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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.
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Tom tat

Bai bdo trinh bay phuong phap thiét ké bo diéu
khién trugt thich nghi cho ddi twong robot cong
nghiép. Pay la dbi twong c6 dic tinh phi tuyén manh,
cac tham s6 dong hoc cua ddi tuong thay ddi trong dai
rong, nhiéu bén ngoai tic dong khong biét truge. Luat
diéu khién dugc tong hop dya trén nguyén tac diéu
khién truot, cac thanh phan phi tuyén duoc xap xi
bang mang noron hudng tdm véi cac trong sb dugc
hiéu chinh bang luat diéu khién thich nghi. Bo diéu
khién dugc ap dung cho mé hinh tay may robot hai
bac ty do. Viéc md phong va danh gia két qua duoc
thure hién trén ph?m mém Matlab Simulink.

Ky hi¢u

Ky hi€u Y nghia

M(q) Ma tran quéan tinh

Caq Ma tran hé sé Coriolis va lyc huéng tim
Gq Gia tdc trong trudng

Fq Luc ma sat

Ty Nhiéu bén ngoai

q Vécto biéu dién vi tri

T Vécto momen tac dong lén cac khop
V s ,L Ham Lyapunov

Chir viét tit

AC Adaptive Controller

DOF Degree Of Freedom

RBF NN Radial Basis Function Neural Network
SMC Sliding Mode Controller

1. DitvAn @@

Trong cong nghiép, robot 1a mot trong nhiing ddi
tugng duoc sir dung phd bién, mang lai hiéu qua cao
trong san xuat va la linh vuc duoc nghién ctru phat
trién lién tuc trong hang chuc nim qua. Hé phuong
trinh dong hoc cua robot 1a mot hé phi tuyén manh
trong d6 ton tai c4c tham s kho co thé xac dinh chinh
x4c hodc bién ddi trong qua trinh 1am viéc nhu: khéi
lwong tai, momen quan tinh tai, cic thanh phin ma sat
trong cac khop,... Viéc tim kiém cac phuong phap
tong hop cac hé théng diéu khién cho ddi tugng robot
cong nghiép 1a vin dé hap din va co ¥ nghia thiét
thuc, thu hat sy quan tdm ctia cac nha khoa hoc trong
linh vuc diéu khién.

Céc luat diéu khién truyén thong chi phat huy hiéu
qua khi cac tham s6 cua ddi tugng la ¢d dinh hodc
thay dbi khong dang ké, mirc d6 phi tuyén khong 16n.
Khi dic tinh phi tuyén cua ddi twong thay dbi manh
va c6 nhidu tac dong bén ngoai khong biét trude thi
viée sir dung cac luat diéu khién n6i trén khdng mang
lai hiéu qua, thdm chi khong dam bao dugc tinh on
dinh ciia h¢ thong. Dé giai quyét bai toan didu khién
cac ddi twong nay ta sir dung phuong phap diéu khién
truot. Pay 1a mot phuong phap diéu khién don gian
song mang lai chat lugng diéu khién cao va da duoc
nhiéu tac gia 4p dung thanh cong cho bai toan diéu
khién robot [1,2,4]. Trong bai béo nay, nhom tac gia
dé xudt phuong phéap thiét ké bo didu khién truot thich
nghi cho d61 tuong robot cong nghiép. Luat diéu
khién dugc tong hop dya trén nguyén tac dleu khién
truot, cac thanh phin phi tuyén duoc xap xi bing
mang noron hudng tdm vdi cac trong so6 duge hiéu
chinh bing luat diéu khién thich nghi. Bo didu khién
dugc ap dung cho mo hinh tay may robot hai bac tu
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do, sir dung ph:?m 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 md hinh
ddng hoc duwoc mo ta bang phuong trinh sau [2]:

M@G+C a9, 4+G q +F 4 +74 =7, (1)
trong d6: q=[q,d,,...q,]", 4= G.0d,,..4, T
G= G, G,,...G, - cdc véc to bidu din vi tri, van tdc
va gia tdc goc cua cac khép twong tng;

T , .2 X ,
- véc to biéu dién momen tac

T =TTy Ty

dong 1én cac khép;

M(g) € R™ - ma tran quén tinh;

C 0, €R™ - ma trn hé sb Coriolis va luc
huéng tam;

G q €R™ - gia tbc trong truong;
F ¢ ,7, - lan luot 1a thanh phan lyc ma sat va

nhidu tic dong 1én cac khép ciia robot va bi chin
|Td | <Djg.

