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Abstract

This paper proposes a controller to enhance trajectory tracking quality for 4-wheeled omnidirectional robots based
on the fuzzy logic combination for the dynamic sliding surface controller (AFDSC). In the article, the stability of
the controller is proven based on mathematics and Lyapunov stability criteria, and simulation results on Matlab
Simulink software are compared with Dynamic Sliding surface Controller (DSC) to demonstrate the correctness,

usability, and advantages of the proposed controller.
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Toém tat

Bai bao dé xuat by diéu khién nhim nang cao chat
luong theo ddi quy dao cho robot da hudng 4 banh dya
trén sy két hop logic mo cho bo diéu khién mat truot
dong. Trong bai bao, su 6n dinh cua b diéu khién duoc
chung minh trén co s& toan hoc va tiéu chuén 6n dinh
Lyapunov, két qua mo phong trén phan mém Matlab
Simulink duoc so sanh véi cac bd diéu khién khac nhu
Dynamic Sliding surface Control dé chirng minh tinh
dang dan, kha dung va wu thé cua bo diéu khién dé
xuat.

Ky hi¢u
Oxy Hé toa do toan cuc
Xy Vi Hé toa do6 cuc bd
v, w Van toc dai, van tdc
o goc cua mdi banh
Chir viet tat
AFDSC Adaptive Fuzzy Dynamic Sliding
surface Control
DSC Dynamic Sliding surface Control
SMC Sliding Mode Control
MPC Model Predictive Control

1. Giéi thiéu

Trong nhitng nim gan day, robot di dong dong mot vai
tro quan trong trong linh vuc tw dong hoa, dac biét la
cac ung dung trong cong nghiép, dich vy, tham hiém,
v.v. [1-3]. Banh xe Omni v6i sy cai tién trong céu triic

v6i cac con lan dwoc bd tri xung quanh bé mit theo
trinh ty thich hop giup robot c6 kha nang co dong cao,
dinh vi linh hoat v&i kha ning di chuyén theo nhiéu
hudng va xoay doc lap. Trong bai bdo nay, bai toan
nang cao chit luvong theo ddi va bam qui dao cho mo
hinh robot véi bén banh omini truyén dong doc lap
dugc tiép can va nghién ctru. Ddi tugng nay di va dang

