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Tom tat

Bai bao dé cap dén van dé xay dung thudt toan diéu khién st dung mang noron dira theo mé hinh mémen
tinh toédn cho Robot Almega 16. Khi khéng biét chinh xac cac thong 86 dong lurc hoc cia Robot Almega 16,
luét st dung mang noron dwa theo mé hinh mémen tinh toan da giai quyét vén dé nay bang viéc wéc luong
céc théng sé dé va bu nhiéu dwa theo mé hinh miu. Két qué mé phdéng trén phan mém Matlab-Simulink cho
thdy hé diéu khién chuyén dong Robot Almega 16 da dap tng duoc yéu céu didu khién: ddm béo sai sé cta
cac khop quay nhanh chéng dat téi khéng va thoi gian qua do nhd.

Tir khéa: Robot Aimega 16, diéu khién mément tinh toan, diéu khién mang noron
Abstract

This paper presents a problem of building up a control algorithm for the Robot Almega 16 using neural
network based on computed torque method. To control the Robot Almega 16, 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. The
simulation results in the control requirements: steady-state errors of robot joint angles quickly converge to

zero and transient time is short.

Keywords: Robot Almega 16, Computed — torque control, Neural network control.

1. Pit van dé

Robot Almega 16 duoc biéu dién nhu hinh 1,

[2]. Déy l1a loai Robot han ding c6 déc tinh di chuyen
nhanh, nhip nhang, chinh xac, gom 6 truc quay, moi
truc khép dugce trang bi mot dong co Servo dong bo
nam cham vinh ciru, diéu khién theo vong kin. Trong
bai bao chi sir dung 3 truc khép day lam dbi tuong
nghién ctru, cu thé cac thong s6 ky thuat chinh cia 3
truc khdp duoc diéu khién nhu sau :

Hinh 1. Robot Almega 16

* Dia chi lién hé: Tel: (+84) 913024989
Email: vtha@uneti.edu.vn

Khau thi nhat: Goc chuyén dong: +135°. Tam
truc tinh tir dinh dén chan dé : 28cm. Pudng tim cia
truc I dén tdm cua tru: 35cm. Khau th hai: Goc
chuyén dong: +135°. Chiéu dai giira hai tim truc I va
IT 12 65cm. Khau tht ba: Goc chuyén dong: +90° va -
45°, Chiéu dai gitra hai tdm truc I va IT 1a 47cm.

Tdng thé tich cua Robot Almegal6:
V =0,12035m’
Tong khéi lugng cua Robot: 250kg

Khdi lugng cua cac khau nhu sau: mp = 100 kg,
m; = 67 kg, my = 52 kg, mz = 16 kg, ms = 10 kg,
ms =4 kg, mg =1 kg.

Trong bai bao [1], viéc xay dung thudt toan diéu
khién thich nghi Li — Slotine cho thdy wu diém cua
phuong phap nay 1a khi khong biét chinh xac cac
thong s6 dong luc hoc cua Robot, luat diéu khién
thich nghi theo Li — Slotine da giai quyét van d& nay
bang viéc udc luong cac thong s6 do, lam khoi luong
tinh toan giam nhleu s0 V6i cac phuong phép didu
khién khac [2] ma van dam bao Robot van hanh linh
hoat ddng thoi khir duoc cac thanh phan sai léch goc
khép va vi tri cua khau tac dong cudi lam cho hé
chuyén dong Robot 6n dinh, chinh x4c vdi thoi gian
qué d6 nho. Nhung nhuoc diém 16n nhit clia phuong
phap diéu khién nay la yéu cau khdi luong tinh toan
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on-line 16n, va khong bén virng khi ¢6 tac dong nhiéu
ngoai. Trong khi d6 phwong phap “Piéu khién mang
noron dwa theo mé hinh mémen tinh toan™ [3], [5] 1a
phuong phap bu nhiéu dya theo mo hinh mau, mo
hinh mau & day la mo6 hinh mé men tinh toan, véi mdt
s6 tinh chét tinh toan t6t rat phu hop dé st dung véi
mang no ron. Uu diém cua phuong phip nay don
gian v& mit toan hoc, giam khéi lugng tinh todn on-
line ma van dam bao tinh thich nghi cao, khir nhiéu
ngoai, dap Ung sy hdi tu cua sai 1éch vi tri cac khdp
vé khong.

