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DESIGN OF A SLIDING MODE ADAPTIVE CONTROLLER COMBINED WITH A*
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Bai bao trinh bay b6 diéu khién truot - me thich nghi két hop véi thuat toan tim dwéng téi wu
A* cho robot di ddng dwa trén déng luc hoc robot di dong. Bo diéu khién me dung dé diéu
chinh cac théng sb ciia bé mét trwot nhdm nang cao chét lwgng theo ddi quy dao cho robot.
Bo diéu khién mo nay dwoc thiét ké véi hai bién trang thai dau vao 1a 16i vi tri, dao ham 16i vi
tri robot va bién dau ra lam tham sé cho bo diéu khién trwot thich nghi. Két qua md phdng
trén phdn mém Matlab/Simulink. Ddng thdi, ndi dung bai viét dé cap dén viéc 1ap trinh va
van hanh th& nghiém thuat toan nay cho robot di dong s dung hé diéu hanh ROS (Robot
Operating System) trén may tinh nhang Jetson Nano 4G v&i viéc bam theo quy dao hoach
dinh bang thuat toan A*. Két qua mé phdng ly thuyét va thwc nghiém véi do léch vi tri x to
0,0038 dén 0,0063 m, truc y tir 0,0029 dén 0,0049 m, géc hwéng 6 tir 0,0021 dén 0,0035
rad. Va két qua thwc nghiém véi sai s6 vi tri trén truc x tlr 0,0062 dén 0,0105 m, truc y t

Robot di ddng; thich nghi, diéu khién mat trwot, diéu khién logic me, diéu khién mo truot.

This paper presents the adaptive sliding-fuzzy controller combined with the optimal
path-finding algorithm A* for mobile robots based on mobile robot dynamics. The fuzzy
controller is used to adjust the parameters of the sliding surface to improve the quality of
orbital tracking for the robot. This fuzzy controller is designed with two input state variables
position error, robot position error derivative, and output variable as parameters for the
adaptive sliding controller. Simulation results on Matlab/Simulink software. At the same
time, the content of the article mentions programming and experimental operation for mobile
robots using the ROS (Robot Operating System) operating system on Jetson Nano 4G
embedded computer. Theoretical and experimental simulation results with position deviation
x from 0.0038 to 0.0063 m, y-axis from 0.0029 to 0.0049 m, from 6 0.0021 to 0.0035 rad.
Experimental results with position error in the x-axis from 0.0062 to 0.0105 m, y-axis from

Tom tat:
0,0042 dén 0,0069 m va géc huéng 6 tir 0,0031 dén 0,0053 rad.
Tw khoa:
Abstract:
0.0042 to 0.0069 m, and 6 0.0031 to 0.0053 rad.
Keywords:

Fuzzy logic control, sliding mode, fuzzy - adaptive sliding mode, mobile robot, adaptive.

1. GIOI THIEU CHUNG

Ngay nay, robot di dong da dugc tich hop vao
cac hé thdng san xuat théng minh hién dai,
hau can, bénh vién, nha may théng minh, nha
kho... nhu hé théng van chuyén hau can
khong nguoi 1ai véi cac thiét bi nhan va giao

hang ty dong. Trong qua trinh di chuyén robot
di dong thuong gap hai van dé, tha nhit 1a
phai tim dudng di t6i vu dén dich [3], thu hai
la robot di chuyén bam dugc duong di da tim
d6. Trén thuc té hau hét cac nghién ctru déu
chua dé cap giai quyét dong thoi hai van dé
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nay [4] va hau hét cac nghién ciu dua ra cac
thuat toan diéu khién déu dua trén md hinh
dong hoc cua hé théng [1,5].

Hau hét cac phuwong phap diéu khién chinh
x4c déu phu thude vao mé hinh dong luc cua
robot... [6-8]. Do tinh chit phi tuyén cao cua
dong hoc va dong luc hoc cua robot di dong,
cac phuong phap diéu khién phi tuyén da
duoc hau hét cac nha nghién ctu chap nhan
[9-11]. Piéu khién truot thich tng la mot
phuong phap diéu khién phi tuyén ndi tiéng
[14]. Bo diéu khién truot c6 mot vu diém 16n
la kha nang chéng nhiéu cao va thoi gian xac
lap ngdn. Nhung khi sir dung bo diéu khién
truot, viéc xac dinh cac thdng sé phu hop cho
bo diéu khién 1a kha kho khan. Chinh vi 1& d6
nén trong bai bao d& xuat chinh dinh tham s
cho bo diéu khién trugt trén co so logic mo
duoc dat ra.

Trong nghién ctu nay, mot bo diéu khién ché
do trugt mo thich nghi dya trén phuong trinh
dong luc hoc robot dugc dé xuit. Bo diéu
khién két hop voi thuat toan tim duong ti uu
A* cho mobile robot trong mdi truong tinh.
Hi¢u qua cua thuat toan tim duong cling nhu
bo diéu khién dé xut trong bai bao nay da
dugc kiém tra bang md phong trén Matlab va
thuc nghiém tai Cau lac bo Khoa bBién Truong
Pai hoc Kinh té - K§ thuat Cong nghiép.

Bai bao nay dugc to chuc thanh sau phan
chinh. Phan 1 va 2 gigi thiéu nghién ciru muc

tiéu va cac mod hinh dong hoc va dong luc hoc.

