diéu khién
trugt dau cudi tac dong nhanh bac phan sb
dugc dé xuit trong [3], [4], di giai quyét
van d& bam quy dao khi hé théng robot
chiu anh huong cua bat dinh tham sé va
nhidu ngoai, mit truot dau cudi tac dong
nhanh bac phan sé dugc dé xuat dé dat
duoc su hoi tu trong thoi gian hitu han.
Phuong phap diéu khién truot dau cudi
theo thoi gian xac dinh cho hé thong robot
dugc phat trién trong [5], bo diéu khién
dam bao hé théng 6n dinh theo thai gian
xac dinh, bo diéu khién c6 ciu tric don
gian dé dang trién khai diéu khién theo
quy dao. Bo diéu khién thich nghi mo
noron st dung phuong phap hoc tro
khang cho hé thdng robot bi rang budc,
phu thudc dong luc hoc bat dinh duoc
trinh bay trong [6], thuat toan mo noron
xac dinh mo hinh bat dinh, luat hoc tro
khang giai quyét sy twong tac gitra robot
va méi truong cua nd. Bo diéu khién thich
nghi mo - noron két hop véi bo diéu
khién PID dé xuit trong [7], dam bao sai
sb diéu khién cua hé théng hoi tu khi hé
thdng bat dinh va anh huong cua nhidu
ngoai. Ngoai ra con phuong phap diéu
khién tro khang, diéu khién lai luc\vi tri
cho robot, trong [8] bo diéu khién tro
khéng cho robot véi cac rang budc dau ra
thay d6i theo thoi gian, quy dao mong
muén trong ving quan trong c6 thé dugc
theo d6i ma khong vi pham céc rang buoc
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dau ra. Bo diéu khién tro khang nang cao
dugc thiét ké bang str dung toén tir Szasz—
Mirakyan lam bo xap xi trong [9], toén tir
nay c6 thé tinh gan dung do bat dinh bao
gom dong luc hoc khong dwoc mé hinh
hoa va nhidu ngoai khi thiét ké bo diéu
khién. Mot bo diéu khién lucivi tri két
hop méi trong khéng gian lam viéc cua
tay may robot dya trén diéu khién thich
nghi mo dugc phat trién trong [10] [11]
dé cai thién hiéu suat diéu khién luc va vi
tri khi tiép xdc véi moi trudng bat dinh,
hé thong mo duoc sir dung dé xap xi phan
tuong duong cua dau vao. Véi sy mo
rong lién tuc cua cac tng dung robot
trong nhiing thap ky qua, hiéu suit diéu
khién t6i wu ngdy cang nhan dwoc nhiéu
su quan tdm bén canh tinh 6n dinh cua hé
théng. Hon nira, bat dinh caa mé hinh va
cac rang budc dau vao ciing 1a nhiing
thach thirc ddi véi viéc thiét ké diéu khién
cuia mot hé théng robot thuc té. Do do,
diéu quan trong la phai thiét ké mot bo
diéu khién hiéu qua cho diéu khién robot,
c6 thé can bang giitra hiéu suat diéu khién
t6i wu va do 6n dinh cua hé thong, bu dap
cho anh huong bat dinh cua mé hinh va
dap ung cac rang budc dau vao. Diéu
khién du bao md hinh (MPC) 1a mét bo
diéu khién téi wu. MPC giai quyét cac van
dé diéu khién da bién va bi rang budc
[12]. Trong [13] trinh bay bo diéu khién
tro khéang dy bao mé hinh (MPC) dé thao
tac robot. Phuong phép nay, mo hinh tr¢
khang dugc hoc, do d6 trong khung MPC,
md hinh d3 hoc nay duoc sir dung dé diéu
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chinh céc tham sé tro khang cua bo diéu
khién tro khang tir d6 dat dugc cac thao
tac mong mudn. Farrokhi va cong su [14]
phét trién MPC thich nghi phi tuyét két
hop véi bo didu khién vi trifvan toc dé
diéu khién roboot. M6t s6 nha nghién ctu
con tap trung vao viéc két hop thich nghi
noron véi MPC, Wang va cong su [15] dé
xuat bo diéu khién kién trac hai lép, trong
d6 NN thich nghi dugc su dung cho I6p
dudi dé wdc luong cac dong luc hoc chua
biét. Trong [16] thuat toan théng minh
nhu thuat toan di truyén duoc st dung dé
giai quyét van dé téi uvu héa cua MPC.