2. Xay dung h¢ thong diéu khién robot almega 16
sit dung mang noron theo mé hinh mémen tinh
toan

Khi khong biét chinh x4c cac théng sé dong luc
hoc cua Robot [1], [2], luat diéu khién st dung mang
noron dua theo mo hinh mémen tinh todn da giai
quyét vin d& nay bing viéc udc luong cac thong sb
d6 va bu nhiéu dya theo mo hinh mau. Théng thudng
nguoi ta hay s dung mang nhiéu lop truyen thang
lam md hinh mau, 1am cac bd diéu khién cho ddi
tugng 1a phi tuyén. Khi hé théng da dugc nhan dang
v6i d6 chinh xac nhét dinh, qua trinh diéu khién duoc
bt dau dé cho dau ra cia hé théng bam theo dau ra
caa mé hinh 6n dinh.

Déi tuong nghién ciru 1a Robot Almega 16 ¢6 3
khdp quay [2]. Phuong trinh dong luc hoc duge xady
dung, mo ta boi, [4]:

t=D(q)4d + h(g,9) (1)

Trong do: 7 — moment dat 1€n khédp i khi thuc hién
chuyén dong quay, D - ma tran quan tinh (mxn), h -
vecto twong ho va ly tdm (1xn), q - bién khdp, ¢ -
dao ham bac nhét ctia bién khép theo thoi gian.

Dua theo bo diéu khién mémen tinh toan [3],[4],
trong khong gian khdp:

r=D(qu +h(q,q) )

Trong do: b(q) - gia tri udc lugng cuia ma trdn quan
tinh D ;
h(q,q) - gia tri udc lugng clia vecto twong hd va ly

tdm va vecto trong truong A(q,q),

u(®)

Tin hiéu diéu khién  dugc xac dinh [4] nhu sau:

- tin hi¢u diéu khién.

)

Trong d6: Kp, Kp - hé s6 diéu chinh cta bo diéu
khién; ¢, - bién khép dat.

u=qg,+kK, (‘L{ _q)+KP(qd 'Q)

Thé (3) vao (2):

v =D(q)[ G, + K, (4,-4)+ K (4,-9)] +h(g.9)

, (4)
=D(q)] Gy + KpE+K,E ] +h(q.4)

Trong dd: E la sai léch goc khép
E=(4,-9);E=(q,-9)

Thay biéu thic (4) vao biéu thire (2) xdc dinh duge
phuong trinh dong luc hoc kin:

v=E+K E+K,E=D"(AD(q)j+Ah(q,q)) ()
Trong dé:

AD(q) - sai sb giita cac gia tri wéc lugng ma tran
quan tinh ﬁ(q) véi cac gia tri thuc D(q),

Ah(q.G) - sai sb giira cac gia tri wdc lugng vecto
tuong hd va ly tim hA(q.q') véi cac gia tri thuc A(q.q),

Trong truong hop ly tudng phuong trinh (5) trd thanh
tuyén tinh trong khong gian khép néu AD=0,Ah=0
thi :

v=E+K E+KE=0 (6)

So d6 céu truc hé didu khién theo mo hinh mémen
tinh toan nhu hinh 2:

%4

: +
) e uy| » +
1
115 Kp | x{1)—= D@ Robot
- + +
9,0
d + :Z el KP X =
H@q (=14

Hinh 2. So d ciu tric hé thong diéu khién theo mo
hinh m6 men tinh toan

Tir hinh 2 cho thdy, dé xac dinh dugc hé thic sai
léch (6) 1a diéu rat kho khan hoac khong xac dinh
dugc trong phuong phap didu khién mémen tinh toan
vi can phai biét ddy du va chinh xac cc thong sb
cling nhu déc tinh dong luc hoc cua robot. Tuy nhién
cac thong s6 dong hoc ciia robot thay ddi trong qua
trinh 1am viéc, nén dé khtr cac thanh phan phi tuyén
cling nhu phan ly dac tinh dong luc hoc cua cac thanh
ndi robot thi can phai uc lwong chinh xéac cac thong
s6 cua robot trong qua trinh 1am viéc. Hon nita kha
nang chong nhiéu ciia phwong phap nay con han ché.
Tuy nhién né lai cung cip cho mét kha nang toan hoc
dé str dung mang noron dua theo mé hinh nay dé tao

q
q
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ra mot mé hinh mdi vdi nhitng dac tinh diéu khién
vuot trdi, day la ndi dung chinh cia bai bao.

