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TOM TAT: Bai bao trinh bay mét thuat toan diéu khién bam quy dao cho ro-bdt tay may, bo diéu khién
14 sy két hop ciia bo diéu khién thich nghi bén vitng va mang no-ron. Bo diéu khién thich nghi bén viing
dam bao r6-bdt tay may bam theo quy dao mong mudn va bat dinh mé hinh. Cac ham khéng xac dinh
ctia r6-bdt tay may duge xap xi gan diing bang mang no-ron. Phén tich 6n dinh ctia hé kin dugc dua ra
boi phan tich 1y thuyét. Két qua mo phong cho thiy hidu qua va kha ning Gmg dung thuc té ciia phuong
phap didu khién dugc d& xuit..

Tir khoa: Diéu khién thich nghi bén viing, Mang no-ron, Diéu khién bam quy dao, Ro-bdt tay may.

ROBUST ADAPTIVE CONTROL BASING ON THE NEURAL NETWORK
FOR ROBOT MANIPULATORS

ABSTRACT: The paper presents a recently developed trajectory tracking control algorithm for Robot
Manipulators, which incorporates hierarchical robust adaptive control and neural networks. Robust
adaptive control ensures that the Robot Manipulators tracks desired trajectory and resist disturbance.
The unknown functions of Robot Manipulators approximate the neural networks. The stability analysis
of the closed-loop system will be given through the theoretical analysis. Numerical simulation results
show the effectiveness and the capability for practical applications of the proposed control method.

Keywords: Adaptive robust control, Neural network, Trajectory tracking control, Robot Manipulators..

1. PAT VAN PE

Chuyén dong cua mot nhom cac hé théng vat 1y nhu ro-bdt tay may (Robot
Manipulators), tau, tau ndi (SVs), thiét bi bay khéng nguoi lai (UAV)... duge coi la hé thong
co hoc ¢6 md hinh phi tuyén bat dinh va chiu anh huéng ciia nhiéu ngoai [1]. Dé giai quyét
mo hinh phi tuyén véi cac thanh phan bat dinh va nhiéu loan khong xac dinh thi bo diéu khién
trugt (SMC) 1a mot trong nhimg giai phap hiru hiéu dé xem xét sy hoi tu cua thong sé trong
thoi gian hiru han. Trong cong trinh [2] mot bo diéu khién trugt dau cudi thich nghi duoc ap
dung dua trén truot bé mat dau cudi cho tay may. Mot s6 ky thuét cling dugc phat trién bai
toan diéu khién phan hdi dau ra v6i bo diéu khién ao dau vao tich hop [3, 4]. Mit khac trong
cac cong trinh nay, thanh phin bét dinh trong mo hinh va nhidu ngoai trong thiét ké diéu
khién thuong dugc wdc lugng bang mang no-ron (neural network) va phuong phap mo
(fuzzy). Tuy nhién, cac k¥ thuat diéu khién phi tuyén c6 dién néi trén c6 mot s6 thach thirc
chang han nhu ham Lyapunov tich hop, cac thanh phan b6 xung dong nhu trong cac cong
trinh [5-7]. Giai phap diéu khién t6i wu c6 giai quyét bai toan rang budc dau vao bang cach
xem xét t6i uu hoa dya trén rang budc va bo diéu khién du bao (MPC) [8-10] 1a nhiing
phuong phap hi¢u qua dé giai quyét cac khé khan ciia r6-bét tay may. Tuy nhién mot b diéu
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khién tap trung giai quyét bam quy dao, hoat dong 6n dinh trong diéu kién bat dinh mo hinh,
chiu tac dong ctia nhiéu chua biét 1a chua duoc nghién ctru.

Trong bai bao nay, dua trén thiét ké bo didu khién dugc nghién ciru trong cong trinh [11]
nhung trong thiét ké diéu khién cua [11] luat diéu khién duwa trén xap xi cac thanh phan bat
dinh m6 hinh va luat diéu khién bén virng chua duoc thiét ké. Do dé bai viét s& tap trung vao
nhiing ndi dung sau:

1. Xay dung luat diéu khién dya trén x4p xi cic thanh phan bat dinh trong mé hinh bang
mang no-ron RBF, xdy dung luat diéu khién bén vimng duya trén 1y thuyét diéu khién truot
(SMC) ma cong trinh [11] chua giai quyét dugc.

2. BO diéu khién dugc xdy dung méi trén co so két hop bo dicu khién duge thiét ké va dé
cap tai cong trinh [11] két hop véi cac luat didu khién bén viing va mang no-ron duoc
thiét ké trong bai bao nay s€ dam bao hé on dinh, tinh 6n dinh cua hé duoc chirng minh
qua 1y thuyét 6n dinh Lyapunov.

