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A proportional integral derivative sliding mode control (PID-SMC)
for an Omni-directional mobile robot is designed and evaluated in this
article. This is one type of mobile robot that is the most widely used
in industrial automation systems with many advantages, such as
flexibility in movement patterns, have the ability to move freely in
both directions. The PID-SMC is designed to ensure the robot’s actual
trajectory tracks to the reference in a finite time and reduces the
chattering phenomenon around the sliding surface. The stability of the
system is proved using the Lyapunov stability theory. Simulation
results in MATLAB/Simulink show the effectiveness of the proposed
controller with the overshoot, the rising time, the settling time of x is
1.963(%), 0.045+0.001(s), 0.28(s) and yw is 0.505(%), 0.160+0.001(s),
0.231(s), the steady state error converges to zero and the chattering is
reduced.
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Bo6 diéu khién truot vi tich phan ty 1& cho robot di dong da hudng
duoc thiét ké va danh gia trong bai bao nay. Pay 1a loai robot duoc
sir dung rong rai trong cac hé théng tu dong hoa cong nghiép véi
nhiéu vu diém nhu linh hoat trong cac md hinh chuyén dong, c6 kha
ning di chuyén ty do theo cac hudng. Bo diéu khién truot vi tich
phan ty 18 duoc thiét ké dam bao quy dao thuc té cua robot hoi tu vé
quy dao mong mudn trong thoi gian hitu han va giam hién tuong
chattering quanh mat truot. Tinh 6n dinh cua hé thong duoc chimng
minh dua vao ly thuyét 6n dinh Lyapunov. Cac két qua mé phong voi
MATLAB/Simulink cho thay hiéu qua cua b diéu khién dé xuat véi
do vot 16, thoi gian ting, thoi gian x&c lap cua xw 1a 1,963(%),
0,045+0,001(s), 0,28(s) va cua yw l& 0,505(%), 0,160+0,001(s),
0,231(s), sai s6 x&c lap hoi tu vé 0 va giam hién twong chattering.
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1. Giéi thiéu

Tu dong hoa cng nghiép la diéu kién tién quyét ddi véi san xuat thong minh va robot di dong
dai dién cho mot phan cét 16i cua hé théng tu dong hda cong nghiép. Trong nhitng thap ky gan
day, do cac ung dung rong rai cua robot di dong, cac bai toan trong tm trong diéu khién chuyén
dong cua robot di dong bao gom: 6n dinh diém, bam duong di va quy dao da thu hit sy quan tam
dang ké tir cac nha nghién ctu [1]. Robot di chuyén bang banh xe ¢6 nhiéu vu diém hon so véi
cac robot di Chuyen bang chan nhu cau trac don gian, tiét kiém néng luong, téc do di chuyén cao
va chi phi thap [2]. Mot loai robot di dong duoc str dung rong rai nhat 1a robot ba banh Omni, con
dugc goi 1a robot di dong da hudng. Robot ndy ¢6 nhiéu wu diém nhu linh hoat trong cac mé hinh
chuyén dong, c6 kha ning di chuyén tu do theo cac hudng [3]. Ba dong co dugc bd tri phia dudi
cuia robot. Mdi banh xe dwoc gan tryc tiép véi truc dong co ctia nd nén dong co va banh xe co
cung tam quay [4]. Hién nay, robot nay dugc nhiéu nha khoa hoc quan tm nghién ciu va cong
b4, tiéu biéu nhu: chién luogc diéu khién md hinh tham chiéu [1], hoc sau tang cuong [2], bo diéu
khién PI [4], danh gia sy chinh xac d6 bam quy dao cta robot nhu trg ly riéng [5], thuat toan PID
trong [6] dé tinh toan két ndi 3 dong co DC cuia robot tao nén tang gidp robot di chuyén nhanh
v6i mot goc bat ky, bo diéu khién 16p bién va PD+ thong thuong [7], diéu khién bam quy dao md
hinh u6c lwong cua hé no-ron mo thich nghi [8], diéu khién bam quy dao tiém can toan cuc véi
van tbc bién [9].