;oS
/ = Khaun
/a/

Khop n +—+@)

. ~
Khép 3 4 /\
Khau 2
Khop 2 ¢

\ = Khdu 1
A

Khép 1 +—¥@)
—— bé; Khiu 0

H.1  Sodé tay mdy n DOF

Bai toan dat ra la thiét ké bo diéu khién dam bao
dai luong dau ra bam theo gia tri mong mudn cho
trude dudi diéu kién co tac dong nhidu tir bén ngoai
khong biét trudc.

Bién dbi (1) nhu sau:

G+M@)[C 6,6 4+G g +F ¢ +7,]

=M a7, @
hay
G=—M"(@)[C 0.0 4+G q +F ¢ +7,]

+MH(a)r. (3)
Ta dugc phuong trinh:
g=f q,q +gqu+dt 4
trong do:

fa.q=-M"@)[Cadd+Gq+Fq]

gq=M7*q),u=r,
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dt=-M (@,
v6i f 0,4, g g 1a ham phi tuyén tron, khong biét
trude va thay d6i theo thoi gian; d t 14 nhiu ngoai
tac dong 1én hé théng, bién d6i cham va bi chin
d t]<dy.

Nhiém vu dit ra 1a thiét ké bo diéu khién dé h¢ kin
bam quy dao dat vai sai léCNh bérp tjén vé 0 va d:élm
bao tinh kha nang khang nhicu. B¢ tong hgp hé thong
diéu khién cho doi tugng (4), giai phap thich hop nhat
trong trudong hop nay la dieu khién truot, vi tinh don
gian va kha nang thyc thi dé dang cua phuong phap.
Doi voi thanh phan phi tuyén cua doi tuong di€u
khién (4) ta st dung mang no ron huéng tdm (RBF
NN) ba 16p véi kha nang xap xi van nang [1,3] d¢ xap
xi c&c ham phi tuyén f 0,4 , g q . Cac budc thibt
ké dugc trinh bay sau day.

2.2. Tong hgp bj diéu khién trugt .

Gia str doi tugng (4) 1a xac dinh ta co6 thé tong hop
ngay duogc tin hiéu diéu khién u t theo nguyén ly
diéu khién truot [3,4]. Muc tiéu cua thiét ké bo diéu
khién truot 13 xac dinh tin hiéu diéu khién 7 sao cho
robot bam duoc quy dao g, mong mudn, nghia 1a sai
léchet =9,—-q —0,ét =0,—¢G —0, trong
do e,é lacac gia tri sai s6 vé vi tri va van tdc, hay noi
mot cach khac 13 xac dinh duge tin hiéu diéu khién
Ut dam bao hé thong kin luén chuyén dong bam
theo mat truot dugc dinh nghia nhu sau [4]:

Seé =ce+é (5)
véi c¢>0va mit trugt dam bio diéu kién
S 0 =0.Véi mit trugt (5), nhiém vy thiét k& 1a xac
dinh mot tin higu diéu khiéu ug,. sao cho khi c6 tac
dong 1am cho h¢ roi khoi mit truot thi tin higu diéu
khi@n nay lai kéo hé }r("y yé mat truot. Tip hiéu diéu
khién trugt duoc thiét ké dua trén sy ton tai ham
Lyapunov V s cho hé kin.

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

1
Vs ==¢°. 6
2 N 2 r ( )
Pé ton tai ché do truot trén mat truot (5) doi hoéi
phai théda man dieu kién:

V=s§<0, ()
dé thoa man (7) ta can co:
$ =—ksgn(s) , (8)

v6i k 1a hé sé duong.
Lay dao ham hai vé cuia (6) ta co:

Vs =$s, 9)
trong do:
§=cé+E=cé+G, G
=ce+f,—fadq-gqu-dt. (10)
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Giasit f . va g . daxac dinh, tir (8) va (10) ta

tong hop dugc tin higu diéu khién trugt Ugy :
1. . .
Ugye = ﬁ cé+g,—f g9 + ksgn(s)] , (11)

voi k >d,, .

