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PIEV KHIEN BU NHIEU CHO CANH TAY MAY POI
SU' DUNG MANG NG-RON NHAN TAO

DISTURBANCES REJECTION CONTROL FOR DUAL ARMS ROBOT

USING ARTIFICIAL NEURAL NETWORK
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TOM TAT

Bai bdo trinh bay phuong phap diéu khién bu nhiéu cho hé canh tay may doi
st dung mang no-ron. Bang cach cap nhét tham s6 cila mang sao cho t6i thi€u
héa su anh hudng ctia nhiéu dau vao, quj dao cc trang thai clia hé sé dugc dam
bao bam theo tin hiéu dt cho du hé c6 chiu téc dong cda nhiéu hay khong. Céc
két qua thuat toan dugc md phdng trén Matlab Simulink qua d6 su hiéu qua cta
phuong phap dugc kiém chiing dong thai cong viéc so sanh véi bo diéu khién
trugt cling dugc thuc hién nham cho thay vu thé ctia mang na-ron.

Tir khéa: Diéu khién bir nhiéu, diéu khién thich nghi, mang no-ron, cdnh tay
mdy dbi, robot song song.

ABSTRACT

This paper presents a disturbances rejection control method for dual arms
robots using artificial neural networks. By updating the network parameters to
minimize input disturbances, the system's state trajectory is guaranteed to
follow the reference signal regardless of whether disturbances are present. The
Matlab/Simulink software simulation results show the proposed method's
effectiveness and advantages over sliding mode controllers.

Keywords: Disturbances rejection control, adaptive control, neural network,
dual arms robot, parallel robot.
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1.GIGI THIEU

Robot dang canh tay mdy d6i dugc st dung rong rai
trong cong nghiép, cac hé théng cé thé hoat déng doc
lap hodc phoi hgp va6i con ngudi theo dang day chuyén
hoan thanh nhiéu nhiém vu khac nhau trong qua trinh
san xudt [1-3]. Chinh vi vay, van dé diéu khién cac cau
hinh canh tay robot mét cach chinh xac va linh hoat sé
anh hudng truc tiép ti sy hiéu qua van hanh cda toan
day chuyén. Béi véi canh tay may déi c6 méd hinh toan
hoc dang phi tuyén, bo diéu khién cuén chiéu
(backstepping) ciing nhu bé diéu khién truot [4] da dugc
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st dung kha hiéu qud dé dua cac goc quay robot bam
theo gia tri dat déng thai loai bé dugc phan nao su anh
hudng cta nhiéu. B6 diéu khién trugt véi mat truot déng
[5] ngoai giltr dugc uu diém cta bo diéu khién cudn chiéu
(backstepping) cling nhu bé diéu khién trugt thi né con
han ché su bung nd toan hang gay ra khi thuc hién tinh
toan. Tuy nhién, véi viéc cé su xuat hién cta ham dau
trong biéu thic xac dinh tin hiéu diéu khién, viéc xay ra
hién tugng rung (chaterring) 1a khong thé tranh khoi véi
ca bo diéu khién trugt va bo diéu khién mat dong. Mot
cach tiép can khac la sir dung hé logic m& moét cach truc
ti€p [6] hodc két hagp véi bd diéu khién cuén chiéu [7] hay
b6 diéu khién truot [8] nham nang cao tinh thich nghi
cla bd diéu khién. Theo d6, khi cé su tham gia cla hé
md&, bo diéu khién c6 kha ndng tu diéu chinh cac tham s
dé phu hgp véi su anh hudng tir cac tac dong bén ngoai
Ién d6i tugng.

Hién nay, mang no-ron nhan tao dang dugc ung dung
rat nhiéu trong ky thuat diéu khién [9] [10] va mang lai
nhiing két qua tich cuc. VSi kha nang xap xi ham s6, su
tham gia clla mang no-ron trong cac bo diéu khién sé giup
hé théng khong chi dap tng t6t vai nhiéu dau vao ma con
han ché dugc su thay déi clia cac thanh phan bat dinh
trong hé théng cling nhu gilt nguyén chat lugng diéu khién
du cho méd hinh ¢6 sai léch. Tan dung uu diém trén, trong
bai bdo nay bo diéu khién bu nhiéu sé dugc dé xuat vdi
thanh phan quan trong nhat chinh la mang no-ron. Bang
cach cap nhat cac tham s6 ctia mang dé t6i thiéu hda su
anh hudng ctia nhiéu, phuong phap dé xuat hudng téi viéc
cung cdp cho bo diéu khién kha nang duy tri quy dao du
cho nhiéu tac ddéng manh vao hé théng, diéu con han ché
trong cac bo diéu khién trugt thong thudng. Béng thdi, su
hiéu qua clia thuat toén cling dugc kiém ching qua cac két
qua mo6 phdng va dugc danh gia théng qua su so sanh vdéi
b6 diéu khién truot dugc dé cap trong [4].

