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' Hoc J'h"rr Ky Thudt Qudn Sie
Email; vangirananhialydiu eduvn

Fhah study presents the design of a soft, three-fingers,
pneumatic-driven robotic gripper for grasping the objects

with the arbitrary size and shape. The gripper consists of

one rigid connector and three soft fingers. Each sofl
finger is driven by pneumatic pressure. The finite
element model (FEM) in Abaqus was used to simulate
and analvze 1
these soft |II’I"'§.,[':-._ [hese fingers were fabricated h}
traditional casting process with the silicone RTV 225
material. The fabrication process of the fingers was also
presented. To demonstrate the effectiveness of the
proposed design. a series of experiments on a single
finger as well as the SCORBOT ER 4u robotic arm were
carried out. The mpmnwnml results show that the
developed robotic soft gripper can grasp the objects with
the sizes between 30 and 100 mm, arbitrary shape, and
greatest payload of 137.7¢.

MNzhien ciru nay trinh l}d‘- thiét I~.c cua mot tav kep ré
hdt mém, ba ngon, [ruh.n dong hm;-__ khi nén sa dung
cho vige cam :nm cac Jm turgng cd hinh dang va Lml:
thude bat ky. Tay kep mun bao gém mt cum két noi
vi ba ngon tay mém. Mdi ngon tay mém duge truyén
dong nho ap sudt khi nén. Mé hinh phin tr hitu han
(FEM) trong "\lur_]lmr durge sir dung dé mo phong va
phan tich 45 cong va cIunLn vi ciia tay gip. Cic ngon
tay meém dugc ché tao h:lnu phuong phdp die truyeén
1|‘|{'II'IL vl vat liéu hl:llﬂ[,l:'mv.:‘. RTV 225. Mdt quy trinh
ché tao cdc ngdn tay mem clng da duge dua ra. Dé
danh gia hiéu qua cua thiét ké nay. mdt loat céc thi
nl'ln-.rm trén mgt ngon tay cing nhu lap lén canh tay rd
bat SCORBOT ER 4u da duge thye hign. Cic ket qua
thue nghiém chi ra rang tay tfﬂFI rd bot mém da phit
trién co thé cam nim duge cac dai tugng ¢d kich thude
tir 30 dén 100 mm, hinh dang bat k¥, trong hrong lém
nhat la 137,7 .,

TB14.6 09:45 — 10:00 hrs -
[P118] Téng hop diéu khién theo dau ra cho tay may co
tinh den dong hoc ciia ddng co chip hanh va yéu to hiit
dinh trén co s& phan chia L]H:I}EI'I: dong.

COutput feedback control of robotic manipulator with
coupled Kinematic model of actuator and uncertainties
based on seperated motions.

Bui e Cucmg, Newn én Thanh Tién, Dhromg Neoc
Khang, Phung Manh Himg

Hoc vien KV thudt qudn swe-Khoa Ky thur diéu khién
Email: ngttiepnkidiaomail com

I'his paper presents the synthetic of output feedback
control for a robot manipulator model in spite of coupled
kinematic and uncertainties of actuators based on
separaled motions: derivatives of the |:|n;~_..1'1i-;:|r:.~;. velocities
and  moments  (currents) while only manipulator’s
positions are available. In this paper kinematic model of
a robot manipulator is established. Using sliding mode
controller, the control algoritm  for  manipulator s
designed in Cartesian space and joint space. Then the

FOC A-201 0

e bending curvature and displacement of

EJH'ILI]EIIII.’:J?I m!_h two-link manipulator js presented in
Mathlab/Simulink  workspace. Resulis of simulation
prove the convergence of tracking error and I'ur;n of
control voltage of actuators. ‘

Bai bao de cap clcn van dé tnn;: hop diéu khién tay
may robot co xét dén dong hoc ding co clmp hanh, ¢
chira cic yéu ko nl'uu.u loan bat dinh frong mdo hinh trén
¢ s phan chia -:thr:n dong: Dich Lhm-:_n vi tri, 1oe dé
vii md men (dong dién). Trong bai bio xiv dimg ma
hinh déng hoc cia tay may. Trinh bay thuat todn diéy
khién tong quit trong ché .;I-u trugt vii hién khong ajan
khdp va khong gian cx‘mg tac. Thuc hién mé phnﬁe-__-- Vit
mé hinh tay mdy 2 khdu trong moi trudmg Matlab-
Simulink, Két qua mé phéng chimg minh tinh héi 111
cua sai so bam sdt, dang dién 4p dicu khién ¢35t vao
dong co.

