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XAY DUNG THUAT TOAN BIEU KHIEN MANG NORON
DUA THEQ MO HINH MOMEN TINH TOAN CHO ROBOT

TRONG KHONG GIAN LAM VIEC

BUILDING UP NEURAL NETWORK ALGORITHM BASED ON COMPUTED-TORQUE METHOD

FOR ROBOT CONTROL IN CARTESIAN SPACE

TOM TAT

Bai hao dé cap dén van dé ting dung mdt s6 gidi phap diéu khién mang
noron dya theo md hinh mémen tinh toan cho Robot Almega 16 trong khdng
gian lam viéc. Khi khong biét chinh x&c cac thng s6 dong luc hoc clia Robot
Almega 16, luat si dung mang noron dya theo mé hinh mémen tinh toan da giai
quyét van d& nay béng viéc uéc Irong céc thong s do va s tu tinh toan cac goc
khdp phu hop, c6 kha ndng bu nhiéu dya theo md hinh méau trong khong gian
lam viéc. Két qua md phdng trén phan mém Matlab-Simulink cho théy hé diéu
khién chuyén dong Robot Almega 16 da dap tng duroc yéu cau digu khién: dam
béo sai 56 clia ban tay theo truc x, y nhanh chéng dat téi khdng va thoi gian qua
0 nho.

Tlr khda: Phirong phap diéu khién momen tinh toan trong khdng gian lam
viéc, diéu khién mang noron.

ABSTRACT

This paper presents a problem Application solutions Neural Network
Algorithm Based on Computed -Torque Method for Robot Control In Cartesian
Space. To control the Robot, the problems with unknown kinematic and dynamic
parameters is solved by implementing neural network based on computed
torque method to estimate the parameters and compensation the disturbances
from the sample model in cartesian space. The simulation results in the control
requirements: steady-state errors of robot joint space x, y quickly converge to
zero and transient time is short.

Keywords: Computed-torque control in Cartesian Space, neural network control.
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1.DAT VAN BE

Trong tai liéu [1], viéc xay dung thuat toan diéu khién
thich nghi Li-Slotine trong khéng gian lam viéc cho thay
wu diém cltia phrong phap nay la khi khéng biét chinh xac
céc théng s6 dong luc hoc clia Robot, luat diéu khién thich
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nghi theo Li-Slotine da giai quyét van dé nay bang viéc wéc
lvgng cac thdng s6 d6, lam khéi lwvgng tinh toan gidm
nhiéu so voi cac phuong phap diéu khién khac [2] ma van
dam bao Robot van hanh linh hoat dong thoi khir duoc cac
thanh phan sai léch géc khép va vi tri clia khau tac dong
cudi lam cho hé chuyén déng Robot 6n dinh, chinh xac voi
thoi gian qua do nho. Nhung nhuge diém Ién nhét cla
phuong phap diéu khién nay 1a yéu cau khéi lugng tinh
toan on-line I6n va khéng bén vitng khi co tac déng nhiéu
ngoai. Trong khi dé phuong phép diéu khién mang noron
dwa theo md hinh mdémen tinh to&n trong khdng gian lam
viéc [5, 6] la phuong phap b nhiéu dwa theo mé hinh
mau, mé hinh mau & day 1a mé hinh mémen tinh toén, voi
mot sb tinh chat tinh toan t6t rat phu hop dé str dung véi
mang noron. Uu diém clia phuvong phap nay don gian vé
mat toan hoc, giam khdi lugng tinh toan on-line ma van
dam bao tinh thich nghi cao, khi* nhiéu ngoai, dap tng su
h6i tu cla sai léch vi tri ban tay Robot vé khong.

