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Tom tit

Bai b&o trinh bay vé mot tng dung thuat toan
Dynamic Surface Control (DSC) dé tong hop bo diéu
khién cho Omni Robot bén banh da huéng dang
holonomic bam quy dao dat truéc. Tinh 6n dinh cua
hé théng duwoc ching minh dya vao tiéu chuin
Lyapunov. Céc két qua md phong khing dinh tinh
dung din cua bo diéu khién dugc d& xuat, Bo diéu
khién d¢ xuét ciing duoc nhlng va chay thar nghiém
kiém ching trén md hinh Omni Robot bén béanh ty
thiét ké ché tao trong phong thi nghiém. Vi cac két
qua dat dugc mo ra kha nang ung dung cua bo diéu
khién trong thuc té.
Tu khoa: Backstepping, Multiple Sliding Surface
Control (MSC), Dynamic Surface Control (DSC),
Omni Robot Control, Tracking Control.
Abstract

The paper presents an application of DSC algorithm
to design the controller for a four wheel
omnidirectional holonomic robot tracking desired
trajectories. The stability of the system is proved
based on Lyapunov standards. The proposed
controller is simulated on kinetic dynamic model of a
four wheel omnidirectional holonomic robot in the
labor. The simulation results show the truth of the
proposed controller and open the ability to use this
one in fact.

Keywords: Backstepping, multi sliding surface
control, dynamic surface control, Omni Robot
Control, Tracking Control.
Ky hi¢u
Ky hiéu Pon vi Y nghia
M, C,G,B Ma tran cua mo hinh
o, rad/s  Vantdc géc banh xe
v, m/s  Van téc dai banh xe
6, rad Goc léch cua banh xe
Vector toa d§ va hudng
P cua robot
X,y m Toa do cua robot
0 rad Hudng cua robot

Xg Ya, o, Quy dao dit cho robot
D m Khoéng cach tir banh
dén tdm robot
m Kg Khéi lugng robot
J Kg.m*> Momen quan tinh robot
r M Ban kinh banh xe
T N.m Momen dit vao banh xe
Van téc thang, van téc
v, vn, @ theo phuong phap tuyén

va van téc goc cua robot
kl kllv k121 k13l

ky, K, M, &, Céc hang s6 duong
p

S1, S2 Cac mat truot
Chir viét tit

DSC Dynamic surface control

MSSC Multiple Sliding Surface

1. Phin mé dau

Céc robot dugc tmg dung trong doi séng ngay cang
nhiéu nhu robot van chuyén hang hoéa, robot kiém
tra nguy hiém, robot xe lin cho nguoi khuyét
tat... cac nghién ctru gan ddy déu tap trung vao hudng
tang d6 linh hoat cua robot khi hoat dong trong cac
moi truong, dia hinh khac nhau. Cac hudng nghién
ctru vé co khi tap trung vao cac co cAu, co ché thiét bi
chap hanh truyén dong linh hoat va thich tng [8,9].
Céc nghién ctru vé 1ap trinh didu khién tap trung vao
hudng diéu khién thich nghi, thong minh, xir Iy anh
Va0 tang d linh hoat, tbc d6 va théng minh cho robot.
Omni Robot chuyén dong da huéng 1a mot dang robot
honolomic, téc d6 va linh hoat trong di chuyén
[5,6,9,10].

Da c6 nhidu cong trinh nghién ciru vé viée diéu
khién hé robot di dong holonomic. Tuy nhién, c6 mot
sO CAC cong trinh dd bo qua dong luc hoc cia robot
[3], [4]. Piéu nay la do cic van dé thiét ké bo didu
khién s& cyc ky khé khan khi sy phtc tap cia hé
thdng dong lyc ting.

K¥ thuat st dung bo diéu khién truot sliding mode
gap nhuoc diém 16n khi didu khién bam cho robot dé
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la hién tugng rung (chattering). Backstepping cling da
dugc dé xuat nhu 1a mot trong cac phuong phap dai
dién cho viéc diéu khién robot di dong holonomic ¢
xem xét chuyén dong hoc va dong luc hoc [5], [6].
Tuy nhién, bo diéu khién backstepping ton tai sy anh
huong cta nhidu, khi ma d¢ phtic tap ciia hé thong
cang cao thi nhiéu cang 16n. D.Swaroop va C. Gerdes
dﬁ dé xut thut toan diéu khién DSC dé giai quyét
van dé nay bang cach sir dung mot bd loc bac nhat
cho timg bd diéu khién ao duoc tong hop & timg bude
clia quy trinh thiét ké backstepping.