duogc nghién ctru nhiéu trong nhiéu thap ky véi nhidu
huéng tiép can va cai tién ning cao chét lwong trong
moé hinh héa ciing nhu xay dung cic bd didu khién.
Cong thirc Euler — Lagrange 1a mgt trong nhiing giai
phap cho viéc md hinh héa robot 4 banh omini [4,5,6],
trén co sé mo hinh ddng hoc va dong luc hoc, cac bd
diéu khién nghién ctru, xay dung va phat trién dé nang
cao chat luong hoat ddng cua robot trong cac nhi¢m vu
ctia minh. Diéu khién bt bam qui dao dat la mét trong
nhitng hudng di quan trong trong diéu khién robot,
nhiém vu cta bai toan nay la cung cip tin hiéu diéu
khién cho co ciu truyén dong ciia robot sao cho robot
di theo dudng dan cho trudc voi thoi gian dap ung
nhanh, sai s6 b4m nho va tinh 6n dinh cao nhat. Bo diéu
khién PI dwoc 4p dung cho robot trong cac cong bd
[7,8]. Tuy nhién, d6i mat v6i su ton tai ciia cac thanh
phan phi tuyén manh cong v6i cac thanh phan ma sét,
dao dong, do trugt cua banh xe trong thyc nghiém thi
b diéu khién nay kho c6 thé dap tmg hét. Dé thoa min
yéu cau vé chuyén dong, dang phan hdi chat ché nhu
Backstepping [8] la mot giai phap kha thi dé giai quyét
cdc md hinh toan hoc phi tuyén phd bién. Tuy nhién,
mit han ché cua ki thuat Backstepping la phu thudc rat
nhiéu vao mé hinh cta hé théng. Néu mé hinh cé sai
s6 thi phuong phap diéu khién s& khong con dam bao
duogc sy 6n dinh. Bo diéu khién truot [9,10] da dwoc st
dung rong réi voi kha ning chéng lai cac nhidu loan va
sai s6 trong md hinh robot. Tuy nhién hién tugng
“chattering” lai 12 vin d& 16n nhét trong SMC. Bé diéu
khién mit truot dong [11,12] két hop ki thuat
Backstepping va bo diéu khién da mat truot di giir lai
duoc nhimg uu diém manh mé& cia SMC va cling khéc
phuc t6t hién tugng chattering. Bo diéu khién dy bao
(MPC) [13-16] v6i cac uu diém vuot trdi so véi SMC,
PID va ki thuat Backsteeping bdi kha nang xu ly rang
budc va gioi han cia hé théng tét hon do tinh toan dw
doén trong tuong lai,diéu khién da bién va hé thong phi
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tuyén hiéu qua. Didu khién thich nghi 13 mot trong
nhimg giai phap phu hop cho robot, nd gitip cho hé
thdng thich ing véi nhiing thay ddi phat sinh trong qua
trinh hoat dong nho nhitng chinh dinh céc tham s6 lién
quan trong cac bd diéu khién. Trong [17-19], bo dicu
khién PI thich ung mo dugc su dung. Ludt mo dugce
xdy dung chi yéu dya trén kién thirc va kinh nghiém
clia cac chuyén gia qua d6 bo diéu khién duoc trang bi
thém tinh nang ty chinh dinh cac tham sé diéu khién,
han ché ciia phuong phap nay 1a sy phu thudc rat 16n
vao kinh nghiém cua nguoi xay dung luét. D6i mit véi
nhleu thanh phan phi tuyén bét dinh trong hé thong va
sai s6 cia md hinh robot, mang no-ron dugc biét dén
va ap dung cho trong viéc thiét ké bo didu khién thich
nghi véi kha nang xap xi dugc cac thanh phan bat dinh
trong hé théng [20][21], tuy nhién v&i han ché vé mat
yéu cau cao vé phan cing va cac giai thuat phirc tap,
b6 diéu khién dung mang no-ron la mét han ché cho
kha ning ap dung vao hé théng diéu khién dap tmg thoi
gian thuc.

Trong bai béo nay, bo diéu khién két hop logic mo
v6i didu khién mat truot dong cho robot dugc dé xuét
cho bai toan diéu khién bam qui dao ctia robot 4 banh
omini. Hiéu qua cua bo diéu khién duoc kiém chimng,
so sanh véi DSC thong qua mo phong trén phan mém
Matlab-Simulink.

Bai nghién ctru duoc chia lam 5 phan: phan 2 mo
hinh héa phuong trinh dong hoc, dong luc hoc. Phan 3
thuat toan diéu khién ciia robot. Két qua mo phong b
AFDSC trén Matlab simulink dugc trinh bay trong
phan 4 ching minh hiéu qua cia luat diéu khién da dé
xuét. Cubi ciing 1a phan két luan va hudng phat trién.

2. M6 hinh robot 4 banh omini
Mo hinh robot dugc str dung trong bai bao la dang
robot didu hudéng bang 4 banh xe omini truyén dong
doc lap co c4u trac thé hién trén H.1.

Vy P Ym
Y N
A V
& A\
Vx
Om
>
b Xm
vx
=
~
-
X

H.1  Cdu tric ciia robot 4 banh omini

H¢ toa dd toan cuc va h¢ toa do dong gén trén than
robot dugc ky hiéu lan lugt 1a Oxy va O, X, Y,,, vi tri
clia robot trong hé toa dé toan cuc duoc biéu dién qua

T L
vector g=Xx y 6 ,V:[v Vv a)] la vector

X y

van tdc cta robot trong hé toa do dong.