Nhu vay viéc thiét ké MPC phu hop cho
bo diéu khién robot, udc lugng dong luc
hoc truc tuyén chwa biét va can bang gitr
hi¢u suat diéu khién t6i wu va do o6n dinh
cia hé thong van chua duoc giai quyét.
Trong bai nay tac gia phat trién MPC dya
trén NN cho bo diéu khién robot véi mo
hinh bat dinh va cac rang budc dau vao.
Poéng gop chinh cia bai viét dugc tom tat
nhu sau:

= C4u tric MPC dua trén NN chira mang
NN duoc dé xuét cho diéu khién robot.
NN duoc st dung nhu mo6 hinh dy béo
cho MPC duoc thiét lap dé wdc luong
dong luc hoc bat dinh cua robot.

= C4c rang budc dau vao duoc dam bao
bang cach sir dung mot phuwong phap phu
hop, ham tich hop cua tin hiéu dau vao
trong ham muc tiéu caa MPC.

Phan con lai caa bai viét gom: M6 hinh
dong luc hoc cua hé thdng duoc trinh bay

trong Phan 2. Bo diéu khién thich nghi
noron dua trén mé hinh du bao cho hé
thdng robot duogc thiét ké trong Phan 3.
Két qua mé phong duoc trinh bay trong
Phan 4 @& chung minh tinh hiéu qua cua
bo diéu khién dé xuat. Cubi cung, két qua
nghién ctru duoc tao ra trong bai viét nay
duoc két luan & Phan 5.

2. MO HINH PONG LUC HOC CUA HE
THONG

Xem xét dong luc hoc cua robot c6 n
khép ndi [17, trang 180] nhu sau:

M(@)G+C(q,0)q+G(q) = (1)
Trong do:

0.4 va g lan luot 14 vecto vi tri, van tdc
va gia téc goc khép cia robot;

M(q) 1a ma tran quéan tinh, d6i xtmg va
xac dinh duong nxn;

C(q,q) la vecto twong hd va ly tam nx1;

G(q) la vecto trong trudng nx1;

7 12 vecto mdmen dau vao tac dong lén
cac khop caa robot nx1. Vecto mdmen
dau vao cua robot bi gigi han, diéu nay
phai duoc xem xét khi thiét ké bo diéu
khién. Trong bai b4o nay céc rang budc
dau vao duoc thé hién bang:

|7, 0)| < Tpar 1 =1,2,3,...,0 ()

Tinh chat 1 [2]: Ma tran quan tinh M(q)
la ma tran d6i xang léch va xac dinh
duong.

Muc tiéu cua diéu khién 13 thiét ké mot bo
diéu khién phu hop va théa mén diéu kién
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(2), sao cho bién cua hé thdng q co thé
ban quy dao mong muén qq

0 (1) =[02 (1), Qe (1), An O] -

Gia thiét 1: Quy dao thiét ké % 1a lien
tuc, bi chin va c6 dao ham t6i cip hai. Do
do, ton tai cac hang so duong d,d,d,
thoaman |lq, [I<d, [[qll<d,, [I§]i<d,.

3. THIET KE BQ PIEU KHIEN THIiCH
NGHI NORON DUWA TREN MO HINH
DY BAO

3.1. M6 hinh diéu khién dw bao

Pau tién, sai s6 quy dao dugc dinh nghia
nhu sau:

€=0;,—-9

e, =a,+0; =€ +Ke

(3)

Voi o, = K +4, 1a mot bién phu.