Theo @6, chung t6i da dé xuat mot bo dicu khién
bam quy dao ctia robot di dong holonomic. Bang cach
sir dung thuat toan DSC dé thich tmg vuot qua moi
thanh phan nhidu va sy khong chinh xac cua cac tham
sO. Dya trén tiéu chuin Lyapunov, ching t6i ciing
chimg minh ring tit ca cac tin hiéu trong hé thong
vong kin 6n dinh va c6 thé dugc diéu chinh nho tiy y
bang cach diéu chinh cac thong s thiét ké.

Bai viét nay dugc t6 chirc nhu sau: Phan 2 gidi
thiéu co ban vé thuét todn DSC. Phan 3 md hinh héa
Omni Robot bon banh két hop dong luc truyén dong,
ap dung thuat toan DSC vao diéu khién robot, phan
tich su 6n dinh cua hé thong diéu khién dugc dé xuit
cing v6i viée trinh bay két qua md phong. phan 4
trinh bay vé thiét ké, ché tao Omni Robot bdn banh va
chay thtr nghiém thuat toan. Cudi cung, phﬁn 4 trinh
bay mot s6 két luan duogc rat ra tir nhitng nghién ciru
trén.

2. Gidi thiéu thuit toan Dynamic Surface

Control (DSC)

Thuat toan DSC dwgc phat trién tir thuat toan
MSSC va ki thuat Backstepping. Ap dung cho hé
truyén nguoc. Vi du sau ddy s& gidp hiéu ré vé cac
budc thuc hién cua thuat toan.

Xét hé phi tuyén:

&= x,+ f(x),
8=

Voi fva of /x, 1a ham lien tuc. Muc tiéu diéu

o))

khién x, — x,

Pau tién ta xdy dung mat truot thi nhét:
S, =X —X, . Paoham S, dya vao (1):

Sl =X+ f- Xy
Tiép theo, xay dung mat truot tha hai:
S, =% — X4
Trong d6 X,, goi la dau vao ao dugc thiét ké dé lai
S, > 0.Pao ham §,:
S, =U—X,,
u s& dugc thiétké d¢é S, -0, tic 1a x, — X,
Dé chon x,, , truc hét ta chon X,, nhu sau:
Xoq =% — F =K, )

Sau d6 x,, duoc tinh qua bd loc la khau quan tinh
bac nhét:
oy +Xoq = Xpg ?3)
Hang s6 duong K, s& duoc xac dinh sau, u duoc
chon:

u=%, —K,S, (4)
bit £=x,,—X,, lic nay ham Lyapunov dugc
chon:
V= S7+87 +¢&7
2

Viéc kiém tra tinh 6n dinh s& khong dwoc trinh bay
& phan nay, né s& duoc trinh bay & bai todn cu thé s&
lam ¢ phan duéi.

Su khac biét cua thuat todn DSC véi thuat toan
MSSC hay Backstepping la bo loc & phuong trlnh 3).
Bo loc nay s& gitp han ché anh huong cua sai sé trong
tinh toan ¢ phuorng trinh (2) va (4).

3. Diéu khién bam quy dao Omni Robot

st dung thuat toan DSC
3.1. M0 hinh héa Omni Robot

¥y

H.1 Omni Robot 4 banh
O H1 ta thdy robot Omni c6 4 banh xe dat léch

nhau 90°, khoang cach tir banh dén tam robot 13 D,
Oxy la truc toa do toan cuc, v la van toc thang cua
robot, vn 1a van téc theo phuong phap tuyén cia robot
va o 1a van toc goc cua robot

vV, =ar (voii=1,2,3,4)
o, 1a van toc goc banh i
q=[x y O] 1a vector toa do v hudng ciia robot

trong hé toa do toan cuc
3.1.1. M6 hinh dong hoc

Phuong trinh dong hoc cia robot: (1.4)
X cosfd -sing 0| v
y|=|sing cos@ O0Of vn (5)
0 0 0 1o