— T 13 A A ’ , X
o=[o, w, ©, o] lavectorvan tocgdoc cia moi

VCCA-2024

banh gén trén than robot, r la ban kinh banh xe, d la
khoang céch tir tim robot dén cac banh, robot c6 thiét
ké véi goc léch 3 = 45° cia banh sb 3 so v6i truc Xm ,
m 14 khéi lugng ciia robot.

Theo [7,8,10] vector van tc clia robot trong h¢ toa do
dong va van toc goc cua cac banh duoc thé hién nhu
Sau:

V=Hwo

Véi H 1a ma trén hé sé:

(2.1)

Mébi quan hé gitta van tdc cua robot trong 2 hé toa do
duogc thé hién qua mot ma tran chuyén doi hé truc:

g=R*V (2.2)
trong do
cosd —singd 0
R=(sind cosé O
0 0 1

Két hop (2.1) (2.2) (2.3) phuong trinh doc hoc cia
robot dugc biéu dién:

dg=HVae (2.3)
Theo cac cong bd [10,14,15,20] phuong trinh dong luc
hoc ctia robot c6 dang:

M(a)v + C(a;G)v + G(a)sgn(v) + 74 = Br (2.4)
Trong do:
m 0 0 B, 0 0
M(@)=|0 m 0|,C(q,g=(0 B, 0
0 0 J 0 0 B,
C, 0 0
G@=(0 C, ©
0 0 C,
2 BB 2
2t 2t 2t 2r
5|2 N2 2 2
2r 2r 2r 2r
d d d d
roor r r

t=[t, 7, 7, 7,]'1a momen cia cac banh.7, la
thanh phan nhidu bat dinh.

C(0,4) ,G(q) lan Iuot 1a ma tran hé sé ma sat nhot va
ma tran hé sé ma sat Coulomb.

3. Thiét ké bd diéu khién AFDSC
DSC 12 mot k¥ thuat didu khién dua trén 1y thuyét diéu
khién mit trugt dé ung pho v6i cac nhidu loan bén
ngoai hé théng. Cau tric ciia DSC bao gdbm MSS va
LPF. Trong d6 MSS dugc thiét k& wu tién téch riéng
ting mit truot cho ting trang thai ciia hé théng voi kha
nang xu ly dugc thanh phan nhiéu_ loan “mismatched”.
Qua d6 khic phyc duge nhuoc diém cua bo diéu khién
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truot va giam bdt dugce hién tugng chattering. LPF loc
nhiéu tin s6 cao ndi sinh vira cung cip thong tin vé dao
ham tin hiéu diéu khién ao

Trong DSC s& ton tai 2 tham sé anh hudng tryc tiép
dén kha ning bat bam quy dao dat, bao gom gié tri ma
tran cua bo diéu khién ao quyét dinh chat luong bam
quy dao va gia tri ma tran cua bd dleu khién 1ai trang
thai cua hé thdng tién vé mat truot quyét dinh toc do va
d6 6n dinh bam. Trong truong hop c¢6 su anh hudng
ctia nhiéu loan by diéu khién véi kha ning tu chinh
dinh cac tham s nay 1a can thiét. Mot bo diéu khién
thich nghi trén co s¢ két hop Fuzzy Logic véi DSC
dugc dé xuat (AFDSC).

e AFDSC

c’\ i

.
T b i }"@%—{ N— H T %_| oo |

T T T T T s m e m s mrm s s s s s s m s X1

H.2  Cdu tric b diéu khién AFDSC

3.1. Thuit toan diéu khién mit trugt dong

Trong truong hop khong xét dén nhicu bén ngoai
phuong trinh trang thai ctia robot dugc bicu dién dudi
dang:

=RXx,
; (3.7
Mx, +Cx, + Gsgn(x, ) = Br
Véi e, = X, - Xyq
Pao hame, ta dugc:
€ = Xy - Xyy = RX, - Xy (3.8)