Tir (1) va (3) sai s6 bam quy dao viét theo
dong luc hoc dugc biéu thi nhu sau:

e:l = _Kl(il +€ (4)
e, =f(e")+g(e,q)r

voi e=[e,e, 1" trong Gng VoI sai sb
bam quy dao; e* =[e1T1e2T’daida:da]
duoc goi la sai sb
9(8.d) =-M7(a).

f(e") =M (@IC(q,6)+G(a)]+ &

binh nghia thoi gian {t },k=0,1,...1a
thoi diém tac thoi thuc hién MPC, trong
do t,=0. Khoang thoi gian giai MPC
duoc biéu thi: At=t_, —t . Khi d6 MPC
co ban véi selt,,t, +T) duoc xdy dung

gia  tang;

nhu sau:
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t+T

mind(e)= [ (e +|e©)f;)ds )

t
Piéu kién
€ (tk |tk) :ej(tk)’ J =12
él(s) =-Ke +e,

é,(s)=f(e")+a(e.q,)r
i=12,..,n

(6)

| z-i |S Z-max’

véi T la pham vi du bdo, Q va R la cac
ma tran xac dinh duong vé sai s6 bam e
va dau vao r twong (ng. Muc tiéu diéu
khién c6 thé dat dugc bang cach giam
thiéu ham muc tiéu J. Bai toan toi uu (5)
s& duoc giai quyét tai thoi diem tac thoi
t. theo cac dicu kién dau tac thoi
et It), j=12. Téi wu hodc thu duoc
moémen dudi mic tdi wu 77 (t) trong pham
vi telt,t +T), va gia tri dau coa 7' (t)
dugc trién khai cho hé thdng robot. Khi
d6 bai toan t6i trong pham vi
teft,,.t.,+T), duoc xem lai tai thoi
diém t,_, dudi cac diéu kién dau méi.

Trong thuc té, MPC co ban (5), (6) c6 thé
khong thuc hién duge ddi véi didu khién
rooot néu khong c6 thiét ké cu thé. Pau
tién, sai s6 bam quy dao viét theo dong
luc hoc (4) c6 thé khong hoi tu dugc Vi
ton tai bat dinh trong cac ma tran
M (q),C(q,q va G(q). Tiép theo, viéc
giai bai toan ti wu phi tuyén va phan tich
d6 6n dinh 1a khé khan d6i véi hé thong
robot c6 tham s bat dinh. Dé giai quyét
nhitng thach thuac trén, hai mang noron
(Neural Netwwork - NN) duogc st dung
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theo cdu traic MPC dé xuit: (i) NN ugc
luong dua trén mé hinh cua hé théng
robot duoc thiét 1ap nhu mot md hinh dy
bao dé wdc luong dong luc hoc cua hé
thdng bét dinh tryc tuyén; (i) NN duoc
thiét lap dé giai bai toan t6i wu phi tuyén
cua MPC duya trén mé hinh du bao. Bong
thoi, cac rang bude dau vao va su 6n dinh
cua hé thong vong kin duge dam bao.

3.2. Mang noron dwa trén mé hinh dw bao

Trong phan nay, thich nghi noron duoc sir
dung nhu md hinh dy bao dé xap xi sai s6
(4). Gia str rang ¢ ludén duoc dap ung va
thoa man diéu kién (2). Do vay sai s6 bam
quy dao viét theo dong luc hoc duoc viét
lai nhu sau:

e, =—-Ke +e,

€, :Wf*T¢f (e") +Wg*T¢g (,04)7+¢&,

V6i & =& + &7 lasa s6 wdc luong,
WTg () +& = f(e)

Wg*T¢g (e,d4)+&, =9(2,,0,) , trong do

()

#:(€"), #,(2,,9,) 1a ham co s¢, trong bai
nay tac gia chon la ham Gaussian.

Gia thiét 2 [2]: Trong s6 téi wu cua mang
noron W, ,Wg* cia ham co s&
(e, ,(z,0,), V& sai s6 do xap xi
&, &, 12 bi chan. Do vay ton tai cac hang

$0 duong Wfo’Wgo’¢fo’¢go"ffo’§go thoa

&6 IS0 115 1€ Eg0-

T Gia thiét 2 va diéu kién (2), thiy duoc
rang sai s6 udc lugng & 1a bi chan, do
d6 ton tai mot hang sé duong &, thoa

Man || &y [1< &no -

Trong so dd MPC, bai toan tbi wu duge
giai quyet theo trinh ty thoi gian t, mot

cach than trong. Do d6, mo6 hinh du bao
trén telt.,t.,) co thé dugc dinh nghia

nhu sau:

& =-K& +8&, + AAE ®)
e, = fe)+g (6,04)7 + AAe—zk

véi G(€.0y) =Wy 4, (€.9,),

f(e")=Wye, (€7, Wyva W, 1a woc
luong cua W, va W, tai thoi diém
t. A la hing sb6 duong,
Agf =€k (t) -8/ (L), j =12 lasai s udc
lugng ciia z tai thoi diém t,, tai thoi
diém dau Az =0.