[V vn a)]T dugc tinh theo van tdc cac banh nhu

Sau:
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[k k kK]
v 2 2 2 2 |%
k k k k ||V,
vn|=| — — - ——
2 2 2 2|lv,
el 111y,
14D 4D 4D 4D

v6i hing s6 k = cos45° = ~——

3.1.2. M6 hinh dong luc hoc
Phuong trinh dong lyc hoc cua robot dua trén céng
thirc Euler-Lagrange:

M(@)G+C(a,9)q+G(@)+7, =B(@)z  (6)
Trong do:
a=[x vy 6’]T 1a vector bién khop da dugc chon &
phén trén.
7, la vector nhiu bét dinh bi chian (nhé va dugc bo
qua trong tinh toan)
7 1a vector tin hi¢u vao (ta chon & day la mo men luc

dat vao mdi banh) r=[r, 7, 1, T4]T

M(q) =

o o 3

0 0
m O
0

(&

C(@.4)=0,, G(@=0
cos¢, cosd, cosf, cosé,
B(q)=1 sing, sing, sing, sing,
' D D D D

0.-0+% 0,-0+F 0,-0- 9,-0-T
4 4 4 4

3.2. Thiét ké b diéu khién

T phuong trinh dong hoc (5) ta c6:

% = c0s O —sin @vn —sin 6.0v —cos 6.0vn

§ =sin OV +cos O.vn +cos.Av —sin 6.0vn

0=a

Suy ra:

COS A% +Sin 8y =V — wvn —sin X+ cos @Y =Vn— v
T phuong trinh dong luc hoc (6) ta cling tinh dugc

oo oo K
cos@X+sin0y =—(z, -7, — 7, +7,)
mr

L .k
—sin@xX+cos@y =—(z,+7,—7,—7,)
mr

. D
O=—(t,+7,+7,+7,)
Jr
Pit
T=T7—T,—T,+7T, T,=0,+T,—T;—1,
’ 1

T, =T, +T,+7,+7,

7, 1 11
T
-1 1 1
Suy ra: 7L T, (7
| 4l-1 -1 1
T
7 1 -1 1

Phuong trinh phia trén s€ tré thanh:
. k . k . D
V-—aovWn=—r7, \N+av=—r,, @®=—71, (8)
mr mr Jr

Ta x4c dinh cac bién trang thai nhu sau: X =d,
T k  k D T
=[v w o], u=s|l—7r —17, —r,
mr mr Jr

Tt phuong trinh dong hoc (5) va phuong trinh (8) ta
co:

cosd —sing 0
X =|sin@ cosd O0]|x, 9)
0 0 1
wvn
X, =U+| —oV (10)
0

Goi X,, Y, 6, 1a céac gia tri dit cua quy dao robot
3.2.1. Mat truot S,

Sy, cosé singd 0| x—x,
S, =|S, |=|-sind coséd O|y-y,| (11)
S 0 0 1|6-6,

Pao ham S; theo phwong trinh (11) két hop véi
phuong trinh (9):
V—Cos@x, —sinfy, + oS,
S, =| vn+sin@x, —cos@y, — S,

-6,
Chon X, nhu sau:
v cos@x, +sindy, —k,;S;;
X, =| VN |=| —sin@%, +cosdy, —k,S,, | (12)
@ 6, —Ki3Sy

Tin hi¢u diéu khién 4o X,, dugc bam theo X, qua mot
b9 loc 1a khau quén tinh bac nhét:
T X0 =%, Xag (0)=%,(0)
Vé6i hang s6 thoi gian 7' >0
3.2.2. Mat truot S,

SZl

Sy =|Sp | =% =Xy (13)

S23
Pao ham S, & phuong trinh (13) va két hop véi
phuong trinh (8):

wvn
S, =%, — X,y =U+| —aV |- X,
0

Chon tin hiéu diéu khién thuc
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wvn
U =X, —|—av|-k,S, (14)
0
Tur phuong trinh (7) va cach dat u ta co:
e B}
7 1 1 1) 9O
-1 1 1
71 o ™ oy (5
| 4l-1 -1 1 k
7, 1 119 o
D