Diéu khién trugt (SMC) 1a mét trong nhimng phwong phéap diéu khién phé bién vé tinh 6n dinh
va bén vitng ngay ca khi thong s6 mé hinh thay d6i va cé nhiu ngoai [10]. Tuy nhién, mot trong
nhitng han ché cua diéu khién truot 1a xuét hién hién trong dao dong véi tan sb cao (chattering)
quanh mat truot. Hién twong nay la do su khdng hoan hao va cham tré thoi gian trong chuyén
mach, do thiét bj truyén dong hang s thoi gian nho, cac mach cang suat dé bi qua nhiét dan dén
hu hong, phé hay cac chuyén dong co khi [11], [12]. Bé khdc phuc hién twong nay, cac nha
nghién ctru da dé cap va ap dung nhiéu phuong phap khac nhau, cu thé nhu: diéu khién truot ham
bdo hoa két hop véi mang no-ron héi quy Elman va giai thuat Smoothed Super Twisting [11],
diéu khién truot gan téi vu dwa vao hoc cang cé tich phan [12], diéu khién truot thich nghi dua
vao ham hyperbolic tangent [13], diéu khién truot ddu cubi thich nghi [14], diéu khién da kénh
bén viing [15].

Trong bai bao nay, bo diéu khién PID-SMC duoc d& xuit ap dung cho diéu khién robot di
dong da hudng voi cac noi dung dugc thuc hién nhu sau: thir nhat, thiét ké bo diéu khién PID-
SMC dé diéu khién vi tri thuc té cua robot hoi tu vé vi tri tham chiéu trong thoi gian hitu han; thir
hai, bo diéu khién nay s& gop phan khéc phuc hién tuong chattering quanh mit truot.

Bai bao duoc trinh by véi 5 phan nhu sau: Phan 1 12 gidi thiéu, md hinh toan hoc cua robot
di dong da hudéng duoc trinh bay trong phan 2, phan 3 trinh bay phuong phap thiét ké bo didu
khién PID-SMC cho robot, két qua md phong va danh gia dugc trinh bay trong phan 4 va phan 5
la Két luan.

2. M6 hinh toan hoc ciia robot di dong da hwéng
Robot di dong da huéng holonomic hodc nonholonomic da dwoc nghién ctu bang céch s
dung su da dang cua cac co ché may. Cho robot di dong chuyén dong cung trén khong gian lam
viéc. Gia sur rang h¢ toa do tuyét doi o, — XY, duoc co dinh trén mat phang va hé toa d6 chuyen
dong o — x Y, duoc cb dinh trén tm cua trong luc cho robot di chuyén nhu Hinh 1 [16].
Phuong trinh dong luc hoc robot nhu (1):
X‘W al _a2¢ 0 Xw b17/1 b172 2b1 COS¢ ux Dfx
Vo |=|ag & 0|y, |+|by by, 2bsingju |+ Dy =AX+B,U+D; (1)

¢. 0 0 a, ¢ bz bz bz u¢ Df ¢
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Vai X :[XW Yo ¢]T la vector trang thai cua robot; U :[uX
khién vaD,

=[D, D,

T ~ 7 1
Dy, | 1anhiéu hé thong chua biét.

) &

U e
u¢] la tin hiéu diéu

B6 diéukhién |U

Robot di dong

52 U done | B
+ PID-SMC da huéng '
0 X, -

Hinh 1. M6 hinh robot di dong da huwong

Hinh 2. So d6 cdu tric bé diéu khién PID-SMC

Trong do:
_ B 2Mr?2 - 3cl? b, = kr oo kL
% (3l +2Mr?)" ? (3|W+2|v|r2)'a3 @I+ @1, +2Mr?)" % @3l +1,r?)
a _a2¢ 0 b17/1 b17/2 2b1 COS¢ 31
=|a,¢ 0 = 2b,sing |, =
A, /Y By by, by, b, sin ¢ a, (3IW+2Mr2)
0 0 a b, b, b,

7, =—35ing—cosg, y, =/3sing—cosg,y, =/3cosg—sing,y, =—/3cosg—sing

Trong d6: L la khoang céch gitra b?ét ky bo phan va tam trong luc cua robot; ¢ 13 hé s6 ma sat
nhat cho banh xe; Dj la luc 1ai cho moi bo phan; r 1a ban kinh ciia moi banh xe; 1, 1a m6-men
quan tinh caa mdi banh xe quanh truc 14i; w, 1a toc do quay cua banh xe; k 1a yéu t6 do loi 14i; u,
momen xo04n ngd vao lai.
3. Thiét ké b diéu khién PID-SMC cho robot

So d6 cau tric bo diéu khién PID-SMC duoc trinh bay nhu Hinh 2.