Trong sé ciia mang W, va ng trong (8)

la hiang sb trong khoang thoi gian
telt,t,,,),k=012,..., va dugc cap nhat
tai thoi diém t,, nhu sau:

Wf (k+1),i :Wfk,i +AWfk,i

=Wy, +a, | -1+ M)z AALAGS, —k W, |

(9)

n n Wg(k+l),i :ng,i +Awgk,i
man W (1< wyy, W I w,,, A _ -
;” fi IS Weg ;H 0i 1< Wyo W, +a, |:_(1+At)wgkAAtAe2k,i_kgng,i:|
| 6 (€7 I< 1o | &y (20, Aa) 1< By » (10)
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Voi o, alahe s6 hoc, k,, k, la cac h¢

sb duong cai thién tinh bén virng,

18
Wy = 5 Z (¢, By, da)7y
=
+6y (B1.1 Qaiiny ) T1) ALy
1 N-1 . . i
Dy = EZ (4 (") + ¢ (e(|+1) ))At, , trong do
=

At =t —t , N lasd nguyén duong hitu
han, t, =t,,va t, =t.,,.

Nhan xét 1: Tur Gia sir 2 va diéu kién (2),
khi dau vao ¢ thoa man diéu kién, do
do @@, bi chan. Ton tai cac hé so
duong 6,,,6,, thoa man ||z, |[<6;,,

I W g I|< HgO .

Theo tinh chit caa MPC, sai s6 dua bao
g, dugc cap nhat béi gia tri thyc e, tal

thoi diém tac thoi t,

§j (tk++1) =€ (tk+1) (11)
Hon nita, c6 thé nhan thay ring
vtelt,t.,)

thi Ag, (t)" Ag, (t) <Ag,“VT Ag, .

Dinh  nghia W, =W, —V\7fk va

ng :Wg —ng la sai s6 udc luong cua
Mang noron.

Pinh ly 1: Xét m6 hinh du bao dugc dinh
nghia trong (8) va tin hiéu dau vao thoa
man cé4c rang budc (2). Céc trong sé cua
NN V\A/fk va ng duoc cap nhat boi (9) va
(10) tai thoi diém t,,,k=0,1,2,.

k+17* Sal 36
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., Tiép do, sai sd udc lugng du bdo Ag,

va sai s6 udc lugng trong sé caa NN 1a
W, ,W van giit nguyén gigi han.

Chéng minh: Ung vién ham Lyapunov
duoc chon nhu sau:

V=V, +V, +V, (12)
. - 1 oery
Véi V, = Zl: 23 Wy W, i

V =

e

1 kT kT
ZAEAEN + = Ae AEX:
2 Y 2 2
v zn:—l W, W
f = Zaf fk,t fkt

trong khoang thoi gian tef[t,,t.,,) thi

ham V la mét ham lién tuc duong. Tai
thoi diém t,, sai khac cia V duoc tinh

nhu sau:

AV = AV, +AV; +AV, (13)

Céc thanh phan trong (13) xac dinh nhu
sau:

Ave — %Aél(k-*—l)-r Aél(kﬂ.) _%Aélk-l— Aélk
1 =(k+)T A z(k+1) Loty
+ 2 AR AR - = AN AB
2 2
S—%(1—2(1+At)A2At2)AészAézk
1 2 KT Ak 2
—E(l—A At)AETAG! +2(1+At) |

~(L+At) AAAE) Wy, + Wy, )

““%mmm

bam du bao e ; duoc cd nhat theo ia tri 2
P ) ez 3o | 4
thuc thong qua (11) tai thoi diém tac thoi i=1
S6 34 51
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trong d6 @ =g, + ¢, , VOI

o =W, (¢ (€") 4 (€")) At +5,;

0y =W," (¢, (e,05) —¢: (8, 0y) ) At + &, ;

&,&, 1 céc sai s6 tich phan;