3.2.3. Phan tich tinh én dinh ciia hé thcfng
bat §{=v,-V, {=vn,-vn va § =0, - @
va

51 =V —V=- 51 Tt f (Sl’SZ’gl'kil

gzzvnd —\}_n: §2+f (811821952’k12

észa.’d 5_3.+ f3(Sl,SZ,§3,k13)
T

Xét ham Lyapunov:
Si+Sp+Sp+Su+SL+SH+E+G+E

—=—

V =
2
Suy ra:
V= S11811 + S12812 + S13 S13 + S21821 + Szz Szz + S23823
+§1§1 + ézzéz + 5353
Ta co:
S11 S11 + S12 512 + S13 S13 = S11 (V -V+ wSlZ - kusn )

+S, (Vn=V - @S, —k,,S,, )+ S;; (0 — @ —k;;S,,)
= Sll (821 + 51 - I(11511)"' Slz (Szz + ‘:EZ - klZSlZ )
+Sl3 (823 + 653 - k13813)

Si +Sy

din
g 2

St dung cac bat thic: S,;S,,; <

2¢2
va §ifi£3§i f

2 2
5 & < ;5 +§ (W6i 1=123)

Suy ra

25 +2S,+255 + 55 + S, + S+ & + & + &
2

_(kllslzl + Ky, St + ki Sps + K, S5, + K, S5, +K, S5 ) +é&

e 3§f
+
Xét mién
B={zel®|S+S,+S3+S2+S2 +S2
1& v ve<app>0z=[s] sl £}
(voi é‘T

16i. Vi vay cac ham f, s& ton tai gia tri on nhat trén

V <

=[& & &])lamot mién bi chan, déng va

mién B, goi gia tri I6n nhét cia ca 3 ham trén B 1a M.

Chon k,, =k, =k, =k, =2+ K va hang s6 thi gian:
2

1 =1+ M +K

T 4e

Ldc nay:

v < 23121 + 28122 + 28123 + 8221 + 8222 + 8223 + é:lz + 522 + 532

2
—(2+K)(SZ+S5+S5+S2, +S2 +S2)+¢

: 2 3Mm? 3M2E? f2
+iz_1:(_§i [ 4e +K] 46Cf WJ

<—2KV +¢- 2(1—“;2]3'\1 &
&

i=1
Cudi cung ta thu dugc V <—2KV +¢ trén B
Ta c6 thé thidy ring V<0 néu V >&/2K, khi
V =0thi V <&/2K. Do hing s6 & c6 thé chon nho
ty y mudn nén céc sai sé cua hé théng ludn cé thé
duoc gidi han & mot mac cho phép nao do.
3.3. Két qui mé phong
H2 duéi day 1a so do cau truc dicu khién

T

1 My e Miwwe | v
S 4 w c

D% wmg
Robot Ozl

XN BN Mw

| Clee teda 00 40
i cen b !lLU

H.2  So dé cdu tric diéu khién

- Khi si¢ dung bg diéu khién PD thong dung:
Toa do ban dau cua robot: x(0)=0, y(0)=0, 8(0)=0
Céc tham sb ban dau: m= 10Kg, I= 5Kg.m? D =0.5m,
r=0.15m.
Bo diéu khién PD: vong dong hoc: Kp=1, Td=2, vong
dong luc hoc: Kp=10, Td=5.
Quy dao dat 1a dwong tron:

=[10cos(27t/15) 10sin(27t/15) x/2+27t/15]

(m)
18 : : T

quy dao dat
quy dao thuc

H.3  Quy dao robot toan thoi gian khi sir dung bé diéu
khién PD (m= 10Kg, 1= 5Kg.m?)
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m
10 {m) T T
xe
ye
L R R RRECEEE SEREEEEEE the
3 N SN o
: : (s)
2
0 5 10 18

H.4 D6 thi sai s6 quy dao theo thoi gian khi sir dung bo
diéu khién PD(m= 10Kg, 1= 5Kg.m?)

. [m]
15 T T T —
: : quy dao dat
quy dao thuc
10 g o ]
0 _
- -
A5 i i i i {m]
-15 -10 =] 0 5 0 15

H.5  Quj dao robot todn thoi gian khi sir dung b diéu
khién PD (m= 20Kg, I= 10Kg.m?)