2. NG DUNG MOT SO GIAI PHAP DIEU KHIEN ROBOT
SU DUNG MANG NORON DUA THEO MO HINH MOMEN
TINH TOAN

Khi khong biét chinh xac cac thong sé déng luc hoc clia
Robot [2, 3, 5, 6] luat diéu khién st dung mang noron dva
theo md hinh mémen tinh toan trong khéng gian lam viéc
da giai quyét van dé nay bang viéc woc lwong cac thdng sé
d6 va bu nhiéu dwa theo md hinh mau. Théng thudng ngudi
ta hay st dung mang nhiéu I6p truyén thdng 1am mé hinh
mau, lam cac b diéu khién cho déi twgng 1a phi tuyén. Khi
hé thong da dwoc nhan dang véi do chinh xé&c nhét dinh, qua
trinh diéu khién dwoc bat dau dé cho dau ra clia hé théng
bam theo dau ra ctia mé hinh 6n dinh. B6i twong nghién ciru
la Robot Almega 16 c6 03 khép quay [2], Phwong trinh dong
Iuc hoc téng quat dugce xay dung, mo ta béi:

t=D(a)q +h(@,9)+1(d) @)
Trong dé: T - mbmen dat Ién khép i khi thyc hién

chuyén dong quay, D - ma tran quan tinh (mxn), h - vecto
trong ho va ly tam (1xn), t,(q)=K;sgn(q)+K g - vecto ma sat
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dong, ma sat tinh, q - bién khép, - dao ham bac nhét cla
bién khop.

Chuyén déi tlr khdng gian khép g sang khéng gian lam
viéc X, dugc dat nhu sau:

X =3(@)4,X = I@)§+34 @

Trong dé:

X - vi tri clia khau tac dong cudi cing clia canh tay
robot duoc do bang cdm bién;

J(q) - ma tran Jacobian, nxn.

Thé (2) vao (1), xac dinh duoc:

©=D(0)J7(@(X-JQ) +h(g,4)+7,(4) ®)
Ma;
t=J7F 4)

TU (2),(3),(4) phuwong trinh ddong luc hoc ctia Robot c6
dang sau:

F=D"(X)X +h"(4X)+F () (5)
Trong dé:
D" =J (@)D (@), h" =3""h(a,) =D’ ()W X,F =" "7, (6)

Dua theo bd diéu khién moémen tinh toan [2,4], trong
khéng gian lam viéc;

F=D'u +h" 6)

Trong dé:

D" - gia tri woc lwgng clia ma tran quan tinh D;

h*- gia tri uéc lvong clia vecto twong hd va ly tam va
vecto trong trvong h(g,q);

u - tin hiéu diéu khién.

Tin hiéu diéu khién u, [4] dugc x&c dinh nhu sau:

u= Xy +Kp (Xg - X)+Kp (Xg - X) )
Trong dé:

Ko, Kp - hé sb diéu chinh clia b6 diéu khién;

Xq- Vi tri dat.

Thé (7) vao (6) xac dinh nhu sau;

F=D (Xg +Kp(Xq-X)+Kp (Xg - X))+ )

=D Xy *DKpE+D KpE+h =D" (X +KyE +KpE)+h'

Trong dé:
E - sai léch vi tri, xac dinh;

E=(Xq-X):E=(Xg-X)
Thay (8) vao (5) xac dinh dugc phuong trinh dong luc

hoc kin:

D" (X)X +h"(X, %)+ F'{ (X) = D" (X + KpE + K,E) + K )
Va céc sai Iéch gilta gid tri that va gid tri wéc lugng nhu sau;
AD =D -D",Ah" =h" -h"

Phuwong trinh dong lwc hoc kin clia robot (9) tré thanh:
v=E+KpE +KpE =(AD"X +Ah*+Ff*jD*_1 (10)

Trong trevong hop ly twéng phuong trinh (10) tré thanh

tuyén tinh trong khdong gian lam viéc néu
AD" =0,Ah" = 0,F =0 thi:
v=E+KpE+KpE=0 (11)

So d6 cdu tric hé théng diéu khién theo mé hinh
moémen tinh todn trong khéng gian lam viéc, hinh 1.
%0