Gia sur rang o 1a tin hi¢u diéu khién 4o trong viéc thiét
ke bd diéu khién DSC. « duogc cho boi:

a=-R*(c,e, - Xy (3.9)
¢c, 0 O
Véic,=|0 ¢, O0]lamatranhésdxac dinh duong

0 0 ¢
phu hop. o )
B0 loc thong s6 thap bac nhat c6 dang:
Ta, +a; =a (3.10)
Tinh kha dung cua tin hi¢u diéu khién o duoc chimg
minh thoéng qua viéc chon ham Lyapunov thur nhat:

1
i=see (31D
V=66 = (RX, - %4 )=-€ Ce (3.12)

T .
e, (Clel + sz - Xyg )

Néu X, = a thi

V,=-e,'ce +e'(ce,+Ra-x,)
— AT Ta

=-e Ce te cl(el =€ )

Véi gia tri diéu khién 4o o
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Thi diu kién V, = -e,"c,e, < 0duogc thoa man.

Tiép theo sir dung ki thuat diéu khién truot dé thiét ké
céc tin hi€u diéu khién cua hé. ,

Sai Iéch tin hiéu diéu khién ao dugc biéu dién:

€,=X,-a (3.13)
Chon mat truot:
S=ie, *+Re, (3.14)

A 12 hé s6 cua mit truot.
Pao ham cua mat truot:

S =)é, +Ré, + Re, = \é, + Re, + R(M *(-Cx,
-Gsgn(x, )+ Br)-a; )

. ) ) . (3.15)
Tin hi¢u diéu khién cta h¢ thong s€ bao gom 2 thanh
phanla 7, va z,
7., latin diéu khién d¢é giir trang thai hé thong trén mat
truot. Va thu duoc tir diéu kién S =0
7, = -BT(BBT ) (M(R™ (A€, + Re, )- Xy )
-Cx, -G sgn(x, ))

Ta sir dung thém luat diéu khién t_,

(3.16)

1a kha nang diéu
khién trang thai ctia hé thong tién vé S

., =-B" (BB" )" MR™(c,sgn(S) + ¢, S) (3.17)
c, 0 O c, 0 O
Véic,=|{0 ¢, O0|vac,=|/0 ¢, OfIla
0 0 c,y 0 0 ¢y
céc ma tran hé sb xac dinh duong.
Tin hi¢u di€u khién cta h¢ 1a tong cla 7, va z,
=Tt T, (3.18)

Dé hé thdng 6n dinh va tinh toan tin hiéu diéu khién
ham Lyapunov thir hai dugc chon:

V, = 1 S's
2
Dao ham V,

V,=8"S=8"(2¢, +Re, + R(M*(-Cx, - G sgn(x, )
+B,)-a,))

(3.19)
Vi tin hidu diéu khién thi X, = @, , dao ham ciia V,

¢6 thé duge viét lai thanh:

=-S"c,sgN(S)-S"c,S (3.20)
Lya chon 2 ma trén ¢, Va c, phu hop sao cho:
V, =-S"c,sgn(S)-S"c,S <0 (3.21)

Do V,<0 nén theo dinh Iy 1 tiéu chudn 4n dinh
Lyapunov. Hé 6n dinh tiém cén.

3.3 Piéu khién logic mo

Trong dleu kién c6 nhiéu tac dong, viéc hi¢u chinh cac
tham s6 nay s& gip cho hé thong chdng lai duge cac
tac dong tir cac yéu td khong rd tir moi truong. Luat
Fuzzy logic dugc xdy dung dé chinh dinh cac tham s6
Ci (i=1,2,3) gitp cho h¢ thong chdng lai dugc cac tac
dong tir cac yéu td nhiu bat dinh trong qué trinh hoat
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dong cua robot. Viéc chinh dinh c1 sé& quyét dinh dén
chit lugng bam quy dao dit trong thoi gian qua ¢, thay
dbi C2, 3 s& anh huong dén téc 6 bam va tinh 6n dinh
ctia bo didu khién.