2.1. Xdy dwng h¢é thong diéu khién siv dung mang
noron cho Robot Almegal6

B6 didu khién dung mang noron dya trén mé
hinh mémen tinh toan 14 phwong phap diéu khién tryc
tiép cac khdp tir tin hiéu ra ciia mang noron, bo diéu
khién nay s& huin luyén cho tin hiéu sai léch v (5) vé
khéng, khi d6 cac khdp cia Robot s€ bam chinh xac
theo quy dao dat.

TUr md hinh m6é men tinh toan hinh 2, [3] tac gia
bai bao d3 lua chon duoc ciu tric cla hé théng diéu
khién str dung mang noron phan héi kiéu bu nhidu
dua theo md hinh nhu hinh 3, [5,6]:

= q(t)

am

Hinh 3. So db cdu trac hé théng diéu khién bu nhidu
st dung mang noron dya theo m6 hinh mo men tinh
toan

TU hinh 3 cho théy dau vao 1a cac tin hiéu vj tri,
déu ra 1a gia tri bu vao dau ra cua bo diéu khién D,,
tin hiéu sai léch dé huén luyén mang no ron ¢ day la
V. Vay bg diéu khién sir dung mang noron dua trén
mod hinh m6 men tinh toan xac dinh, [4],[5]:

r=D(@)U-®,) +h(g.9) ©
Tu (5) va (7), xac dinh dugc:
v=E+K,E+K,E=D"(AD(q)j+Ah(q,4))-®, (8)
Dé thoa mén (6), D, can xéc dinh:

@, = D' (AD(q)j + Ah(q,q)) 9)

Hinh 4. Ciu trac mang noron hai 16p

2.2. Thiét ké mang noron Robot Almegal6

Bai bao lya chon ciu hinh mang noron truyén
thang c6 hai 16p 1a 16p dau vao va 16p dau ra, hinh 4.
Trong d6: q: vecto ddu vao; a: vecto dau ra ; W: ma
trdn rong so;

Wi W, e Wig
w. w. w.
21 22 2R
W=
Ws1  Ws» Wsr

b: ma trin ngudng; f: ham truyén.

Trién khai cu thé cho Robot Almega 16 v6i 03 khép

dau la mang noron c6 9 dau vao cho la cac gia tri roi

rac hoa cua vi tri cac khdp.

Yo {ql (0, (t=1):q,(t—2):,(D): ¢, (t = D): q, (t—Z)}
$q5(1);q5( =1);45(£ = 2)

I I A ) A \ 11 A
Ldp thtr nhat cé6 ma tran trong luong 1a @; 1a ma tran
co kich ¢& 9x6, ma trdn ngudng bilj c6 kich cd 1x6,

dau ra 1a ma tran Y co kich ¢& 1x6. Vay ham 16p dau
vao mang no ron dugc chon la ham Sigmoidal, [4]:

Sx)= (10)

—-X

I+e

s . A \ 2. A
Lép thir hai ¢6 ma tran trong luong 1a W= 13 ma tran

6 kich ¢& 6 x 3, ma tran ngudng b~ c6 kich c& 1 x 3,
dau ra 1a ma trn @y c6 kich ¢& 1 x 3. Vay ham 16p ra
la ham tuyén tinh, [4]:

S(x)=x (11)

Tir d6 thiét 1ap dwoc cong thic tinh dau ra @y theo
dau vao va cac ma tran thanh phan theo :

PO e N N
= 1+ e*(Z,:] Xl”’u*b/]
Trong dé:

Ny - ansoO mang no ron lop an;

nr - s0 dau vao mang no ron;

0] 0 phan tir thudc cot thir k ciia ma tran @, ;
wé - phan tir thuc hang i cot j ctia ma tran w';
wa - phan tir thuoc hang i cot k cia ma tran w”;

X, - phﬁn tir thudc cot thr 1 cia ma tran X
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bj1 - phf?ln tur thudce cot thit j cua ma tran bl ;

by - phan tir thudc cot thir k ctia ma tran b*.