Mic du diéu khién trugt 1a mot giai phap don gian
va mang lai qhét lugng dicu khién cao, tuy nhién, tin
hiéu di€u khién tao ra bdi bd di€u khién truot 1a ham
khong lién tuc do do6 s€ gdy ra hiéu Ung rung
(chattering) anh huong xau dén chat lugng diéu khién
clia hé thong. Néu ching ta st dung gia tri d,, 16n khi
khic phuc tic dong ciia nhiu bén ngoai d t 16n s&
Iam hién twong chattering cang ting. Do d6, dé thuc
hién dugc, gid tri d,, phai nim trong gi¢i han nho ma
hé théng cho phép. . i .

beé tong hop dugc bd dicu khién truot (11) thi can
phai biét trudc dwoc ham f @,§ , g g , tuy nhién,
trén thuc t¢ f 9,4 , g g 1a ham phi tuyén khong
biét trude va thay doi theo thoi gian. Bai béo dé xuét
su dung mang no ron nhan tao RBF dé xap xi cac ham
phi tuyén noi trén. ) i S

So do cau trac hé thong dicu khién dé xuat duogc
biéu dién trén H.2.

A 4

AC

A

RBF NN

A

A 4

—» SMC » DOI TUONG —»
Qg dg ee Usmc a.9

H.2  Sodé cdu triic hé thong diéu khién SMC

trong d6 SMC - bo diéu khién truot; AC - khdi thich
nghi; RBF NN - mang no ron huéng tim; f.a

g . la danh gia cua cac ham phi tuyén tuong tmg.

2.2. Xap xi ham phi tuyén sir dung mang no ron
huwdéng tim
Dé xap xi cac ham phi tuyén f . va g . ta s
dung mang no ron hudéng tdm (RBF NN) véi chu tric
gom 3 16p: 16p vao, 16p ra va 16p an (H3).
Ham f . va g . duogc xé4c dinh boi [1,3]:
f.o=W"¢, X +e, (12)
9. =W"¢, x +¢,, (13)

vai Wy, Wg - cac trong sO li tuong; €, €4 - cac sai
sO xap xi cua mang no ron, |5f|§sw, |zsg|§5Mg;

EnprEvg - Sai 8O cho trude.
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Cac ham co s¢ dugce xac dinh boi [3,5]:

2

P L]
& X =expl———|, (14)

20]

trong d6: X 1a véc to dau vao cua mang RBF, ¢ la
vécto 6 chidu bang chiéu ctia véc to X, biéu dién tim
cta ham co so tht i, o biéu dién d6 trai rong cua
ham co s¢. Céc trong so 1y twong W, , W, 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= x,X, T,
danh gi4 cia cac ham phi tuyén f . va g . dugc

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

fx =W,"¢, x (15)

§ x =W, ¢, x (16)

Thay f . va §. vao (11) ta dugc luat didu
khién truot nhu sau:

Ugye :@i cé+d, —f . +ksgn(s)|, (17)
voi k> D.

Bién d6i (10) c6 chi y dén (17) ta co:
§=cé+G, —f.—-g.u—dt

:[f —f .Mg g |u
—ksgn s —d t . (18)
bat
f=f . —f.=W"¢ x —WT6, x —e¢
=W, "¢, x —e, (19)
G=6.-9.=W'g, x -W ¢, x —¢,
=W, X —¢,, (20)

trong do: W, =V\7f ~W;, Wg :V\7g —Wg*.
Bién d6i (18) chii y dén (19) va (20) ta co:
=W, ¢ X —g;+ W, ¢, x —£, U

—ksgn s —d t . (21)
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Chon ham Lyapunov:
L-lg +iw W, +iw W, (22)
2 2 2,
trong d6 v, >0, v, >0.