Robot

Hinh 1. So do cau trlic hé thang diéu khién theo md hinh md men tinh toan
trong khong gian lam viéc

Pé xac dinh duwoc hé thic sai léch (11) la diéu rat kho
khan hodc khéng xac dinh dwgc trong phuong phap diéu
khién momen tinh toadn vi can phai biét day a0 va chinh xac
cac thong sb cling nhu dac tinh déng luc hoc cua robot.
Tuy nhién céc thong s6 dong hoc clia robot thay déi trong
gua trinh lam viéc, nén dé khir cac thanh phan phi tuyén
cling nhu phan ly dac tinh déng lvc hoc clia cac thanh néi
robot thi can phai uwéc lvgng chinh xac cac théng sb cla
robot trong qua trinh lam viéc. Hon ni*ta kha nang chéng
nhiéu clia phrong phap nay con han ché. Tuy nhién no lai
cung cdp cho mot kha ndng toan hoc dé sir dung mang
noron dva theo mo hinh nay dé tao ra mot mé hinh méi voi
nhitng dac tinh diéu khién vuot trdi trong khéng gian lam
viéc. T¢ md hinh mé men tinh toan [5, 6], dua ra dwgc cau
trdc cla hé thdng diéu khién sir dung mang noron kiéu bu
nhiéu dwa theo mé hinh hinh 1 trong khéng gian lam viéc
[5, 6].

Finile
Diference

—> x(1)
x(t)

Hinh 2. So d6 cau trdc hé thdng diéu khién no ron theo md hinh md men
tinh toan trong khdng gian lam viéc

BO diéu khién ding mang noron dua trén mé hinh
moémen tinh toan trong khdng gian lam viéc la phuong
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phap diéu khién truc tiép céc vi tri clia khau tac dong cudi
tlr tin hiéu ra cla mang noron, bd diéu khién nay sé huan
luyén cho tin hiéu sai lIéch v trong (10) vé khéng, khi d6 cac
vi tri clia khau tac dong cudi cia Robot sé bam chinh xac
theo quy dao dat. Tl hinh 2 cho théy, duya theo so do céu
trac hé diéu khién mé men tinh toan, thiét ké thém mang
noron, dau vao la cac tin hiéu vi tri, dau ra la gia tri bu vao
dau ra clia bd diéu khién @, tin hiéu sai léch dé huan luyén
mang no ron & day la v. Bai bao trinh bay 03 phuong trinh
diéu khién méi nhu sau:

Phuong trinh diéu khién mai 1:
. . 12
F:JT[D*u+h*}+@T 12
T (5) va (12) xéc dinh dwgc phwong trinh dong luc hoc
kin clia robot:

v =E+KpE +KpE = 51 (AD*)'(' + AR +Ff* T I‘l’r](lS)

Trong d6: AD - sai s6 gilta cac gia tri wéc lwgng ma tran
quéan tinh D véi cac gia tri thuc D, AH - sai s6 gilta cac gid tri
uwoc luong vecto trong hd valy tam h véi cac gia tri thuc h.

Mang noron dugc st dung cé nhiém vu phat ra tin hiéu
®, dat gia tri sao cho sai léch v tién t&i 0, khi d6 gia tri ly
tudng clia @, la;

o = (AD*X +AR" + Ff*] (14)
Phuong trinh diéu khién mai 2:

T (5) va (15) xéc dinh dwgc phuong trinh dong lwc hoc
kin ctarobot:

v=E+KpE +KpE = D*—l[AD*X’ + AN+ —q>f] (16)

Mang no ron dwgc st dung ¢6 nhiém vu phat ra tin hiéu
®; dat gia tri sao cho sai léch v tién t6i 0, khi do gia tri ly
tuwdng clia ¢ la;

@ =0 (DK + a0 +F | (17)