2. MO HINH PONG LU'C HOC CUA CANH TAY MAY POI
[5,8]

Hé robot song song hai canh tay c6 thé dugc mé ta nhu
hinh 1. Trong d6 hai canh tay dugc gan c6 dinh vai san, moi
canh tay gém hai khdp cé thé quay linh hoat 360 dé.
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Hinh 1. M6 hinh Robot song song hai canh tay

Céc ki hiéu dai lugng cua hé:

e by, by, bz by: an lugt 1a hé s6 ma sat cac truc 1,2,3,4
cla hé;

®0,,0,,05,0,:1an lugt la goc quay clia bén khép;

e m;, m,, m3, my: lan lugt la khéi lugng cta bén truc;

o1, 15,15, 1,: 1an luot 1a chiéu dai ctia bén truc;

oI, 15,15, 1,: 1an lugt la momen quan tinh cla cé bén
truc;

e lc,, Ig,s e, Ic,: 1an lugt la khodng céch ti trong tam
dén tam quay ctia bon trug;

® X1, V' toa d6 khoi tam clia vat.

Y mft)g

Hinh 2. M6 hinh lyc tdc dong lén vat
Theo dinh luat Il Newton: khi hai canh tay tac dong Ién
vat, cac luc tdc dong lén vat sé dugc xac dinh theo hinh 2
nhu sau:
m()Xpy ) = F, — F;
m(t)ym(t) = 21:sly = 21:‘SZy (1)
m(t)g = ZFSZZ = ZFSZZ
vGi m(t) la khéi lugng vat ma robot phai gap luc, ma sat
tac dong Ién vat dugc xac dinh béi:

m(vg)?
Fsiy” + (T) < (WFy)?

m(vg)?
Fsoy” + (T) < (WFy)?
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Khi hudng cla luc F; va F, dugc xac dinh phai luon
hudng vé tai thi tai dugc gilr trén hai tay mot cach hiéu qua
do d6 cac luc nay phai duang. Nhu vay tir phuong trinh vé
Iuc ma sat trén va diéu kién dé cho luc F, va F, duang, luc
F, va F, c6 thé dugc tinh nhu sau:

o ¥,>0

3)
[Fo =2 (22" (75" s,
e X, <0
=1 (22 () -, .

(7= 1)+ (3

Pé xay dung mé hinh ddng luc hoc cho hé tay may dbi,
ta st dung phuong phép Euler-Lagrange théng qua dong
nang va thé nang tai khéi tdm cla 4 khau chuyén déng.
Theo [8], phuong trinh dong luc hoc cho ting khdp thé
hién méi quan hé gila tin hiéu diéu khién diu vao va cac
trang thai ctia hé thong thu dugc nhu sau:

e V&ikhdp thi nhat:

81(A; + A, + 2A;5 c0s(8,)) + 8,(A, + Az cos(8,))

—A5(03 +26,6,)sin 0,

=1, — F{[l; sin 8, + 1, sin(0; + 6,)]

—Fgiy[ly cos 0, + 1, cos(B; +6,)] — d, 0, (5)

e Véikhép thu hai:

0,A, + 6,(A, + Az cos(8,)) — A;6,0, sin(8,)
=1, — F,l,sin(8; + 6,) — Fgyyl, cos(8; +0,) —dz0, (6)

e Véikhép thu ba:

B5(Ay + As + 2A4 cos(8,)) + 0,(As + Ag cos(8,))

—Aq(63 + 2650,)sine6,

= 13 + F,[l5sin(83) + 1, sin(0; + 6,)]

—Fyzy[l3 cos(63) + 1, cos (03 + 0,)] — d365 (7)

e V6ikhép thu tu:
0,A5 + 05(As + Ag cos(8,)) — AgH36, sin(8,)
=uy — F,l, sin(0; + 6,) — Fe3yly cos(0; + 6,) — d,b, ()

G day:
Ay =mylE +mylf +1,

A4 = m3l(2:3 + m4k§ + 13, A5 = m41(2:4 + 14, A6 = m4131(2:4

A2 = mzléz + 12, A3 = m2111C2

Va 14, 1,, T3, T, tUong Ung la cdc momen lyc tac déng
vao tuing khép robot.