Dau vao ctia bo chinh dinh mo 14 sai 1éch ciia quy dao
bam va dao ham theo thoi gian thoi ciia nd. Vi céc tap
mo dau vao dugce biéu dién dudi dang tam giac c6 dang
nhu trong hinh H.3 va H.4.

A lel
NB Ns  Z PS PB
-10 3 -0.007 0 0007 3 10 g
H.3  Cic tdp mo dau vao el
“cl_dul
NB NS Z PS PB
25 -4 -0.003 0 0.003 4 25 >
H.4  Cadc tip mo déu vao el _dot
Bang 1. Cac bién dau vao st dung
Bién el Bién el _dot Y nghia
NB NB Khoang am 16n
NS NS Khoang am nho
4 4 Khoang 0
PS PS Khoang duong nho
PB PB Khoang duong 16n

Bi¢n dau ra dugc xay dung dua theo mo hinh mo
Sugeno c1 gdbm 5 bién VS,S,M,B,VB ¢6 gia tri nim
trong doan [1;10]. C2,C3 gé)m 5 bién VS,S,M,B,VB ¢6
gia tri nam trong doan [0.2;0.6].
Bang 2. Hé luat suy dién cho c1

el
el dot
NB NS Z PS PB
NB M S VS S M
NS B M S M B
Z VS B M B VS
PS B M S M B
PB M S VS S M
Bang 3. H¢ luat suy dién cho ¢z, C3
el
el dot
NB NS Z PS PB
NB M B VB B M
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NS S M B M S
z VB S M S VB
PS S M B M S

PB M B VB M M

4. Két qua mo phéng va thao luan
Phin mém Matlab-Simulink dugc sir dung dé mo
phong kiém chimg hiéu qua cua b diéu khién dé xuat.
Céc tham s6 va thiét 1ap mo phong duoc thé hién trén
bang 4.

Bang 4. Tham s6 dung trong mé phong

Tham s6 mé | m=12kg, J=0.56kg.m2, d=0.3m,

hinh robot r=0.076m.

Hé s6 mit | c1=diag(5,5,5);

trugt c2=c3=diag(2,2,2)
Xy = Ry cos(w,t)

Quy dao dat: Yy = Ry sin(wyt)

Ry =3(m),w, = 0.1(rad/s)

Vi tri ban dau | x(0) = 0;y(0) =0;6(0) =0

bé kiém ching tinh ding dan va hiéu qua cta bd dieu
khién dé xuit, DSC s& duoc dua vao dé tham chiéu va
so sanh két qua trong mo phong. Qua trinh méd phong
duoc tién hanh trong 2 trudng hop: khong c6 nhidu tac
dong va c6 nhiéu tac dong.

Twong hop 1: B diéu khién DSC va AFDSC khi
khong c6 nhiéu tic dong

] sai lech theo truc X 2 bo dieu khien

—AFDSC

0.5 —bse

0.02

E-0.02
-0.04

-0.06

-25 1.7 1175 118 1185 118

3 : i ; .

20 30 40 50 60 70 80
Time (seconds)
a)
Sai lech quy dao theo truc Y
o T T T T T —
—eyAFDSC| |
0.2+ 1
—eyDSC | |
01f i
|
0 |
3 |
01 %10 ]
£ 10/ |
0.2 ]
. T
£ 5
0.3F 1
0 |
041 1
12 14 16 18 2 |
-05F -|
06k . . | : . ]
0 10 20 30 40 50 60 70
Time (seconds)
b)

H.5  Sailéch bam ciia robot theo cdc truc: a) truc Ox, b)

truc Oy.