TB14.7 10:00 — 10:15 hrs =
[P37] Vé mdt phuang phap thiét ké bo dicu khién trrom
thich nghi cho Robot cong nghiép.

A novel adaptive sliding mode controller for robot
manipulators Llhrm-__ RBF neural model.
"r-.:m.e'rr Hoa J’u Bing Thei "-.rfr.l Lé Vian Chiror .l"”
Ha Sy F"J’.Irrrif.r;, Ta Himg € womg', Duong Pinh Ti',
Mai The Anly, Phan Van D'
."Hrcm.f: £t hoc Finh
Email: chuonghvia vinhuni edu vn

The paper presents a new method for designing
adaptive sliding mode controllers for robot manipulators.
Ihis 15 an object with strong nonlinear features with
change in a wide range of the kinematic parameters and
unpredictability of external disturbance. The control law
is synthesized based on sliding mode control principle;
the nonlinear functions are approximated by radial neural
networks whose weights adjusted by adaptive control
laws. The proposed controller is used to control a two
link robot manipulator. Matlab Simulink platform is used
to simulate and evaluate the controller per formance

Bii bdo trinh biay phwong phdp thiét ké l‘lﬂ diéu
khién tr ugrt thich |1&|11 cho doi tugng robot cong nghiép
Py la doi tuong co dic tinh phi tuyen manh, cic tham
s0 dong hoc cia doi wrong thay -:.'Im trong dai rong.
nhidu bén ngoal tic djng khong biét tr woe. Luat Lr]LLI
khién dllt,Tl'. tong hop dua trén nguyén tic diéu khien
trurt, cdc thanh phin phi tuyén duge xip xi bing mang
noron huomg tam van cac trong so duge higu clunh l:.tlh_.
ludt diéu khién thich nehi. Bo diéu khién duoc ap dung
che mé hinh tay may robot hai bdc tu do. Vige md
phunb va danh pia két qua duge thuc hién trén phan
mém Matlab Simulink.

10:30 hrs =]
|F“Jﬁ| ||‘|*rL}l"1:. kinematics analvsis for a spatial mult-
section continuum robot by using a closed-loop algorithim,
Duong Xuan Bien, Chu Anh My

Le Ouy Dan Technical University

Ewmail; xuanbicn82i@vahoo.com
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VE MOT PHUONG PHAP THIET KE
BOQ PIEU KHIEN TRUQT THICH NGHI CHO ROBOT CONG NGHIEP

A novel adaptive sliding mode controller

for robot manipulators using RBF neural model

Nguyén Hoa Lu?, Ping Thai Sont, Lé Vin Chwong", Ho Sy Phwong?,
Ta Hung Cuong', Dwong DPinh TG, Mai Thé Anh?, Phan Vin Du!

Truwong Pai hoe Vinh
*Email: chuonglv@vinhuni.edu.vn

Abstract

The paper presents a new method for designing adaptive sliding mode controllers for robot manipulators.
This is an object with strong nonlinear features with change in a wide range of the kinematic parameters and
unpredictability of external disturbance. The control law is synthesized based on sliding mode control principle;
the nonlinear functions are approximated by radial neural networks whose weights adjusted by adaptive control
laws. The proposed controller is used to control a two link robot manipulator. Matlab Simulink platform is used

to simulate and evaluate the controller performance.

Keywords

Robot manipulators, sliding mode control, adaptive law, RBF neural network.

Tom tat

Bai bao trinh bay phuong phap thiét ké bo didu
khién trugt thich nghi cho ddi twong robot cong
nghiép. Pay la d6i twong ¢ dic tinh phi tuyén manh,
céc tham s6 dong hoc cua ddi tuong thay doi trong dai
rong, nhiéu bén ngoai tac dong khong biét truge. Ludt
diéu khién dugc tong hop dua trén nguyén tac diéu
khién truot, cac thanh phan phi tuyén dugc xap xi
bang mang noron hudng tdm véi cac trong sb dugc
hiéu chinh bang luat diéu khién thich nghi. B diéu
khién duoc ap dung cho mé hinh tay may robot hai
béc ty do. Viéc md phong va danh gia két qua duoc
thuc hién trén phﬁn mém Matlab Simulink.