M6 hinh ctia hé robot song song hai canh tay c6 thé
dugc viét dudi dang ma tran [8] nhu sau:

M(q)§+C(g,9)a+Dg=1+]"F+14 9)
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Trong do:

— M(q) lama tran quan tinh.

— €(g,g) 1ama tran Coriolis va thanh phan huéng tam.
— D lamatran ma sat.

— tlamé-men lyc tac dong vao hé.

— Jla matran Jacobi.

— 14 la vecto dai dién cho nhiéu bén ngoai tac dong
vao hé théng.

61 Tq [ F1
19, T2 _ Fsly]
9_ 93’1?_ T3'F_|F2| )
0, Ty lFsZyJ Hinh 3. Cau tric mang no-ron dugc st dung
Va néu K; va K,
M(q) = Az + A3 c0s B, Ay 0 0 thiic dac tinh H(s) = s?
2 0 0 A, +As +2A5cos60, Az + AgcosB, - Ks - K, = 0 Ia
0 0 As +Agcos B, As Hurwitz ta sé c6 sai
[ O —A5(6, + 6,)sin®, 0 0 1 lech diéu khién e hoi
C(ad) = |A391 sin 6, 0 0 0 | :u vé kllc;]ng ttr7dc’> cle]if
9.49)= A (¢ A\ rang ai clha hé
0 0 . 0_ Aq(04 + 85 sin 6, théng bam theo gia tri
0 0 AgB3sin B, 0 dat ban dau. Tuy
J=01 J2I7 nhién trong thuc té,
[—1;, sin®; —1,sin(8; +6,) —l;cosB; —1,cos(B; + 6,) viéc xac dinh mot cach
J, = —1, sin(0, + 6,) —1, cos(6, + 6,) chinh xac than~h phan
1 0 0 F la khong dé dang.
0 0 Chinh vi ly do nay, bai
0 0 bdo dé xuat phuong
0 0 phap st dung mang
]2 = 13 Sln 63 + 14 Sln(93 + 64) _13 COoS 93 - 14 COS(93 + 64) noron de Xap Xl F’ tu
. do6 thu dugc tin hiéu
14 Sll‘l(93 + 64) _14 COS(93 + 94) * °

3. PIEU KHIEN BU NHIEU CHO CANH TAY MAY POI sU
DUNG MANG NO-RON NHAN TAO
Tu md hinh (9) clia déi tugng, ta co:
4=M"1t+]"F + 14 — Cq — Dq] (10)
Pé diéu khién céc trang thai clia hé théng bam theo gid
tri dét q,, ta dinh nghia sai léch diéu khién lae = g, — q va
biéu thuc (10) c6 thé biéu dién lai dudi dang sai léch diéu
khién nhu sau:
€=G,~-4=Kie+K,;¢—M'1+F (11)
Trong d6 K; va K, 1a hai ma tran hé sé c6 kich thudsc
4 x 4 dugc lya chon tuy y, F dai dién cho toan bd thanh
phan bat dinh cta hé théng bao gém ca nhiéu dau vao, F
dugc xéac dinh bang:
F=-M"J"F + 14 — Cq — Dg] + §, — K;e — K¢ (12)
Trong trudng hap F 1a xac dinh, ta hoan toan cé thé
thiét ké bo diéu khién theo céng thtic
T=M.F
Khi dé mo hinh sai léch cta hé tré thanh

(13)
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diéu khién dit vao hé
théng.

Mang no-ron dugc thiét ké 3 thanh phan chinh nhu
hinh 3 bao gém mét |6p dau vao, mét Idp &n va 16p dau
ra. Dau vao clia mang no-ron sé la cac bién trang thai cta
hé théng q cung dao ham ( cta chdng, dau ra mang no-
ron sé |a thanh phan xap xi F. Dat W € R¥*™ |3 ma tran
trong s clia mang va h € R |3 vecto dau ra cla Idp an
vGi ham truyén dugc dinh nghia bang:
exp<_||g—cu||2+2||q—92i||2>

b?

h; = > - .

bj

(15)

Véi n 1 s6 no-ron ctia mang, dau ra F sé dugc xac dinh
bang céng thuc:

F=WTh (16)

Gia st F* = W*Th 1a gia tri uSc luong t6i uu khi st dung
mang no-ron RBF dé xap xi F, ti (11) véi tin hiéu diéu khién
=M. Ftaco:

¢ =Ke+K,e+Wrh+w (17)