, T N T

Trongdo =[x, Y, 4] va B =[x v, &].

Trong nghién ctiu nay, b diéu khién PID-SMC dugc thiét ké lan lugt voi x_, vy, VA ¢ .
3.1. Déi Véi x,:

Phuong trinh (1) dwoc viét lai nhu (2):

XN = alxw _aQ¢YW +b17/1ux +b17/2uy + 2bl COS¢U¢ + Dfx (2)
Sai sb cua x, nhu (3):

e =X, — X, 3)
Mat truot PID cho x ,nhu (4):

kPxex + klxje Tij + ka (4)
Thé (2) vao dao ham cua (4), ta duoc (5):
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S, =Ky (X, =X, )+ Kp, (%, =% ) + Ko, (a1>'<W —a,8y, +byu, +hy,u, +2b cosgu, + D, X, ) (5)
Véi luat tiép can toc do hang nhu (6) [17]:

S, =-n,sign(8S,) (6)
Luat diéu khién PID-SMC cho x, nhu (7):

1 (Kn8 +Kpé8,
Hio-swcx = _W{ +K,, (a1>'<W —a,gy, + byy,u, +2b, cosgu, + D, — X, ) + nxsign(Sx)J Q)
3.2. Déivéi vy, :

Tuong ty nhu trén, luat diéu khién truot véi luat tiép can téc do hang ddi voi y,, nhu (8):

’ ~ 1 k,yey + kF,yéy @®
PO Ko b |+, (2,8%, + 2, +Bu, + 28 singu, + Dy — ) +7,sign(S, )

‘ de
Véii e, =y, -y, va S, =k,e + k,yJ‘ey (r)dz+ kDyd_ty
0
3.3. PoiVéi ¢ :
Tuong ty, luat didu khién truot véi luat tiép can toc do hang ddi voi ¢ nhu (9):
1 - . } _
Unip_sucy = —n(kpqﬁqj +K,,8, + Ko, (a3¢ +b,u, +b,u, +D,, - ¢, )+ 77¢5|gn(8¢ )) 9)
Dy M2

h de
Vit €, =4, ¢y va S, =ky8, +kl¢.[e¢ (T)d“‘kwd_t¢
0

Vay luat diéu khién PID-SMC robot di dong da hudng véi luat tiép can toc do hang nhu (10):

Upio sue =—(KoBy ) (K& + Kpé + Ky (A, B+ D, - B, )+ msign(s)) (10)
Trong do:
Upio_smex k, 0 O ke, O 0 k, O 0
Uposue = | Usipsuey [ K =] 0k, 0 K= 0 k,, 0 [;Ky= 0 k, O
Upip-sucy 0 0 k, 0 0 ki, 0 0 Ky

Trong luat diéu khién (10), matran B, la kha nghich. That vay, ta c6 (11):
by, by, 2bcos¢
B, =|by; by, 2bsing (11)
b, b, b,
Thay »,,7,.7,.7, vao (11), ta duoc (12):

bl(—\/§sin¢—cos¢) bl(\/§sin¢—cos¢) 2b, cos ¢
B, = bl(\/§cos¢—sin¢) bl(—\/§cos¢—sin¢) 2b sin ¢ (12)
b, b, b,

binh thirc cta (12) nhu (13):
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det(B, )= (bl(—\/§sin¢—cos¢))(b1(—\/§cos¢—sin ¢))(b2)
+ (b1 (\/§sin ¢— cos¢))(2bl sing) (b, )+(2b, cos;zﬁ)(bl (\/§cos¢ —sin ¢))(b2)

(13)
—(2b, cos¢)(b1(—\/§cos¢—sin¢))(bz)—(bl(—\/§sin¢—cos¢))(2blsin¢)(b2)
—(bl(\/§sin¢—cos;z&))(bl(\/§cos¢—sinqﬁ))(bz)z6\/§bfb2
Trong d6, b, = ke —~:b, = krl — chira cac thng s6 ciia robot.
@3l,, +2Mr?) @I, +1,r?)
Twr d6 suy ra (14):
det(B, ) =6v/30%h, #0 (14)
Tu (14) chung to ma tran B, kha nghich va ma tran nghich dao cua B, nhu (15):
[ J3cosg—3sing  3cosg—~3sing i_
6/3b, 6/3b, 3b,
g 3sin¢—ﬁcos¢ ﬁsin¢—3cos¢ 1
i N o3, (49
3, 3b, 3b,