Nhan xét 2: Tt Gia thiét 2 va diéu kién
(2) thi ¢ bi chin. Do do, ton tai mot hang
s0 duong ¢, sao cho || < @,

no1 - ~ ~ ~
AV, = ;E(W:(km,iwf (k+1),i _WfLinkvi)
51

<%Zn:(kf +305fk$)
23k, e k)M

220 L W et

fi

+(1+At) Z::vv;iwkaAtAe—;i (15)

gk,i® gk,i

n 1 T ~
AVg = Z 20 (W (k+1), |Wg(k+1)|

i o

WTV\7)

1 (k +3ak)

gl
i=

n

L3k, s

s 379(1+ Aty Aate) aek|

+(1+At)ZWT @

i gkAAtAé;i (16)

Thay (14) —(16) vao (13), ta c¢6 duoc:

AV < —% K,AETAg/

2
-5 ] -
KV + 3,
trong d6: K, =1— A’At,
K, =1-2A%(1+ At)At®
—3A*(1+ At (a; 0; + o 020 ) ALY,
K, =k, —3ak? —

; K,AE,"T A&,

Kepio 1
27‘Mgk,i” +ﬂm

(17)

31+ A6,
K, =k, —3a,k? =31+ A)O?
K =min(K,, K,,K;,K,),

B =21+ A0 ||

Jrlznl(kf +3afkf)

(k + 30,k )W,

go’

fii

g,i

Céac tham sé K, K,, K,, K,

duong. Theo Bb dé 1 trong [5], sai s6 uéc
luong trang thai Ae/ va sai so trong so

xac dinh

cua mang noron W, , W, s& hoi tu. Dya

theo mé hinh du béo (8), luat cap nhat (9),
(10), by diéu khien MPC (5), (6) voi
s e[t,,t, +T] duoc phat biéu lai thanh:

tyor

minJ(€) = j (le®; +[7G)l; )ds 18y

diéu kién
&t It) =¢e;(t). i =12
8(s) = K& +&, + AAES

&,(5) = F(8") +a(e,qq)7 + AAES
|7 < Tmaxs 1 =1, 2,1

(19)

Céac tham sb dugc dinh nghia tuong tu
nhu (5), (6)
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MPC
a
Tin hi¢u Ham Piéu
dat muc tiéu kién

DPau ra du

S I
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Hinh 1. So’ dd diéu khién cho hé théng robot

4. NGHIEN cl’U MO PHONG

Dé chiing minh tinh hiéu qua cua bo diéu
khién MPC dya trén NN dugc d& xuat,
mo phong dua trén Matlab/simulink cho
robot planar ba bac ty do (3-DOF) dugc
trinh bay trong phan nay. Mé hinh caa
robot planar dugc minh hoa nhu Hinh 2.

Y &

Hinh 2. M6 hinh robot Planar

Hé théng dong luc hoc cua robot duoc

x4c dinh boi (1) voi cac thong sé cua
robot Planar: m; = 1,5 kg; m; = 1,2 Kkg;
mz=1kg; d; =1m;d,=0,8m;d;=0,6m.
Cac rang budc dau vao duogc thiét ké:
|7, ()| < 200,i =1,2,3. V6i diéu kién dau
cua cac goc khdp, van téc goc khop cua
robot dugc chon: q(0) =[0.09, —0.09, 0.09]" ,
Q(O)=[0,0,0]T. Quy dao dit cua céc
khép duoc thiét ké nhu sau:

Oy :0,42+0,425in(t—%)
Oy =0,42+0, 425in(t—%)
Oyy =0,42+0, 423in(t—%)

Cac tham sé diéu khién dugc chon
nhu sau: K; = diag(20, 50, 50);
A =diag(5; 0,5; 3). Céu tr(ic mang noron
st dung gém 36 16p an, véi ham co so 1a
ham Gaussian c6 tam la [-1,6; 1,6] va do
rong la 25. Tham sé cua MPC Ila:
Q =diag(500; 400; 300),

R=diag(0,5; 0,2; 0,1), chu ky du bao
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Ts =0,25s; khoang thoi gian du béo
T = 2,5s. Bé théy duoc 1o hon vai tro cua
bo diéu khién, cac kich ban md phong
duoc tién hanh nhu sau:

4.1. Kich ban 1

Céc tham sb cua hé théng giir nguyén nhu
ban dau, va hé théng khéng bi nhiéu tac
dong. Céac két qua thé hién tir Hinh 3 -
Hinh 7.