Vol. 58 - No. 5 (Oct 2022) e Journal of SCIENCE & TECHNOLOGY | 5



CONG NGHE

P-ISSN 1859-3585 | E-ISSN 2615-9619

Véi w = F — F* la sai léch xap xi t6i uuva W = W* — W

sai léch bo trong sé hién tai véi bé trong s6 t6i uu.
Q)
Patg=[e ¢ A= [ 4 ] B—[I ]\/(7|(a4\/a14
4

lan luct l1a ma tran khéng va ma tran dgn vi kich thudc
4 X 4, biéu thuc (17) c6 thé viét lai thanh:

§€=At+B(W'h + w) (18)

Vi K; va K, dugc chon sao cho da thuic dac tinh H(s) la
Hurwitz ta suy ra dugc ma tran A cling la ma tran Hurwitz,
tor d6 véi ma tran Q déi xiing xac dinh duong phuaong trinh
Lyapunov sau luén tén tai nghiém P:

ATP+PA=-Q

Chon ham Lyapunov cé dang:
1 1 e — 1Y

V=_gTPg+ - tr(WT'W)

(19)

(20)

Véi tr(-) 1a ham Idy téng dudng chéo va T la ma tran
hdng sé xac dinh duong. BPao ham ctia ham Lyapunov thu
duoc:

V = ET(ATP + PA)E + E"PB(WTh + @) + tr (WTT1W)
= —€TQE+ tr (WT (hg™PB + r—1W)) +&PBw  (21)

Luat thich nghi cho mang noron dugc thiét ké thoda
man:

W = Ihg"PB (22)
Hay:
W = —Thg"PB (23)

Sé khién biéu thic dao ham cta ham Lyapunov trg
thanh

. 2

V =—¢TQ¢ + "PBw < —[¢| "A|E||PBw|min (24)

V&i Apin la tri riéng nhd nhat cda Q. Khi §¢ A=
{§||E| (PRl {}} thi V < 0, tuc la € sé tién vé mién A chia
géc 0 theo tleu chuan Lyapunov tir d6 c6 thé néi hé én
dinh ISS. Nhu vay bang cach thiét ké mang noron nhu trén,
vdi luat thich nghi dugc cho bdi cong thuc (23), su én dinh
cla hé da dugc chiing minh.
4. KET QUA MO PHONG

Pé kiém tra su hiéu qud cla bé diéu khién, phan mé
phong kiém ching sé dugc thuc hién trén Matlab Simulink
V@i cac thong s6 vé ddi tugng va bo diéu khién nhu sau véi
ham eye(n) cho két qua dau ra ma ma tran don vi kich
thudcn X n:

Bang 1. Théng s6 md phdng cta doi tugng va b diéu khién

lL=L=L=l, 1,2[m] lo=lo=ls=14 0,48[m]
m=m,=m;=m, 1,5[kg] l=L=L=I, 0,18[N.m]
ly 1,2[m] m 2[kg]
K, -25eye(4) n 4
K, -10eye(4) [ 5000eye(n)
Q 2000eye(8)
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K&t qua mo phong sé dugc thé hién qua hai trudng hop
déng thai bo diéu khién thich nghi bu nhiéu sir dung mang
nc-ron (ANNC) dé xuat sé dugc so sanh vai bo diéu khién
trugt (SMC) dugc thiét ké trong [4].

Trudng hop 1. Khi hé théng khong chiu anh huéng I6n
tUr nhiéu dau vao
¢ Dap Ung trang thai thu dugc

1.5

1
s /
0

0 0.5 1 1.5 2
Thoi gian (gidy)

1.9

1.8}
"P\bl

1.7

1.6 |

0 0.5 I |,5
Thoi gian (gidy)

3 L
=" 28}
2.6

0 0.5 1 1.5
Thaoi gian (gidy)

-1.6
-1.7
<+
B
-1.8
-1.9

0 0.5 1 1.5
Thoi gian (gidy)
Hinh 4. Dap ting trang thdi hé thong khi hé khdng chiu anh hudng ldn tur
nhiéu

= Qn\« dao dat
==-SMC

== Qu¥ dao dat
=-=-=SMC
—ANNC

o L

== Quy dao dat
===SMC
—ANNC

(%]

== Quy dao dat
=--SMC
—ANNC

%]
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e Sai léch diéu khién:

3
6% 10
4 =
v 27
0
] : : ;
0 0.5 1 1.5 2
Thoi gian (gidy)
0.01 E .
--=-SMC
0.005 —ANNC|
dJ!“I 0 e
-0.005
-0.01
05_ .. .1 15 2
Thoi gian (gidy)
3
] = IO /\
0
v -1
-2 -=SMC
—ANNC
3 : : : ;
0 0.5 1 1.5 2
Thoi gian (gidy)
, %107
0
o' -2
4 —=SMC
—ANNC
-6 . .
0 1.5 2