Néu n 1a téng dau vao mang noron thi tong trong
lugng:

o, =(n,+Dn, +(n, +Dn (14)
Téng n ddu vao mang no ron xac dinh:
n=n; - ny
Trong mang no ron nhu da chon, xac dinh duoc:

ng=6;n =9;n=3

Suy ra: @, =81.
Cau hinh mang noron Iya chon cu thé nhu hinh 5.
S 1
x, (1) ﬂ)\ _ l{-’
oy
) ——={ B
N . /_\. Y:
x(2) —= \B -‘ 3 LJ—:» 01
o i
2l &8 AN,
B 3 L —=10,
- =
X5(t-1) B
% (t-2) (B i)%, 'R
g
X300 ﬂa/
23(t-1) = (B 3
2x3(t-2) 4‘&’(@ g 7

Hinh 5. So d6 cAu triic Neural Network

Thuét toan huin luyén mang dugc bai bao lya
chon 14 theo ludt toan lan truyén nguoc dé cip nhat
cac trong so theo hudng giam d6 doc sao cho giam
thiéu sai s6 cia mo hinh v,(8). Sai s6 duoc do bang
phuong phép trung binh binh phuong sai 1éch. Ham
thong s cua mang dugc xac dinh theo biéu thirc
(15),[4-6]:

JZ%VTV (15)

Thuc hién tinh dao ham cua J theo cac trong s6 cua
mang xac dinh dugc, [4],[5]:

T
. %J - % v. (16)
Tir (8) cho thiy méi quan hé gitia 2> va 22 nhy
ow ow
sau :

oD
v __ %9 (17)

ow ow

Tir (16) va (17) thiét 1ap dwoc mbi quan hé giira dao
ham cua J theo cac trong lugng vdi dao ham cua dau
ra @y, voi céac trong luong :

__

™ ™ (18)

Theo thuét toan lan truyén nguoc si dung dé cip
nhép cac gia tri trong luong mdi, ludt hoc dugc cai
tién béng cach bd sung thém mot thanh luat goi 1a
hing s dong luong,[4]:

w(t)= w(t-1)+Aw(t) (19)
Aw(t)=n % v+aAw(t —1) (20)
Trong dé:

n - tbc do hoc tap, ta chon 7=0.9 thich hop véi
kiéu bu nhiéu;

a -hésd dong luong, dugc chon a =0,01.

Tu (20) vdi cac phﬁn tr clia cac ma trin o', @’,b', b’
c¢6 cong thirc cap nhép ting trong s cua cic ma trdn

cua tung I16p va tung ngudng cia mang noron, nhu
sau:

a0l =my,(=3)X| £} [raraje-n @D

A (1) =nv,y, + oA, (t-1) (22)

A0 =1y, 1-2)| v [raatle-n @)

AbB; (1) =nv, +aAb; (t—1) (24)
Cong thirc tinh dau ra sau 16p vao ctia mang noron :
1
y = (25)
/ 7( b x,.wilj +b1lJ
I+e V!
Cong thirc tinh dau ra sau 16p ra ctia mang noron:
I p2 ”
Ve = &Y% "k (26)

Trong do: yj , yk 1a phan tir cot j,k ciia véc to dau ra
ctia 16p dau.

3. Ung dung diéu khién sir dung mang norron dya
theo m6 hinh momen tinh toan cho 3 khéop dau
robot Almegal6

Mo hinh ddng hoc cuia Robot Almega 16 da
dugc tinh toan theo [2]. Chuong trinh m6é phdng
mang noron tai phu luc [7]. M6 phong Robot Almge
16 v6i cac thong s6 sau: Khéi lugng khép 1: my =
67 kg ; Khéi lugng khép 2 : my = 52 kg ; Khdi lugng
khép3: m3=16kg.