Tur (14) va (15) cho thay ma tran B, ludn ton tai, do do ton tai luat diéu khién (10) cho robot.
Dé chung minh tinh 6n dinh, ham Lyapunov duoc dinh nghia nhu (16):

Vv :%s? (16)

bao ham cua (16) nhu (17) :
Ko(AB—-B,+D;)+Ke+Ke

+KDB\N[—(KDB\N)1[

=-Spsign(S)=-n|S|<0
V6i 77>0 thi V. —0 véi gia tri ciia 77. Hé thong s& on dinh theo Lyapunov. Ldc nay, sai s6
e(t) s& hoi tu vé 0 dan theo S —0 khi t —0. Vi thé, e(t),&(t) — 0 khi t —>0.

Luat diéu khién truot (10) dam bao quy dao thuc té ciia robot bam theo quy dao mong mudn
trong thoi gian hitu han va giam hién tuong chattering.

V=8S=S§S K.e+K,é

+KD(AN,B'—,3(,+D,)N+”Sign(S) (17)

4. Két qua md phong va danh gia
So @ md phong bo PID-SMC véi MATLAB/Simulink duoc trinh bay nhu Hinh 3:

Mux PID_SMC_Controller |—>| Omni_Robot I : y

PID-SMC Controller Omni-directional Mobile Robot Y

er O
time

>
l_'L
Hinh 3. So' @6 md phong bg PID-SMC véi MATLAB/Simulink
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Céc thong s6 ctia bo PID-SMC va robot dugc trinh bay nhu Bang 1 va Bang 2.
Bang 1. Cac théng sé cia b PID-SMC

Thong sé K, K, Ko n
Gia tri diag (5) diag (25) diag (0.1) 250*eye(3)
Bang 2. Cac thdng sé cua robot

Ky hiéu Y nghia Gia tri Pon vi
1, M&-men quan tinh cta robot 11,25 kgm?
M Khéi lwong cua robot 9,4 kg
L Khoang céch tir mdi banh xe dén tam robot 0,178 m
k HE s6 truyén dong 0,448
c Hé s6 ma sat nhét 0,1889 kgm? /'s
1, M&-men quan tinh cia banh xe 0,02108 kgm?
r Bén kinh mdi banh xe 0,0245 m

Két qua dap (ing va sai s6 cua Xg Va Xw, Ya VA yw bo diéu khién PID-SMC véi ngd vao duong

tron duoc trinh bay nhu Hinh 4 va 5 twong tmg. Quan sat dap ung trén Hinh 4 va 5 ta thay rang,
dap ung thuc té xw va yw cua robot hoi tu v& x4 va ya mong mudn trong thoi gian hiru han véi do
vot 16, thoi gian tang, thoi gian xac 1ap cua xw 1a 1,963(%), 0,045+0,001(s), 0,28(s) va cua yw 12
0,505(%), 0,160+0,001(s), 0,231(s), sai s6 xac lap hoi tu vé& 0. Cac chi tiéu chat luong cua X4 va

Xw, Yd Va Yw duoc trinh bay trong Bang 3.

04 Dap ung xd va xw PID-SMC voi ngo vao Circle
. T T T T

Bien do(m)

Bien do(m)

Dap ung yd va yw PID-SMC voi ngo vao Circle

L
0 0.5 1

Sai so xd va xw PID-SMC voi ngo vao Circle
T T T T

Bien do(m)

-

0 0‘5 1‘ 1‘5 2‘
Thoi gian(s)
Hinh 4. Pdp #ng va sai so Cua X4 va Xw

25

I I I |
0 0.5 1 1.5 2 25

3% 104 Sai so yd va yw PID-SMC voi ngo vao Circle
T T T T

2
£
o
T 1
c
2
o

0 Lv _r_—m..k

1 . . . .

0 0.5 1 15 2 25

Thoi gian(s)
Hinh 5. Pdp g va sai s cua yq va Yw

Hinh 6 trinh bay tin hi¢u diéu khién ciia X« va yw bd diéu khién PID-SMC véi ngé vao dudng

tron. Hién twong chattering quanh mat truot cia tin hiéu diéu khién da duoc khic phuc so véi bo
dieu khién SMC truyen thong dugce trinh bay nhu Hinh 7. Bieu nay ching to hi¢u qua cua bo
diéu khién PID-SMC trong diéu khién bam quy dao robot va khac phuc hién tugng chattering.