5 1

Thoi gian (gidy)

Hinh 5. Sai l&ch diéu khién khi hé khdng chiu anh hugng l6n tit nhiéu

C6 thé thdy rang ca bo diéu khién bu nhiéu st dung
mang nao-ron lan bd diéu khién trugt déu cé kha nang dua
cac trang thai hé théng bam theo gia tri dat véi sai léch bé.
Do céc trong s6 clla mang yéu cau thoi gian dé cap nhat
nén trong vong 1 gidy dau tién, sai léch ma bo diéu khién
st dung mang na-ron c6 phan Idn hon so véi bo diéu khién
trugt. Tuy nhién, sau khi cac trong s6 nay da dugc xac dinh,
chat lugng bam ma bo diéu khién dé xuat mang lai t6t hon
o0 v6i bo diéu khién trugt dat biét & khdp thi nhat va khép
thd ba.

Trudng hop 2. Khi hé théng chiu anh hudng l6n tu
nhiéu dau vao

¢ Dap Ung trang thai thu dugc
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/,’_"———-——.

0 == Quy dao dat
—---SMC
—ANNC = |

0 0.5 1 1.5 2

Thivi oian (oiav)

== Quy dao dit|
—--SMC
—ANNC |

0 0.5 1 1.5 2
Thoi gian (gidy)

== Quy dao dat
—--SMC
—ANNC

k=

1 L5

Thoi gian (giay)
Hinh 6. Dap ting trang théi hé thang khi hé chiu anh hudng Ién tir nhiéu
e Sai léch diéu khién

0.05

0 e
-0.05 \ s
R | \ /
\
-0.15 \ /

\ / ~=-SMC
02} [=—ANNC!

0 0.5 1 1.5 2
Thoi gian (gidy)
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0.02r
K N NP N
0K \\E_ [
0021\ e s
‘1 Fi P il
-0.04 + '\\ r_JI = SMC
Y — ANNC
-0.06 >
0 0.5 1 1.5 2
Thaoi gian (gidy)
0.01
0 v—m.%.
_1_ —=-SMC
o -0.01 N, — ANNC
Y b 4 et
-0.02 “v‘ el ‘HV" z\.,"",
-0.03 -
0 0.5 | 1.5 2
Thoi gian (gidy)
0.057
w” '-\ | % I
0.05 A" =
N7 ---SMC
- — ANNC
-0.1
0 0.5 1 1.5 2

Thoi gian (gidy)

Hinh 7. Sai l&ch diéu khién khi hé chiu anh hutng I6n tit nhiéu

Trong trudng hgp hé chiu anh huéng 1én béi nhiéu, bd
diéu khién st dung mang no-ron cho két qua t&t hon han
khi van diéu khién dugc goc quay clia cac khép bam theo
quy dao dat trong khi v6i bd diéu khién trugt, sai s6 diéu
khién la tuong d6i nhiéu. Diéu nay ching td véi su ho trg
clia mang na-ron, bd diéu khién c6 kha nang loai bé phan
I6n sy anh hudng cda nhiéu cing nhu dam bao dugc chat
lugng diéu khién theo yéu cau.
5. KET LUAN VA HUGNG PHAT TRIEN

Bai bao da trinh bay mét phuong phap diéu khién bu
nhiéu s&t dung mang no-ron cho hé théng hai canh tay
robot. Cac két qua mé phdong cho thdy su hiéu qua cua
mang na-ron khi dugc st dung nhu mot céng cu dé tdi
thiéu héa su anh hudng clia nhiéu 1én hé théng. Két qua so
sanh vai bo diéu khién trugt cling thé hién tinh vugt troi
cla phuong phap dé xuat trong nhiém vu han ché nhiing
tdc dong bén ngoai lén hé théng va véi cong thiic xac dinh
b6 diéu khién khéng st dung dén ham dau, bo diéu khién
st dung mang no-ron cing da loai bé dugc hién tugng
chattering tén tai trong bd diéu khién trugt. D& nang cao
hon niia khd nang xt ly ctia bé diéu khién trong nhiéu tinh
huéng van hanh khac nhau, mang no-ron ciing sé la cong
cu thich hgp dé xay dung cac thuat toan diéu khién du bao
clng nhu diéu khién t8i uu ma van gitt dugc kha nang dap
Ung t6t vGi nhiing anh hudng cta nhiéu.
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