Ky hiéu
Ky hiéu Y nghia
M(g)  Ma trén quén tinh

Ca®
G(a)

Ma tran hé sé Coriolis va luc hudng tam

Gia tdc trong trudng

F(® Luc ma sat

t, Nhiéu bén ngoai

q Vécto biéu dién vi tri

t Vécto momen tac dong 1én cac khop
V(s),L Ham Lyapunov

Chir viét tat

AC Adaptive Controller

DOF Degree Of Freedom

RBF NN Radial Basis Function Neural Network
SMC Sliding Mode Controller

1. Patvan de

Trong coéng nghiép, robot 1a mot trong nhiing ddi
tugng duogc sir dung phd bién, mang lai hiéu qua cao
trong san xuat va la linh vyc dwoc nghién ctru phat
trién lién tyc trong hang chuc nam qua. Hé phuong
trinh ddng hoc cua robot 1a mt hé phi tuyén manh
trong d6 ton tai c4c tham s kho co thé xac dinh chinh
xac hodc bién ddi trong qua trinh 1am viéc nhu: khbi
lwong tai, mémen quén tinh tai, cac thanh phan ma sat
trong cac khop,... Viéc tim kiém cac phuong phap
tong hop cac hé théng didu khién cho dbi tugng robot
cong nghiép 1a vin dé hip din va co ¥ nghia thiét
thue, thu hit sy quan tim ctia cac nha khoa hoc trong
linh vuc diéu khién.

Cac luat diéu khién truyén thong chi phat huy hiéu
quéa khi cac tham s6 ciia ddi tuong 1a cé dinh hoac
thay d6i khong dang ke mutc d9 phi tuyén khong lon.
Khi dic tinh phi tuyén cia ddi tuong thay d6i manh
va c6 nhiéu tic dong bén ngoai khong biét trudc thi
viée sir dung cac luat diéu khién n6i trén khdng mang
lai hi€u qud, tham chi khong dam bao dugc tinh on
dinh cua hé théng. Dé giai quyét bai toan diéu khién
cac dbi tuong nay ta sir dung phuong phap diéu khién
trugt. Pay 1a moét phwong phap diéu khién don gian
song mang lai chit lugng diéu khién cao va da dugc
nhiéu tac gia 4p dung thanh cong cho bai toan diéu
khién robot [1,2,4]. Trong bai béo nay, nhém tac gia
dé xuét phuong phép thiét ké bo diéu khién trugt thich
nghi cho déi tuong robot cong nghiép. Luat diéu
khién dugc tong hop dya trén nguyén tac d1eu khién
truot, cac thanh phan phi tuyén dugc Xap xi bang
mang noron hudéng tam véi cac trong so dugc hiéu
chinh bing luit diéu khién thich nghi. B¢ didu khién
duogc ap dung cho md hinh tay may robot hai bac tu
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do, sir dung ph?ln mém Matlab Simulink dé mo phong
va danh gia chat lugng ctia bg dicu khién.

2. Giai quyét van dé
2.1. M6 hinh ddi twong
Xét canh tay robot n bac tu do (H.1), c6 mé hinh
dong hoc dugc mo ta bang phuong trinh sau [2]:

M(a)&& C(a. ) G(a)+ F@+t,=t, (1)
trong d6: = [0, 0], B [ReB R]
@& [@&& ... &] - cic véc to bidu dién vi tri, van toc
va gia tdc goc ciia cac khop tuong tng;

t = [tl,tz,...,tnj - véc to biéu didn momen tac
dong 1én cac khdp;

M(q) ; ™" - ma trin quan tinh;

C(q,e@i i """ - ma tran hé sb Coriolis va lyc
hudng tam;

G(a)I ;i "* - gia téc trong truong;

F(&).t, - lan luot 1a thanh phan lyc ma sat va

nhiéu tac dong 1én cic khép cua robot va bi chin
lty]£ Dg.