Tir (17) cho thdy gia tri bl vao dau ra cltia bo diéu khién
khéng con matran J; nhu (14).
Phuong trinh diéu khién mai 3:

F =JT{I5*[U+(D ]+ﬁ*}
u

T (5) va (18) xac dinh dwgc phuong trinh dong lwc hoc
kin clia robot:

v=E+KpE +KpE = 6*—1[AD*>'<' +Ah* +Ff*]—CD

(18)

(19)
u

Mang noron duwgc st dung cé nhiém vu phét ra tin hiéu
®, dat gia tri sao cho sai léch v tién t6i 0, khi d6 gia tri ly
tudng clia @, la;

@, =D" (A K+ 80" +F ) (20)
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Nhan xét: Tl hinh 2 cho thdy, dau vao la cac tin hiéu vi
tri, dau ra la gia tri bu vao dau ra ctia bé diéu khién @, @,
@, tin hiéu sai léch dé huan luyén mang noron ¢ day la v.

Thiét k€ mang noron

Bai béo lwa chon cdu hinh mang noron truyén théng c6
hai I6p 1a |6p dau vao valép dau ra nhu hinh 3.

'Y 4 N A
yl ¥
() 1
A}
e N NS J
Hinh 3. So d0 cdu trlic mang noron hai l6p duoc sir dung
Wy Wiy e W;q b,
Trong dé: w = Wog Wap oo Wap b= b,
Wgy Wgp o Wsp b,

Trién khai cu thé cho Robot Almega 16 v&i 03 bac tw do
la mang noron ¢6 9 dau vao cho la cac gia tri roi rac héa
cla vi tri cac khép.

_ | (1) 0y (t-1); 0yt 2); 0, (8); 0, (£ - 2);
qz (t - 2); qs(t); qs(t - l); qs(t - 2)

Lép thir nhat c6 ma tran trong luvong la w; la ma tran

c6 kich c& 9x6, ma tréan ngudng bilj co kich ¢ 1x6, daurala
ma tran Y cé kich c¢& 1x6. Vay ham Iép dau vao mang no
ron dwgc chon la ham Sigmoidal, [5]:

1

fi(x) =
) 1+e™

(21)

L&p thi hai ¢6 ma trén trong lvgng la wﬁ

kich ¢& 6 x 3, ma tran ngudng b? co kich ¢& 1 x 3, dau ra la
ma tran @, cé kich ¢& 1 x 3. Vay ham I6p ra la ham tuyén
tinh, [5]:

f2(x) = x (22)

Tl d6 thiét 1ap dwgc codng thic tinh dau ra @, theo dau
vao va cac ma tran thanh phan theo:

nH
¢, = Zw,zk

=1

la matran co

.
»(Zln:'lxlwﬁ +b})

1+e

+b? (23)

Trong dé: n,- an s mang no ron Igp an; n,- s6 dau vao
mang no ron; ®, - phan tt thudc cot thr k cla ma tran @,
w! - phan tl thudc hang i cot j cla ma tran w?; Wi - phan t

ij
thudc hang i cot k clla ma tran w2, X; - phan t& thudc cot
thiv i clla ma tran X; p!- phan t& thudc cot thi j ciia ma tran
J

bt bi - phan tir thudc cot thi k clia ma tran b2
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Néu n la tdng dau vao mang noron thi tong trong
lvgng:

w; =(n +1)n, +(n, +1)n (24)
Tong n, dau vao mang no ron: n=n,- Ny
Trong mang no ron nhu da chon béi:n, =6;n, =9;n=3
Suy ra: w; =81.
CAau hinh mang noron lya chon cu thé nhw hinh 4.