Hoi nghi - Trién 1am quéc té lan thir 7 vé Diéu khién va Ty dong hoa

Van toc theo truc X 2 quy dao

—AFDSC
1 n
—DSC
031}
15 |
0.3 fasipruay T
o o29p
1 0281
12 125 13
0.5
o L L . L . L .
0 10 20 30 40 50 60 70 80
Time (seconds)
a)
05 Van toc theo truc Y 2 bo dieu khien
. T T T T

" —arpsc
—osc

0.02

0.01

0
05r 001

M/s

-0.02
9 9.5 10 105
4 | | L ! L 1
0 10 20 30 40 50 60 70 80
Time (seconds)
van toc goc 2 bo dieu khien
25 T T T
[—warDsc
2 011 [=wbSC_ | J
0.105
151 i
0.1
3
g
= 0.095
0. & 12 14 16 18 20 i
0
05 . . . . .
10 20 30 40 50 60 70 80
Time (seconds)
c)

H.6 Vin téc va vdn téc gée cuia robot khi khong cé
nhieu tac dong: a) vx b) vy ¢) w

Van tdc theo céc truc x, y vavan tde goc dugc thé hién
trén H.6. Trong diéu kién khong ¢ nhidu tac dong, 2
b6 diéu khién chimg t6 dugc kha ning bam qui dao kha
tbt. Sai 1éch bam thé hién trén H.5 cho thy hiéu qua
b&dm cta b6 AFDSC trong truong hop nay.

Truwong hop 2: So sanh DSC va AFDSC khi ¢6 nhiéu
tac dong:

M&b phéng kiém ching:

-Thanh phan thay ddi tham s6 mo hinh duoc thém vao:
m= 12+ 5sin(5t) (kg). va J=0.56+a(kg.m?)
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Sailechex
| |—-exafdsc| |
7 |—exDSC | |
-3 7.993 i 7.9935 7.994 i 7.9945 7.995 L
0 20 40 60 80
Time (seconds)
a)
1 Sailechey
0.5¢
0 -
£ %107
057 —eyafdsc
At - —eyDSC
Pr 078 08 . ‘
0 20 40 60 80
b)

H.7  Sailéch bam cua robot theo cdc truc: a) theo truc x,

b) theo truc y,

VantoctheotrucX
2 0.3 1
0.28
0 0.26 —Vxafdsc
E1 o024 —VxDSC | |
0.22
10.134112 10.134116 10.13412
O I L L
0 20 40 60 80
Time (seconds)
a)
; VantoctheotrucY
0
@ wa*‘
E g —Vyafdsc
ZEI\ i aatin e Sxide Sodid —WVyDSC | -
0
2
2L 15.2 1525 153 , |
0 20 40 60 80
Time (seconds)
b)
VantocgocW
—Wafdsc
2:0.12 —WDSC I
« 011
% 17 0.1 ]
& 0.
\ 12.106 12.107
0 L
0 20 40 60 80

Time (seconds)

c)

H.8  Vin téc ciia robot khi ¢6 nhiéu tic déng: a) vx b) vy

C) w
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Quy dao hai bj diéu khién

|—bpit |

= AFDSC|

Eo | |=<DSC
\

-3 -2 -1 0 1 2 3
m

H.9  Quy dao cia robot khi dung cdc thudt toan AFDSC
va DSC trong truong ,hg)p 2.
5. Ket luén

Bai bao dé xuét bo diéu khién thich wng cho robot ty
hanh 4 banh da huéng dua trén viéc két hop diéu khién
mo va bo diéu khién mat truot dong. Két qua md phong
va 50 sénh vgi DSC chirmg minh dugc tinh hiéu qua va
kha ning nang cao chat luong bam qui dao cho robot
trong diéu kién nhidu bét dinh tac dong.

6. Cam on
Bai bao nay duoc sy hd tro nghién ciru ctia Dé tai cap
Vién Han [&m KHCN Viét Nam: “Nghién ctru, hoan
thién thiét ké va ché tao mau robot dang ngudi thong
minh IVASTBot tng dung trong giao tiép 12 tin vin
phong™”, mi s6: CT0000.01/24-25.
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