~
{ /
S/

S/
/o
/ = Khaun

/7 \.,,/

Khop n +—+@)

Khép3 +—4@)"
7L> Khéu 2
Khep 2 \)./

\ = Khdu 1
A

Khép 1 +—¥@)
—— bé; Khiu 0

H.1  Sodé tay mdy n DOF

T

Bai toan dit ra 1a thiét ké b didu khién dam bao
dai lwong dau ra bam theo gia tri mong mudn cho
trude dudi diéu kién co tac dong nhidu tir bén ngoai
khong biét trudec.

Bién dbi (1) nhu sau:

& M ()& (0. Dk G(a)+ F(®+ 1t}

=Mt @
hay
& - M ()€ (9, B G(a)+ F(@+t ¥

+ M Y)t. (3)
Ta dugc phuong trinh:
& f(a.®+ g(@u+d() )
trong do:

f@®= - M0 E OB G+ F (@)
g(@=M*q,u=t,

VCCA-2019

dt)=- M *(a)t,
voi f(q,®), 9(q) 1a ham phi tuyén tron, khong biét
truée va thay doi theo thoi gian; d (t) 1a nhidu ngoai
tac dong 1én hé thong, bién doi cham va bi chin
[d@) £ dy, -

Nhiém vu dit ra 1a thiét ké bo diu khién dé h¢ kin
bam quy dao dat voi sai 1éch bam tién vé 0 va dam
bao tinh kha nang khang nhic¢u. D¢ tong hop hé thong
diéu khién cho doi tuong (4), giai phap thich hop nhat
trong truong hop nay 1a dicu khién truot, vi tinh don
gian va kha nang thye thi dé dang cia phuong phap.
D6i v6i thanh phén phi tuyén cua doi tuong dicu
khién (4) ta st dung mang no ron huéng tam (RBF
NN) ba 16p véi kha nang xap xi van nang [1,3] d¢ xap
xi cac ham phi tuyén f (q,&), g(q). Cic budc thiét
ké dugc trinh bay sau day.

2.2. Tong hop bj diéu khién trugt o

Gia str 461 tugng (4) 1a xéac dinh ta c6 thé tong hop
ngay dugc tin hiéu diéu khién u(t) theo nguyén ly
diéu khién truot [3,4]. Myc tiéu cua thiét ké bo diéu
khién truot 1a xac dinh tin hiéu diéu khién t sao cho
robot bam duoc quy dao g, mong mudn, nghia 1a sai
lech e(t)=(ay- 9)® 0, &t)=(q,- H® 0, trong
d6 e, & 1a cac gia tri sai sb vé vi tri va van tdc, hay ndi
mot cach khac 1a xac dinh duoc tin hidu diéu khién
U(t) dam bao hé théng kin ludn chuyén dong bam
theo mat truot dugce dinh nghia nhu sau [4]:

s(e,®= ce+ & (5)
v6i c>0va mit truot dam bao diéu kién
S(0)= 0. Véi mit truot (5), nhiém vu thiét ké 1a xac
dinh mot tin hi¢u diéu khiéu ug,. sao cho khi co tac
dong 1am cho h¢ roi khoi mat truot thi tin higu diéu
khif::n nay lai kéo h¢ tro vé mat truot. Tin hiéu diéu
khién truot duogc thiét ké dua trén sy ton tai ham
Lyapunov V (s) cho h¢ kin.

Dbi v6i mat truot (5) ta chon ham Lyapunov nhu
sau [3,4]:

1
V(s)= 5 s?. (6)

Dé ton tai ché do truot trén mat trugt (5) doi hoi
phai théa man dieu kién:

\Be s 0, @
dé thoa mén (7) ta can co:
&= - ksgn(s) , 8)

v6i k 1 hé sé duong.

Lay dao ham hai vé cta (6) ta co:

s)= &, ©)
trong do:

R & @ c& G- @
= c& - 1 (0.® g(a)u- d(b). (10)
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Gia st f() va g() da xac dinh, tir (8) va (10) ta

tong hop duoc tin hi¢u didu khién truot Ug,. :

1 . \
Ugye = —~ §& & f (@.®+ ksgn(s)y. (11)
9(a)
voi k3 dy, .