2. TONG QUAN NGHIEN CUU

Xét hé thong r6-bot tay may dwoc mé ta nhur sau:

M(n)ij+ C(p,mn + G(n) = (1)

Trong d6 M(n) € R™" 1a ma tran quan tinh, C(n,7) € R™" ma trdn hudng tdm va
Coriolis, G(n) € R" véc-to luc déy va mo-men, 77 dugc dinh nghia 1a vi tri cia tay may,
7 € R" véc-to cua dau vao diéu khién, M(n),C(n,7),G(n) 1a nhitng ham chua biét.

St dung mang no-ron dé xap xi cac ham M(n),C(n,7),G(n) béat dinh chua biét, mang
no-ron duoc str dung & phan nghién ctru ndy la mang no-ron huéng tam (RBF). Mang RBF ¢
thé duoc coi 1a hai 16p, trong d6 16p 4n bao gdm cac phan tir no-ron hudng tam, 16p dau ra la
mot no-ron tuyén tinh duoc mo ta nhu sau:

H2) =Y ws(2)=W's(2) @

Trong do Z € Q, la véc-to dau vao, W = [W;,W;,...,W;]T € R" la véc-to trong sd,

N >1 la s6 nit mang no-ron, S(2) =[s,(2),s,(Z),...,s,(Z)]" 1a véc-to hdi quy véi s,(.) 1a

mot ham xuyén tam, thuong st dung ham xuyén tdm la mdt ham Gaussian:
~(Z—p)" (Z—p)

¢

4

5.(Z) = exp i=12,...,N 3)

Trong d6 j1, = ({1, f1,5,---» 1, ]" 14 trong tam cua ham hudng tam va ¢, 1a do tan.
Dé4i v6i ham lién tuc tron bat ky f(Z): Q. — R, trong d6 Q. 1a mot tap compact, ham
f(Z)dugc xap xi bang mang no-ron (2) (v6i s6 no-ron 16p vao n 1a di 16n), ludn ton tai mot

r A * I e X IR , r
vée-to trong s6 W sao cho twong ing véi modi € nho tiy v ta ¢o:

max |f(Z) — W*TS(Z)‘ <e (4)
hay
f(2)=WT7"S(Z)+e(2),VZ e, (5)

Trong d6 ‘€(Z )‘ < ¢, mang no-ron RBF W'7'S(Z) véi mot s6 lugng 16n RBF dii 16n co

thé x4p xi dong dang mot ham tron f(Z) : Q , — R véisai s6 € nho bao nhiéu tuy .
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Két hop phuong trinh (2) va (4), ta co:
Af=f(2)— f(Z2)=W"'S(Z)—¢ (6)
Trong do: W =W — W', W 1a udc lugng cia W' .
Bai bao s dung mang no-ron huéng tim RBF dé uéc lwong cac ham chua xac dinh
M(n),C(n,n), G(n) tuong Gmg nhu sau:

M(n)=M,,(n)+e, (7)
Cln,m) = Cyy(nn) + ¢, ®)
G(n) =Gy + ¢, )

Trong d6 €,,,,,,¢, la sai léch md hinh ctia M(n),C(n,7) va G(n) twong tmg. Tiép sau
ta co:
M(n)ij, + Clnip, + G(n) = My, ()i, + C (), + G,y (n) + &
= (W3S, )i+ (W7 S, )i+ WS, ()] +-=

M~ M

(10)

Trong do W,

wWe va W, la véc-to trong sé ly twong coa mang RBF,

S, (m),8,(n),8,(n)la dauracialépanva e = e, te.te ., z=[n 0.
Gia thiét 1: Véc-to vi tri 1 va dao ham 1) ciia nd bi chin boi hang sé duong 7,7, sao

cho ||nH <,

i <7,

Gia thiét 2: Néu n,n bi chan thi tdt ca nhitng ham nay C(n,7), G(n) bi chan. Hon thé,
néu n,n bi chan thi dao ham riéng phcin bdc nhat va bédc hai cia cdc thanh phdn C(n,n),
G(n) theo la ton tai va bi chan.

Gia thiét 3: Quj dao mong muon n , duoc thiét ké sao cho dao ham theo thoi gian thir i
cua nNi=0,1,..,4 la t6n tai va bi chan.