H.6 D6 thi sai s6 quy dao theo thoi gian khi sir dung bo
diéu khién PD (m= 20Kg, I= 10Kg.m?)

H3 va H4 thé hién sy hoi tu cua cac bién sai léch
bam khi st dung bo diéu khién PD thuong. H5 va H6
thé hién sy hoi tu cua cac bién sai léch bam khi st
dung bo diéu khién PD thuong khi thay déi tham sé
cua robot la: m=20kg;1=10kg.m2

Nhdn xét:

Nhin vao két qua trén ta c6 thé thay rang, khi sir
dung bo diéu khién PD, véi sy thay d6i tham sé cua
hé s& dan dén chit lugng bam thap, co dao dong va
tdn tai sai léch tinh.

Trong khi & H.5 khi céc gia tri tham sb cua xe
Robot thay di thanh m=20kg;1=10kg.m?; thi nhu H.6
thé hién su dao dong cua sai léch bam quy dao khi sir
dung bo diéu khién PD la rat dang ké. Thoi gian hoi
tu 1a hon 10s va thé hién sy dao dong cua sai léch
bam, ciing nhu ton tai sai léch tinh I6n.

- Khi si# dung bé diéu khién DSC:

+ V¢i quy dao dat la dwong tron:

Toa d6 ban dau cua robot: x(0)=0, y(0)=0, 8(0)=0
Cac tham sb cua bd diéu khién duoc chon 1a: kyy=kq,=
k13:k2:3, 7'=0.02s

Céc tham sb ban diu: m= 10Kg, I= 5Kg.m? D =0.5m,
r=0.15m

Quy dao dat 1a duong tron:

X, (t)=[10cos(27t/15) 10sin(2zt/15) z/2+2xt/15]

Két qua md phong bai toan Omni robot bam quy dao
sir dung thuat toan DSC duoc trinh bay trén H7+H11.

15 < - v -
—y 80
s quy dao thuc
10 .
O,
st
10
| [ — —te —i "3 - - -
16 10

5 0 b 10 15

H.7  Quy dao robot toan thoi gian khi sir dung bg diéu
khién DSC(m= 10Kg, 1= 5Kg.m?)

..... X8
ye

B f nev g ¢

:. 4

\

\
BhH

\

'

\
A

i

i

¥
2ri

\
II

A
{ “'. ;':
2 : ts)
D 5 10 15

H.8 D6 thi sai s6 quy dao theo thoi gian khi sir dung bo
diéu khién DSC(m= 10Kg, 1= 5Kg.m?)
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X0 : A -
H.9 Momen dat vao dféng co 1 va dong co 2 khi sir dung
b¢ diéu khién DSC(m= 10Kg, I= 5Kg.m?)
15 (m) T T T

I
quy dao dat
quy dao thuc

15 I I | | | (m)
A5 -0 K3 0 5 10 15

H. 10 Quf dao robot todn thoi gian khi sir dung bé diéu
khién DSC(m= 20Kg, I= 10Kg.m?)

_________________________________________________________

5 i i (s)
0 5 10 15

H. 11 D6 thi sai s6 quy dao theo thoi gian khi sir dung bo
diéu khién DSC(m= 20Kg, 1= 10Kg.m?)
Nhdn xét:

Nhin vao két qua trén H7, H8, H9 ta c6 thé thiy
rang khi st dung b¢ diéu khién DSC chat lugng bam
thoi gian hoi tu cua 1a khoang 3s, robot bam theo quy
dao suét khoang thoi gian md phong, khdng ton tai sai
léch tinh.

Hiéu qua cua bo diéu khién DSC d& xuit véi su ton
tai cac thanh phan bét dinh, nhidu dugc thé hién tur
H10, H11. Trong H.7, khi cc tham sé duogc dit bang
gia tri thuong xdc dinh m=10kg, 1=5kg.m2. Sai léch

quy dao 1a nho va khong dang ké. Trong khi & H.10
khi cac gia tri tham sd cua robot thay doi thanh
m=20kg;1=10kg.m2; thi nhu H.6 thé hién sy dao dong
cua sai léch bam quy dao khi sir dung bo diéu khién
PD la rit dang ké, c6 dao dong 1on va sai léch tinh.
Trong khi & trang thai nay néu sir dung bo diéu khién
thich nghi DSC (H.10, H11) thi chat lugng 1a khéng
d6i so véi H.7 va H.8.
+ Véi quy dao dat la dwong thang
Toa d6 ban dau cua robot: x(0)=0, y(0)=0, 8(0)=0
Cac tham sb cua bo diéu khién duoc chon 1a: kyy=kq,=
k13:k2:3, 7'=0.02s
Céc tham sb ban diu: m= 10Kg, I= 5Kg.m? D =0.5m,
r=0.15m