4.2. Kich ban 2

Hé théng bi nhidu tac dong. Tin hiéu
nhiu tac dong 1én ting khép dugc minh
hoa trong Hinh 8. Cac két qua dugc minh
hoa trong Hinh 9 - Hinh 13.

4.3. Kich ban 3

Tham sb bat dinh cua md hinh, cac tham
s6 khéi luong cua céc khop duge thay doi
thanh: m;=3 kg; m,=3 kg; m3=2 kg. Cac
két qua dugc thé hién trong cac hinh tir
Hinh 14 - Hinh 18.

4.4. Kich ban 4

Thay dbi tai trong: thoi gian 0 dén 10 s tai
trong 1a 1,2 kg, tir 10 dén 20 s thay ddi la
5 kg. Céc két qua md phong duoc thé hién
nhu trong Hinh 19 - Hinh 23.

Tur cac két qua cua cac kich ban md
phong c6 thé thay duoc: Hinh 3 - Hinh 6,
Hinh 9 - Hinh 12, Hinh 14 - Hinh 17,
Hinh 19 - Hinh 22 thé hién sy bam quy
dao chuyén dong cua cac goc khép, va hoi
tu cua sai s6 quy dao vé khdng ngay ca

khi hé théng chiu tac dong caa nhiéu,
tham s6 cia mo hinh thay dbi hay tai
trong thay doi. Hinh 6, Hinh 13, Hinh 18,
Hinh 23 1 céc tin hiéu mdmen diéu khién
tac dong Ién céc khép khi hé théng chiu
tac dong cua nhiéu, tham s va tai trong
thay doi. Khi tai trong thay doi tai 10s thi
moémen diéu khién ciing thay doi theo
nham dap ung su chyén dong cua hé
thong. Tin hiéu diéu khién théa man diéu
kién rang budc cua dau vao khi thiét ké bo
diéu khién. Qua cac két qua mé phong
thiy duoc riang véi bo didu khién thich
nghi noron dya trén mé hinh dy bao dugc
dé xuat cho hé thong robot don, cac khop
cua tay may duoc chuyén dong tién can
theo quy dao mong mudn, céac tin higu
diéu khién caa hé thong kin déu hoi ty va
thoa man cac didu kién rang budc. Nhu
vay bo diéu khién hoat dong hiéu qua va
kha thi.

[= = = Tin higu dat ——Tin hidu thuc

087
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047

S
S

Goc khop thir nhat [rad]

0.2 . .
0 5 Time[s]m 15 20

Hinh 3. Quy dao chuyén déng cta géc khép
thw nhét
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= = =Tin hidu dat ——Tin hidu thuc
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Hinh 4. Qu§ dao chuyén dong cua géc khép
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Hinh 13. Mémen diéu khién cac g6c khép
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Hinh 16. Quy dao chuyén déng cta géc khép
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Hinh 22. Sai sé quy dao chuyén déng
chia cac goéc khép khi tai trong thay déi tai 10s
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Hinh 23. Mémen diéu khién cac g6c khép
khi tai trong thay d6i tai 10 s

5. KET LUAN

Trong bai bao nay, diéu khién thich nghi
noron dya trén MPC dugc phat trién cho
hé théng robot don, c6 dong luc hoc bat
dinh va cac rang budc dau vao dugc dua
vao khi thiét ké bo diéu khién. CAu truc
bo diéu khién dé& xuat chira mang noron,
mang noron dugc st dung lam md hinh
du béo cho hé théng robot, luat hoc truc
tuyén dua trén sai sé quy dao, gitra quy
dao du bao va quy dao thiét ké, diéu nay
da xir Iy dong luc hoc bt dinh cua robot.
Cac rang budc dau vao dwoc dam bao
bang cach st dung ham muc tiéu khong
bac hai cho MPC dya trén mang noron.
Hé thong diéu khién vong kin 6n dinh
theo tiéu chuan Lyapunov. Nghién ctu
md phong da dugc thuc hién dé minh hoa
tinh hiéu qua cua bo diéu khién dé xuét.
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