2.1. Thiét ké bd diéu khién
Dinh nghia sai s6 bam nhu sau:

e=mn,—1n (11)
no=n+r (12)
Suy ra:
M, =7+q (13)
Trong d6 7, 1a qu§ dao mong muén, r 1a sai s da duge loc duge dinh nghia:
r=é+ e (14)

Tiép theo ta co n,=mn,+Aevain =i, +A, A>0.
Gia thiét 4: Dgc tinh doi ximg cia phiong trinh dong hoc tay mdy théa man
(M —2C)yr = 0.
Thay thé (12) va (13) vao (1), ta co:
T = M(n)ij + C(n,n)n + G(n)
= M)ij, + C(n)i, + G(n) — M(n)i — Cn,)r (15)
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M~ M
Dbi voi hé (1) b diéu khién duoc thiét ké theo [11]:
T=7, +Kr+K [rit+7,

= (WS, i, + WIS, + WS, (n)|— Mn)i = Clnipr + €

= My ()i, + Cy ()i, + Gy () + K+ K, [ rdt +7, (16)

= (WS, )i, + WS (2], + WIS, )]+ K,r+ K, [rdt +7,

Trong do K >0,K, >0.

Thanh phan luat diéu khién cta x4p xi cac thanh phan bét dinh mé hinh dugc thiét ké nhu sau:

7, = M )i, + Cy (), + Gy () (17)
Thanh phan luat diéu khién bén vimg dugc thiét ké:
T =K sgn(r) (18)
Trong 46 K= diaglk ],k | |
T (15) va (16), ta co:
t
M)+ Clniyr + K r+ K, [rdt + 7 = WS, (n)i,
0 19)
WIS, ()], + WIS, ]
Trong dé: W =W, WM,W =W, W vaW, =W, WG.
Cong thue (19) ¢o thé viét dugc nhu sau:
t
M(n)r + C(n,m)r + Kif rdt = —K r — K sgn(r)
0 (20)
LS, )], + [ WIS ()], + (WIS, (m)]+e
Luat cap nhat thich nghi cta trong sé6 mang no-ron duoc thiét ké theo [11]:
W]Wl F/Wt(plth( ) (21)
WCz’ = Foﬁ%(z)ﬁrﬁ (22)
W, = Lo () (23)
Trong d6 i =1,2,...,n
2.2. Phan tich tinh 6n dinh cia hé kin
Chon ham trng vién Lyapunov nhu sau:
1 e ) [ 1
_ T - - ", T
V—2r Mr+2frdt] K, frdt—i—Q;Wﬂ, WM
0 0 (24)

1 n ~ . 1 n - -
+5 Z ngF:1WCi +3 Z ng—‘:lw(?i

Trong do I' 1a nhitng ma tran hé s6 doi xtimg xac dinh duong.

Mi? Cz’ (‘

Dao ham V theo thoi gian ta co:
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t n - o 3 -
V= o7 | M+ S 0+ K f rdt|+> WL W, +> WLT W,
2 b | pa Mi P " C
(25)
+y WV,
=1
Str dung Gia thiét 4 cho (25) ta duoc:
t n - . n -
V=" |Mi+Cr+ K, [rdt|+ > WD W, + > WLT W,
=1 i=1 (26)
+>° Wil W,
=1
Thay thé cong thirc (20) vao biéu thirc (26):
V= —rTKpr — 'K sgn(r)+ [WLSM]ﬁT +77 [WgSC}ﬁT
T T
+r' [WGS }JF e+ ZWM, W ZW 27)
+Z Wil W,
=1
Bién dbi biéu thirc sau:
W§[1¢A11ﬁ,
Wi,
[WM M]n = [Tl 7'2 n} e ZWMZQSMLTIT i
W f] n ¢Mn 777'
rT [WZ;S ]7] = ZW ¢C,77, i
7S] = W,
Do d6 (27) duoc bién ddi nhu sau:
V= —rTKpr — rTKT sgn(r) + rfe 4+ ZWM(ﬁMn T + ZW RoW/Rs
(28)

"‘i: W?ﬁ + ZWM ) Mi + ZW?I:Wﬁ + ZWﬁF:WG‘
i=1 i=1 i=1

C6 biéu thirc sau:
WMi = _WMi’WCi = _WCi’WGz' = _WGi
Thay thé luat cap nhat thich nghi (21)-(23) cing véi diéu kién k> |e | vao biu thire
(28) ta duogc:
V= —rTKpr — 'K sgn(r)+r'e < —TTKPT‘ <0 (29)

Do vay:

t t
A (K) [77r < [+7K r <V(0) (30)
0 0
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Trong d6 A (K ) la gia tri tri riéng nho nhat cia K .ViV(0) va A (K)) lanhing s6

min V4

duo*ngchiraréng rel;.DodéecNL ,e laliéntyc, e — 0 khi t — oo va ée L.

Hon nita vi V < —r"K r <0, n6 chi rarang 0<V <V/(0),¥¢t>0. Hon nita V(t) € L_

WC,WG bi chan nghia la W,

M

W,,W,, cling bi chan.