Mic du diéu khién trugt 1a mot giai phap don gidn
va mang lai c.)hét lugng dicu khi‘én cao, tuy nhién, tin
hi¢u diéu khién tao ra boi b diéu khién trugt 1a ham
khong lién tuc do d6 s€ gdy ra hiéu ung rung
(chattering) anh huong xau dén chat lugng diéu khién
ctia hé thong. Néu ching ta str dung gia tri d,, 16n khi
khic phuc téc dong ciia nhidu bén ngoai d (t) lon s&
lam hién twong chattering cang ting. Do d6, dé thuc
hién duoc, gia tri d,, phai nam trong gi6i han nhé ma
hé théng cho phép. ) i i

bé tong hop dugc bd dicu khién truot (11) thi can
phai biét truse duoc ham f (q,6, g(q), tuy nhién,
trén thye t¢ f(q,8), g(q) 1a ham phi tuyén khong
biét truée va thay doi theo thoi gian. Bai bdo dé xuét
st dung mang no ron nhan tao RBF d¢ xap xi cac ham
phi tuyén néj trén. ) . o

i So 516 cau trac hé thong dicu khién dé xuat duoc
biéu dién trén H.2.

A 4

AC

A

RBF NN

A

» » SMC » DOI TUONG —»
Uy 0y ee Usyc a.q

H.2  So dé cdu triic hé thong diéu khién SMC

trong d6 SMC - bo diéu khién trugt; AC - khdi thich
nghi; RBF NN - mang no ron huéng tim; f() va
§ () la danh gi4 ctia cac ham phi tuyén twong tng.

2.2. Xap xi ham phi tuyén sir dung mang no ron
hwéng tam

Dé xap xi cdc ham phi tuyén f() va g()ta s
dung mang no ron huéng tdm (RBF NN) véi chu triic
gom 3 16p: 16p vao, 16p ra va 16p an (H3).

Ham f () va g() duoc x4c dinh bai [1,3]:

F)= W ()+e, 12)

g ()= W,'f ; ()+ ey, (13)

vai Wy Wg - cac trong sb 1i tuong; €, €, - cac sai
s6 xdp xi ciia mang no ron, |ef|£ €t » |eg|£ g »

€y 1 €yg - sai 8O cho trude.

VCCA-2019

Cac ham co s¢ dugc xac dinh boi [3,5]:
o R

f (x)= expE»

trong d6: X 1a véc to dau vao cia mang RBF, ¢, la

Jx- a8

, (14)

vécto 6 chidu bang chiéu ctia véc to X , biéu dién tim
ctia ham co s¢ thtr i, s, bicu dién do trai rong cua

ham co s¢. Cac trong s6 1y twong W, , Wg* khong

biét trudc va can phai danh gia.

Input Layer

Hidden Layer

Output Layer

H.3  Cdu triic mang no ron xdp xi ham phi tuyén

Xét diu vao cua mang RBF NN x= [)<1,ij,
danh gia cta cic ham phi tuyén f() va g() duoc

bi€u dién thong qua cac ham co s& va trong so hi¢u
chinh:

f ()= W,Tf( (x) (15)
6(x)=W,'f, (x) (16)
Thay f() va §() vao (11) ta dugc luat diéu

khién truot nhu sau:

Ugye = gl() %e?zl- &- f()+ ksgn(s)?, (17)

voi k3 D.
Bién d6i (10) c6 chi y dén (17) ta co:

K c& - () g(u- d(t)
=60 10l 9O 9O

- ksgn(s)- d(t). (18)
bat:
Vo= £0)- FO)=W,f, (x)- Wf, (x)- e,
=WO'F , (x)- e, (19)
8= G()- 9()=W,"f,(x)- W f (%) e
=WO'f(x)- e, (20)

trongdé:\/%:V\A/f— W:,\%’:Wg- Wg*.
Bién d6i (18) chii y dén (19) va (20) ta co:
& Wo't (x)- e+ ng s (X)- e )u

- ksgn(s)- d(t). (21)
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Chon ham Lyapunov:

L= 25+ W+ W, (22)
2 29 29,

trong d6 9,> 0, g,> 0.
Lay dao ham (22) chu y dén (21) ta co:

B s imu&% iv%»w%%
= W %f , (%)- _\%m T ﬁsf L (- _\/%%u

+ sg e - e,U- ksgn(s)- d(t)g. (23)
T (23) ta chon luat cdp nhat cac trong s6 cho
mang RBF nhu sau:

\/ﬁ’ = g,sf ¢ (x), (24)

V@% = g,sf , (X)u. (25)

Tiép tuc bién dbi (23) chu y dén (24), (25) ta c6:

& s§ e, - egu- ksgn(s)- d(t)d
=s§ e - eu- d(t) Kls. (26)

Do mang no ron RBF ¢ kha niang xap xi voi sai
s6 nho bao nhiéu tily ¥ nén sai s xép xi €, g, CO
thé lya chon gia tri nho tiy y.