Tham s6 bd diéu khién va cac gia tri dat, bang 3.1.
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Bang 3.1 Tham s cua bo diéu khién

Ky Tén o z
e « | Gia tri tham so cac truc kho
hiéu | tham so : ; °op
K, =3000
k, | Heso K, =3000
ty 1€ :
K p= 3000
K, =250
k, | Heso K, =250
vi phan ;
K, =250

Truong hop khong biét~r6 cac thong sé dong luc
hoc cta hé thong va céd nhicu tac dong ung dung bd

diéu khién momen tinh toan

Két qua mo phong:

.

. . ; 16
A
513 . . VAP AN 514
g : : : g
& H H &
512 [\Z\ ----------------- o S 12
FTT R =20 |
ERR] S R L ER
5 K, =100
1 : 08
0 2 4 3 8 10 0 2 4 6 810
Time (s) Time (s)
14 i :
3 '
PN\ P

Joint Angle (rad)

Time (s)

Hinh 6. Biéu dién dap tng gitta cac goc khép dat
(qa) va goc khép thue (qinee)

Nhan xét: Véi nhiéu tac dong thi hé thong bi
dao dong, khong 6n dinh. Tir két qua md phong trén
ta co thé thidy kha niang chdng nhiéu cia bd diéu
khién mo hinh mémen tinh toan 1a chua tot. Tuy
nhién md hinh diéu khién dua theo mang no ron co
thé khéc phuc duoc diéu nay.

Trudng hop khong biét rd cac thong sé dong luc
hoc cua hé théng va co nhidu tac dong ung dung bd
diéu khién mang norron dua theo md hinh momen
tinh toan.

Viéc xac dinh dugc chinh x4c thong sb dong luc
hoc cua hé théng Robot ALmegal6 la rat kho khin
dan dén cac thong ) dong luc hoc dua vao bo diéu
khién 1a khong chinh x4c. Pé kiém ching thut toan
diéu khién bai bao da gia thiét Robot ALmegal6 co
khdi lugng va chiéu dai cac thanh ndi khong xéac dinh
dugc chinh xac cac thong sd ndy nén cac thong sd
dong luc hoc dua vao bd diéu khién 1a cac gia tri udc
lwong : 7, 1,1, , gia st cac thong s6 diéu khién van

10

gilt nguyén nhu bang 3.1, cac thong s6 dong luc hoc
thay d6i nhu sau :

m, = 67.005; 7, =52.005,/m_=16.005

g ()
e g oo

..........

Hinh 7. Biéu dién dép tng giita cac goc khép dit
(qa) va goc khép thuc (qmge)

Truc y (m)

Truc x (m)

Hinh 8. Biéu dién chuyén dong tir goc khép dit (qa)
dén goc khép thuc (quge) trong khong gian 3 chiéu

Nhén xét: Cac goc khop thuc (qi) cia ba khdp
déu bam goc khdp dit (qq) v6i sai 1éch giita cac goc
khép dit (qa) va goc khép thue (qi) nhanh chong tién
t6i 0, hé khong c6 dao dong. Bo didu khién mang
norron dua trén mo6 hinh moémen tinh toan loai bo
dugc hoan toan nhiéu tic dong vao hé thong.

4. Két luin

Qua ly thuyét va két qua mo phong cho thay, hé
thong diéu khién Robot Almega 16 s dung mang
Noron dua theo mé hinh mément tinh toan da khic
phuc dugc hau hét cac nhuge diém cua cac bo diéu
khién truyén théng, c6 kha nang thich nghi cao,
chéng nhidu tt, 6n dinh bén virng, c6 kha nang diéu
khién cac d6i twong co cing md hinh véi tham sé
khéc nhau, thdm chi 1a bién thién. Pugc kiém chimg
trén md hinh mé phong cua hé thong diéu khién bang
Matlab-Simulink, kiém nghiém thanh cong cac van
dé ly thuyét. Dinh huéng mé rong 14 thiét ké mé hinh



Tap chi Khoa hgc va Cong nghé 116 (2017) 006-011

thyc cua hé thong. Nang cao toc do xir 1y ciia hé
thong.
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