(m)

; H H H quy dao dat
-] —— [ Lo e quy dao thuc

I S S SN NN S NS NN 0

Quy dao robot toan thoi gian khi sir dung bo diéu
khién DSC, quy dao dwong thang

‘ 0 5 10 15
H. 13 D6 thi sai s6 quy dao theo thoi gian khi sir dung bg
diéu khién DSC, quy dao la duwong thang.

Momen dat vao dong co 1 va dong co 2 khi sir dung
bé diéu khién DSC, quy dao la dwong thang
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Nhdn xét:

Nhin vao két qua trén H12+ H14 ta c6 thé thay rang
khi quy dao dit 1a duong thang, bo diéu khién DSC
cho két qua chit luong bam cua hé thdng rat tdt, thoi
gian hoi tu cua la khoang 3s, robot bam theo quy dao
sudt khoang thoi gian md phong, khong ton tai sai
léch tinh.

4. Chay thir nghiém

Dé thur nghiém thuat toan, nhém nghién ciru di tu

thiét ké va ché tao mot Omni Robot bén béanh.

& N

H. 15 Thiét ké co khi ciia Omni Robot bén banh

May tinh PC
(man hinh giam sat toan bd hé théng)
Ay ST o @ N
Main diéu khién chinh _’
(Sir dung vi didu khién ARM ) -
Do goc Encorder |,
Gyro, laban sé |—| _>

KIT ARM Friendly TINY6

(LCD 7, hién thj céc théng s6 goc,
bang diéu khién bing tay..vv)

H. 16 Cdu triic phan cimg diéu khién ciia Omni Robot

Nda nght
Tinh vh xuit ki
gia trf PWM

Do cm bién

!

Tinh g b dit
vio 4 banh xe

Do< 16¢ 3 binh xe

H. 17 Luu dé thudt toan trong ngdt timerQ

H. 18 Hinh anh Omni Robot ché tao chay thir nghiém
- Két qud chay thir nghiém:
Omni robot trong bai bao dugc thur nghiém & moi
truong trong phong thi nghiém, quy dao dwoc dit
trude. Cac truong hop thir nghiém bao gém:

- Omni robot di chuyén bam quy dao thang vé
phia trudc 4 mét trong khodng thoi gian 10 giay.

- Omni robot di chuyén bam quyj dao thang vé
phia truéc 4 mét trong khodng thoi gian 10 gidy sau
do quay 90 dé va Vé Vi tri cii ciing sau 10 gidy.

Cac két qua budc dau cho thiy su viéc &p dung
thuat toan DSC la kha thi trong thuc té va co trién
vong cho nhiéu wng dung khac.

5. Két luan

Bai béo di trinh bay hoan chinh viéc tong hop hé
thong diéu khién bam quy dao cho Omni Robot bao
gdm: thiét ké ché tao phan cing co khi Omni Robot
bbn banh, mé hinh h6a Omni Robot bén banh thuc té
da chét tao, xay dung thuat todn DSC cho robot
Ommi, md phong va thiét ké ché tao mach dién tir
diéu khién, lap trinh nhiing ARM thuat toén va chay
thir nghiém thuat toan. Tinh 6n dinh cua hé thong
dugc chirng minh bang tiéu chuan Lyapunov. Céc két
qua md phong ciing cho thay robot da dat dugc muc
tiéu bam qu¥y dao, thoi gian qua d6 ¢ muc cho phép.
Céc két qua chay thir nghiém budc dau cho thiy ap
dung thuat todn DSC dé diéu khién robot 1a hudng
dung dan, kha thi trong thuc té va cd trién vong cho
nhiéu wng dung khéc.
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