Chon: k* [e, +e,u-+ d(t) khi do ta co & 0
hay hé thépg 6n dinh. ) i i

Céc bicu thue (24), (25) bicu dién ludt diéu khién
thich nghi ding d€ huan luyén mang RBF la don gian
va dé dang thyc hién k¥ thuat. D4 chinh xac cua phép
xéip xi phu thudc vao viéc lya chon cac tham $6 C,S;
cia ham phan bd Gauss (14) sao cho bao phu dugc
hét dai bién do cac dai luong phi tuyén f () va g ().

2.3. M6 phéng va danh gia két qua
Gia su dong hoc cua tay may robot 2 bac ty do
(H.4) dugc md ta bang phuong trinh sau:

M (a) & C (0. @ G(a)+ F(H+t,
trong d6: My, = (M + m,)I7 + mylJ + 2mzlllzcosq2,
M12 = mZIZ + m2|l|2 COSqZ’

MZl = mZIZZ + mgllIZ COSqZ’ M22 =
11" " mjlllzq%sinqz,
12 7 7 m§|1|2 (Gﬁ"" Q%)Sin%!
1= mzzlllzeﬁéinqz’ C,=0;
Gy, = (m+ m,)lgcosq, + mlg(q + d,),
Gy = m,zlzg @+ a).
Thong s0 cia robot dugc cho nhu sau:
m, = 2.0(kg), m, = 1.0(kg);
I, = 1.0(m), I, = O.8(m).

Nhiéu va lyc ma sat tic dong 1én cac khép:

F(®= 0.02sgn(® (N);

2.
mZIZ ’

O O 0
I
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t, = [0.2sint 0.2sint] (N)
Quy dao mau cho cac khop:
0,y = sint(rad); q,q = 1.5sint(rad)

X
H.4  Tay may robot 2 bdc tu do

bé xap xi cac ham phi tuyen sir dung mang no ron
RBF ¢6 cdu triic ba 16p, 16p an gdm 5 no ron véi ham
co s0 dugc chon theo (14), luat cap nhat cac trong sO
theo (24), (25), phuong phap xap xi thé hién trén hinh
H.3. Tham s cia mit truot theo (5), bo diéu khién
SMC thé hién theo (17).

Két qua mo phong thé hién trén H.5, H.6, H.7, H8.
Qua két qua mo6 phong cho thiy vai thuat toan didu
khién truot thich nghi duogc d& xuét cho chét luong
bam quy dao dat tdt, sai léch bam nho, kha nang
khang nhidu tét.

1+

e

¢ 4
h ~ o in

(Radian)

. » 'Fill;c(s)
H.5 Keét qua mé phong bam quy dao dat va sai léch bam
ciia khop 1

Time (s)
H.6  Keét qua mé phong bam quy dao dat va sai léch bam
cua khop 2

“o i 2 3 s 5 6 7 $ 5 10
Time (s) N
H.7  Két qua mé phong tin hiéu diéu khién tac dong lén
cac khop

(Radian)

’I'i11;c(s) )
H.8  Két qua mé phong sy thay doi cua mdt truot theo
thoi gian
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3. Kétluin

Bai bao trinh bay phuong phap thiét ké bo diéu
khién trugt thich nghi cho ddi twong robot cong
nghiép, trong d6 su dung mang noron ham co s&
xuyén tdim (RBF NN) dé uéc lugng va bu trir cac
thanh phan phi tuyén trong luat diéu khién. Ap dung
cho ddi tugng md hinh robot hai bac tw do (DOF). Két
qua mo phong cho thdy cac luat diéu khién don gian,
dé thyc hién k¥ thuat ddm bao kha ning thich nghi va
chat lwong diéu khién.
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