Lay dao ham (22) cha y dén (21) ta co:

L=s$ JriVV/fTV\L/f JriV\ngTV\L/g
N Y2
Tlsp, x —iV\LIf +W," |s¢, X —iV\;/gl
1 Y2
+s[—ef —g,u—ksgn s —d t]. (23)

T (23) ta chon luat cdp nhét cac trong s6 cho
mang RBF nhu sau:

W, =8¢, X , (24)

V\7 =7,5¢, X U. (25)
T1ep tuc bién d6i (23) chu y dén (24), (25) ta c6:
—s[—ef —gu—ksgn s —d t ]
=s|—e; —gu—d t |—K[s|. (26)
Do mang no ron RBF ¢ kha niang xap xi voi sai
co

s0 nho bao nhi€u tuy ¥ nén sai s0 xap xi €, &

thé lya chon gi4 tri nho tuy y.

Chon: |<2|5f —}—egu—i—d t | khi d6 ta co I;SO
hay h¢ thong 6n dinh. q

Céc bi€u thue (24), (25) bicu dien luat di€u khién
thich nghi ding d€ huan luyén mang RBF la don gian
Vé de dang thuc hién k¥ thuat. B9 chinh xac cfla phép
xap xi phu thudc vao viéc lya chon cac tham sé ¢, o,
cia ham phan bd Gauss (14) sao cho bao phu dugc
hét dai bién d6 cac dai luong phituyén f . va g . .

2.3. M6 phéng va danh gia két qua

Gia s dong hoc cua tay may robot 2 bac tu do
(H.4) dugc md ta bang phuong trinh sau:

M(@)§+C 9,4 4+G q +F G +74 =7,

m +m, I;
M, = m2I2 + mzlll2 cosd, ,

trong d6: M, = ? +myl2 4+2m?L1, cosgq,,

|2

— 2.
M21_m22 I

‘Hnglllz €osq,, My, =m,l,

Cy = _m22|1|2q2 sing,,

C12 _mglllz ql + qz sin O,

» = M2LLg sing,, C,, =0;

Gy = m+m, Lgcosq +myl,g ¢+, |
Gy =ml,9 0, +0, .

Thong so cua robot dugc cho nhu sau:
m=20kg , m=10Kkg ;
L=10m,6I,=08m.

Nhicu va lyc ma sat tac dong 1é€n cac khop:

Fg=002sgn g N ;

O
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T4 = 0.2sint 0.2sint’ N
Quy dao mau cho cac khép:
g, =sint rad ; g,, =1.5sint rad

X
H.4  Tay may robot 2 bdc tw do

pé xap xi cac ham phi tuyen st dung mang no ron
RBF ¢6 cdu triic ba 16p, 16p an gdm 5 no ron véi ham
co s¢ dugc chon theo (14), luat cap nhét cac trong s6
theo (24), (25), phuong phép xap xi thé hién trén hinh
H.3. Tham s6 ctua mat truot theo (5), bo diéu khién
SMC thé hién theo (17).

Két qua mod phong thé hién trén H.5, H.6, H.7, H8.
Qua két qua mo6 phong cho thiy voi thuat toan didu
khién truot thich nghi dugc dé xuit cho chat lwong
bam quy dao dat tot, sai léch bam nho, kha ning
khang nhiéu t6t.

(Radian)
<

. & : :
L& ol i

i

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

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

“o i 2 3 s 5 s 7 $ 5 10
Time (s) ,
H.7  Keét qud moé phong tin hiéu diéeu khién tac dong lén
cac khop

(Radian)

Lo

’I'i11;c(s)
H.8 Két quda moé phong sy thay doi cua mat truot theo
thoi gian
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3. Kétluan

Bai béo trinh bay phuwong phap thiét ké bo dicu

khién trugt thich nghi cho ddi twong robot coéng
nghi¢p, trong d6 st 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 dbi tugng md hinh robot hai bac tu do (DOF). Két
qua md phong cho thdy cac luat didu khién don gian,
dé thuc hién ky thudt dam bao kha néng thich nghi va
chat lwong diéu khién.
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