Bang 3. C4c chi tiéu char lirong cua bé diéu khién PID-SMC

Chi tiéu chit lwong Thoi gian ting Thoi gian xac 1ap Do vot 16 Sai s6 xac lap
(s) (s) (%) (m)
Xy 0,045+0,001 0,280 1,963 0
Vo 0,160+0,001 0,231 0,505 0
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10 Tin hieu dieu khien cua xw bo PID-SMC voi ngo vao Circle 0 Tin hieu dieu khien cua xw bo SMC voi ngo vao Circle ham signum
< S —
s >
o o
3 B
) o

5k -

_10 L L L L L L L
0 0.5 1 15 2 2.5 0 0.5 1 1.5 2 25

10 Tin hieu dieu khien cua yw bo PID-SMC voi ngo vao Circle 50 Tin hieu dieu khien cua yw bo SMC voi ngo vao Circle ham signum
< Sk —
> >
S <)
S 0 T 0
5 5
o [}

-5

10 . . L . 50 | . L I
0 0.5 1 1.5 2 25 0 0.5 1 1.5 2 25
Thoi gian(s) Thoi gian(s)
Hinh 6. Tin hiéu diéu khién cua xw va yw bg diéu Hinh 7. Tin hi¢u diéu khién cua xw va yw bg diéu
khien PID-SMC khien SMC ham signum

Cac hiéu suat khac nhau cua bo diéu khién dé xuat dugc thé hién trong Bang 4 [18]:
Bang 4. Cac hiéu sudt sai sé cia bé diéu khién PID-SMC

Hiéu suit sai so

Tin higu AAD MSE RMSE MPE MAPE MRE
X, 89x10%  27x10%  52x10%®  -30x10° 3,0 x 10° -3,0x 107
Vo 16x10°  81x10%5  90x10®  84x10°  84x10°  84x10%

bap ung quy dao cua bo didu khién dé xuit véi quy dao dudng tron trong trudng hop khong va
¢6 nhiéu tac dong & ngo ra cua robot (gid lap nhiéu cam blen) duoc trinh bay nhu Hinh 8 va 9 tuong
ng. Quy dao thuc té cuia robot hoi tu vé quy dao tham chiéu trong thoi gian hitu han véi sai so tién
vé 0. Bicu ndy mét lan nira khang dinh sy phu hop cua bo diéu khién dé xuat.

Dap ung quy dao PID- SMC voi Ngo vao C|rcle Dap ung quy dao PID- SMC voi Ngo vao Circle khi nhieu tac dong
0.3 [ 03l
0.2 02k
0.1 0.1
> 0 > 0
01+ 0.1
Quy dao mong muon = = =Quy dao mong muon
== = Quy dao PID-SMC Quy dao PID-SMC
02+ -0.2
031 031
-0.3 -0.2 -0.1 0 0.1 0.2 0.3 -0.3 -0.2 -0.1 0 0.1 0.2 0.3
X X
Hinh 8. Ddp ung quy dao cua robot Hinh 9. Pdp 1ing quy dao robot cé nhiéu tdc déng

5. Két luan

Bai bao da thiét ké bo didu khién PID-SMC va ung dung diéu khién bam quy dao robot di
dong da hudng. Bo didu khién dé xuit da dam bao quy dao thuc té cua robot hoi tu vé& quy dao
mong mudn trong thoi gian hitu han véi sai s6 bam tién vé 0 va khic phuc hiéu qua hién tugng
chattering quanh mat truot cua tin hiéu diéu khién. Cac két qua md phong kiém chung Vi
MALAB/Simulink cho thay cac tin hiéu xw, yw va quy dao duong tron thuc té cua robot hoi tu vé
Xd, Yd VA quy dao duong tron mong mudn dat cAc chi tiéu chat luong. Ngoai ra, bo diéu khién dé

http://jst.tnu.edu.vn 129 Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

TNU Journal of Science and Technology 227(08): 123 - 130

xuit con dugc khao sat vai truong hop gia 1ap nhidu cam bién tac dong & ngd ra cua robot ciing
cho thiy su phu hop, tinh hiéu qua caa bo diéu khién nay. Trong thoi gian toi, nghién ctu sé tiép
tuc ing dung cac phuong phap diéu khién thong minh dé nang cao hiéu qua diéu khién robot va
thuc nghiém trén mé hinh thuc té.
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