M’

t
cho thay rang f r'dt, W,
0

Tir cac Gid thiét 1 dén Gia thiét 3 ta c6 e € [; N L' ,é € L va 1),,ij, € L' ¢ thé két
luan rang 7 € L' ,ij € L' . Bing cach quan sat r € L} va tr 1,7 € L' ¢6 thé két luan
ring 7 € L tir biéu thire (20) va 7 € L' tir biéu thie (16).

Str dung cac két luan r € L} va 7 € L' dé r — 0 khi ¢ — co. Hién nhién é — 0 khi

t — oo. Dinh ly dugc chung minh.
3. KET QUA MO PHONG THUAT TOAN TREN MATLAB-SIMULINK
3.1. Tham s6 mé phéng
Tién hanh mo phong trén Ro-bdt tay may véi 2 canh tay lién két (two-link) nhu sau:

Yy -~

Hinh 1. M6 hinh r6-bot hai canh tay lién két

M(n) = p, +p, +2p,cosq, p,+p,cosg,
P, + P, €osq, p,
. |7Pyg,sing, —p, ¢, +¢, sing
C(n, 77) — 5 2 ] 2 3 1 2 2
Pyd, sing, 0
Gln) = p,gcosq, +p.gcos q, +gq,
p.,gcos g +q,

T T T
Chon p =[2.9 0.76 0.87 3.04 0.87] . 1(0) = [0.09 —0.09] 7(0) = [0.0 0.0]
Quy dao bam mong mudn ctia canh tay thir nhét va thi hai la 7 = [0.5 sin(mt) sin(mf)]

100 O
0 100

100 O
0 100

Chon céac tham so ctia cac b diéu khién duoc chon Kp =

’ i
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5.0
0 5.0

. Phan tir cia cdc ma tran hé s6 trong ludt cap nhat thich nghi

clia céc trong s& mang no-ron trong cac cong thirc (21)-(23) 1a T' w =51, =10, =5.
Mang RBF dé uéc tinh M(n), C(n,7),G(n) c6 thong sé cac ham Gaussian dugc thiét ké p,
va ¢, nhu sau [—1.5 —-1.0 -0.5 0 0.5 1.0 1.5] va 10. Gia tri ban dau cua trong )

mang dugc chon 1a 0.

M6 hinh dong hoc 77
ro-bot tay may (1)

\

Kkhién (16)

|

A oA I
Luat diéu |
|

|

|

Hinh 2. Céu triic diéu khién ciia hé thong

3.2. Két qua md phéng

1.5 T T T ; Quy deo dat -
g 1 = = +Quy dao bam cua tay may
E B i
z
= 051
<
3
Q
g 0
@
o
2 -05F
kS
>
= -lr
o4

-1.5 1 1 1 | |

0 5 10 15 20 25 10

Time(s)
Hinh 3. Bap ing quy dao dat cua r6-bot tay mdy
1.5 T T — T

Tée 4o dat
= = :Toc d§ bam cua tay may

Tbe d6 bam cua tay may

_15 | | | 1 |
0 5! 10 15 20 25 30

Time(s)
Hinh 4. Pdp iing toc dic dat ciia r6-bot tay mady
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9 T T T

——— Pau vio diéu khién

Piu vao didu khién cua tay méay

= 1 | | 1 1 |

0 5 10 15 20 25 30
Time(s)

Hinh 5. Pdu vao diéu khién ciia ré-bot tay mdy

Nhan xét:

Trong két qua mo phong ctia thuat toan, dép Gmg dau ra ctia ro-bt tay may hai lién két co
chat lugng t6t, bam quy dao dat voi sai sé nho trong thoi gian qua do thap thé hién trén Hinh
3, Hinh 4. Pau vao diéu khién cua hé théng bao dau dao dong 16n do hé dang qua d9, khi hé
xac lap dao dong trong khoang —1[N][N.m] < 7[N][N.m], chimg t6 mang no-ron thiét ké wdc
luong gan dung, cac ham bat dinh c6 trong md hinh dong hoc ciia tay may. Nhu vay thuat
toan diéu khién hoan toan dép tmg yéu cau diéu khién bam quy dao cia tay may.

4. KET LUAN

Trong bai bao nay sir dung két qua nghién ciru clia cong trinh [11] dé phat trién bo diéu
khién m&i dua trén ludt didu khién bén vitng va luat diéu khién xap xi ding mang no-ron wéc
tinh cac ham bét dinh c¢6 trong mé hinh. Su 6n dinh cia hé thong véi thudt toan d& xuit véi
cac giai phap ctia vin d¢ diéu khién bam quy dao dugc thanh lap. Bai bao nay ciing trinh bay
1y thuyét chirng minh sy hoi tu cua céc trong sé mang no-ron. Két qua moé phong di danh gia
tdt két qua dat dugc.
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