Hinh 4. Cau tr(c mang noron

Thuat toan huan luyén mang dwgc bai bao lya chon la
theo luat toan lan truyén nguoc dé cap nhat cac trong s
theo hudng giam dé doc sao cho gidm thiéu sai s6 clia mo
hinh v. Sai s6 dwoc do bang phuong phéap trung binh binh
phuong sai 1éch. Ham théng s6 cla mang dwgc xac dinh
theo biéu thirc nhu sau theo [4, 5, 6]:

1 r
J=— 25

SV (25)

Thuc hién tinh dao ham cla J theo céc trong s6 cua
mang xac dinh duoc [4, 5]

gzawv__aqfv

ow 0w 0w

Tl (26) thiét lap dwgc mbi quan hé gilra dao ham clia J
theo céc trong lvgng véi dao ham clia dau ra @, véi cac
trong lugng. Theo thuét toan lan truyén ngwoc st dung dé
cap nhap cac gia tri trong lugng méi, luat hoc duwgc cai tién
bang cach bd sung thém mot thanh luat goi 1a hang sé
dong lvgng [5, 6]:

(26)

w(t) = w(t-1)+Aw(t) (27)
Aw(t) = n%cz: v+ aAw(t-1) (28)

Trong dé: n - t6¢c dd hoc tap, ta chon n = 0,9 thich hgp
vGi ki€u bl nhiéu;

a- hé s6 dong lvgng, duoc chon o =0,01.

Tir (28) vdi cac phan tir clia cac ma tran w*, w? b', b’ cod
céng thic cap nhap tlring trong s6 cla cac ma tran cua
trng I6p va trng nguéng clia mang noron, nhu sau:

n
Awj(t)=ny;(1-y;)X; lkzzjlvkwjzk +0w; (t-1) (29)
Aw; (t) =nv,y; +ow;(t-1) (30)
n
Ab(t) = ny;(1-y;)X; [kglvkwjzk + by (t-1) (31)
Ab; (t) =nv, +ob(t-1) (32)
Cong thirc tinh dau ra sau I&p vao clia mang noron:
1
s (33)
1+ e’(Z.:lxl“’u*bl)
Cong thirc tinh dau ra sau I&p ra clia mang noron:;
o
Yie =D Yjwj +by (34)
=1

3. 'NG DUNG DIEU KHIEN SU' DUNG MANG NORRON
DUA THEO MO HINH MOMEN TINH TOAN CHO ROBOT
ALMEGA 16

M6 hinh ddng hoc clia Robot Almegal6 véi 3 bac tv do
dugc tinh toan theo [2]. D€ kiém chi*ng ('ng dung bai bao
chon phuong trinh diéu khién 3 cho Robot st dung mang
noron dua theo mé hinh mémen tinh todn trong khdng
gian lam viéc thiyc hién mé phéng véi cac s6 thdng s6 sau:
m; = 0,67[m]; m, = 0,52[m]; m; = 0,62[m]; |, = 0,95[m];
I, =0,65[m]; ;= 0,72[m].

Tham s6 b6 diéu khién va cac gia tri dat, bang 1.

Bang 1. Tham s6 clia bo diéu khién

Ky hiéu Téntham so Gia tri tham s6 céc truc khop
Xa Yo Gid tri dat X4 =0,3[m],y4=0,5[m]
K, Hesotjle | Kp, =1600, Ky =1600, K;, =1600
K He 56 vi phan Kp,=500; Kp, =500; Kp, =500

3.1. Trvong hgp chwa biét rd cac thong sé dong luc hoc
clia hé thdng va khong c6 nhiéu tac dong

Viéc xac dinh duoc chinh xac thong s6 dong lwc hoc clia
hé théng Robot Almega 16 1a rat kho khan dan dén céc
thong so dong luc hoc dra vao bd diéu khién la khong
chinh xac. D& ki€ém chitng thuat toan diéu khién bai bao da
gia thiét Robot Almegal6 cé khéi lvgng va chiéu dai cac
thanh néi khéng xac dinh dwgc chinh xac cac thong s6 nay,
nén cac thong s6 dong lvc hoc dwa vao bd diéu khién la cac
gia tri voc lugng: M., 11,1, gia st cac thong s6 dieu
khién van giir nguyén nhu bang 1, cac thong s6 dong luc
hoc thay déi nhu sau:

M, = 0,55[m]; M, = 0,42[m];m, = 0,52[m];

1=0,85[m]; | =0,55[m]; 1, =0,75[m]

K&t qua mo phéng nhw hinh 5.
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Hinh 5. Biéu dién sai l&ch vi tri x, y cho trudng hop khdng biét r§ cac tham
s6 dong luc hoc va khdng c6 nhiéu tac dong

Nhan xét: Tir két qud mdé phéng hinh 5 cho thay, sai
léch e clia ban tay may theo cac truc x, y la tién vé 0 chi sau
1,2s, hé 6n dinh va khong c6 sai léch tinh, khéng cé dao
dong, két qua mé phéng nay la ly tuéng déi voi mot hé
diéu khién trong thuc té. Cac hé s6 K, K, 1a cac hé sb hiéu
chinh dé hiéu chinh hé théng cé dugc két gua mong mudn.
3.2. Trvong hgp khong biét rd cac théng sé dong luc
hoc clia hé thdng va c6 nhiéu tac dong

K&t qua mo phéng nhw hinh 6.

0.4 T
]SSR RSN SRR S S— ]
ST W S SN S — 1
o E 3 : ;
I s L £ i i q
D ;
1 2 3 4 5
Tirne [s]
8 : ! : :
R TSR U ST ISR SO |
5 T : 1
1 2 3 4 5
Time [s]

Hinh 6. Biéu dién sai léch vi trix, y cho trudng hop khong biét rd cac tham s6
dong luc hoc vacd nhiéu tac dong

Nhan xét: Cac théng so dong lwc hoc thay déi co thé la
do nhiéu tac déng trong qua trinh lam viéc, c6 thé la do
tay may Robot tuong tac véi nhirng moi trwong khac nhau,
gap nhitng vat c6 khéi lvgng khac nhau nhing céc thong
s0 dong lwc hoc dwa vao bd diéu khién la c6 dinh va khéng
thay ddi trong sudt quéa trinh Robot 1am viéc dan dén ton
tai sai léch tinh. Néu trong trwong hop thay doi do cac
tham s6 cuia bd diéu khién duoc Iva chon phu hop thi sai
léch tinh cling tién vé 0. Nhw vay dé co thé loai bd duoc sw
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anh hudng nay thi c6 hai cach dé la cap nhat online cac
thong s6 dong lwc hoc, hodc la hiéu chinh online cac tham
s0 cuia bo diéu khién. Vi vay viéc cap nhat online cac thong
s6 dong luc hoc la can thiét.
4, KET LUAN

biéu khién Robot trong khdng gian lam viéc ngay cang
dugc phat trién, chiing ta chi can quan tam tai gia tri mong
muén cla ban tay Robot, khi dé bd diéu khién sé tuv tinh
toan cac goc khaop phu hop dé Robot c6 thé thuc hién
duoc chuyén dong bam sat quy dao mong mudn. Nhu vay
s& dé& dang cho nguoi st dung khéng phai tinh toan duva ra
gia tri dat cho tirng goc khap dé co duoc gia tri mong
mudn cla ban tay may. Diéu nay dac biét c6 y nghia doi
vGi nhitng Robot ¢6 nhiéu bac ti do. Qua ly thuyét va két
guad md phong cho thay, hé thong diéu khién Robot
Almega 16 st dung mang noron dwa theo mé hinh
mdémen tinh toan trong khéng gian lam viéc theo mot
trong ba bo diéu khién (12) va (15), (18) va duoc kiém
chi*rng trén mo6 hinh moé phéng clia hé théng diéu khién
bang Matlab-Simulink, kifm nghiém thanh céng cac van
dé ly thuyét.
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