Phan 3 trinh bay vé bo diéu khién dugc dé
xuit. Phan 4 1a két qua mé phong bo diéu
khién dé xuat. Phan 5 trinh bay hoat dong thu
nghiém cua robot di déng khi sir dung bo diéu
khién dugc dé xuat két hop véi thuat toan A*
trong tim duong tranh trudéng ngai vat. Phan
cudi cung 1a két luan.

2. MO HINH DONG HOC VA BONG LUC
HOC CUA ROBOT TU HANH

2.1. M6 hinh déng hoc
Xét mét robot tu hanh nhu hinh 1 sau:

A

Y y m

0] X X
Hinh 1. Méi quan hé déng hoc cua robot tw hanh

Trong d6: R, la ban kinh hoat dong banh xe;
A 13 trung diém tryc béanh xe chu dong; C la
toa d6 trong tdm cua xe; a la khoang céach gitra
toa d6 trong tdm va truc banh xe chu dong; va
2L 1a khoang céch gitra hai banh xe; m 1a khéi
leong cua robot. Vi tri cua robot dugc xac
dinh béi q=[x,y,0]" (x, ylatoa do diém C).

Trang théi cua robot trong hé truc toa do gbc
dugc biéu dién boi vecto véi 5 bién trang théi
sau:

e=[q” o] =[xy & o a] @

Theo nhu tai liéu tham khao [1] ta c6 phuong
trinh dong hoc cua robot s& dwoc viét nhu
phuong trinh (2) sau:

R, w cos(6)

X o cosf -asinéd
g=|y|= Rawsin(é)) =|sind acosé {U}H(q)&(t)
0 R, 2. . 0 T
i(wr_(pl)

2
Trong d6 v la van téc dai, la van téc goc

ctia mobile robot, H la ma tran Jacobian bién
doi van toc J(t) cua mobile robot trong toa

d6 co so (x Cy, ) thanh van téc ¢ trong hé
toa d6 quy chiéu quéan tinh (XQOY)
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2.2. M6 hinh déng Iwc hoc

Theo tai liéu [1,2], phuong trinh dong luc hoc
ctia mobile robot c6 thé duoc mo ta la:

M (@) +C(q,6)q+7, =-A"(a)2+B(a)7 (3)
Trong d6: M(Q) la ma tran quan tinh xac
dinh duong; C(g,q) la ma tran hudng tam
va Coriolis; 7, la thanh phan nhiéu khong
xac dinh cua hé théng; B(q)la ma tran dau
vaolg A la phén tar Lagrange; 7 mdmen diéu
khién chuyén dong cho mobile robot; A(Q)
la ma tran rang budc; gva § lan luot biéu
thi cac vecto van tdc va gia toc tong quat.

Vi

m 0 —masin @
M(q) = 0 m macosé
—-masind macosé | +ma’
T, 0 0 -madcos@
r= r |’ C@.d)=|0 0 -madsing |-
r 0 0 0

Trong d6: m la khéi lugng cua robot; 1, 1a
quan tinh theo trong tdm C cua robot; z,va
7, lan luot 12 momen béanh trai va momen
banh phai.

Nhén tt Lagrange A trong (3) chung ta
khong thé xac dinh duoc, do d6 ta st dung
khéi niém khong gia rong dé loai bo phan tir
nay [4].

AT (@)S(a) =0 (4)
Nhan ca 2 vé cua phuong trinh (3) Vi
S(Qg) ta dugc phuong trinh (5).

M (0)$+C(a,d)3+3.(q) = B(a)r (5)
Trong d6: M(q)=S"(q)M(a)S(q),

la thanh phan nhidu bét dinh phi tuyén.
3. THIET KE BQ PIEU KHIEN THICH NGHI
MO - TRUQT CHO ROBOT
3.1. Thuat toan diéu khién trwot dong
3.1.1. Xay dung thuét todn diéu khién quy
dao mat trwot dong cho WMR
Theo nhu tai lidu [3] cAc bién trang thai duoc
dé xuét nhu sau:

.
{xl =q=[x y 6]

6
X, =9(t)=[v a)]T ©

Két hop phuong trinh dong hoc (2) va phuong
trinh (6) ta s co:

% =H(Q)x, ()
Tur cac phuong trinh (5), (6) va (7) ta dugc mo
hinh trang thai:

{Xl =H()x,
M(q)%, +C(q,d)x, +5,.(a) = B(q)r

Trudce tién, dat e =x, -x,, la vecto sai 1éch

(8)

quy dao, & d6 X, =0y =[X; Y4 O, ]T la
quy dao dat, dat e, =X, - X,,
S8y =X, - Koy = )
M (@) "(=C(g,d)X, =&, (a) + B(4)7) — X,
Ta chon:

1
Vl = Ee;el (10)

Pao ham ham Lyapunov V, :

V=g =" (H(@)X,- Xy ) =6 (H(@)(E, +X,)- %)
=e H(a)e, +& H ()X, —& % =& H(q)e, -ecie;

e . _ (11)
C(a,4) =S (a)[ M (q)S(a) +C(a,6)S(a) |,

_ . . T Theo cach dat c; ta co:

B@)=S"(@B(@) va 5.@=[5, 5]  y _Hig)ce -1,
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. ¢k 0 03y A S
Vi ¢=[0 ¢, 0 la gia tri ma tran hang
0 0 g

s6 duong chéo phu hop chira cac phan tir 1a
cac gia tri duong.

Chon mat truot:

s=1e,+H(Q)e, =(1+cC)e +¢€,
Trong d6: A =diag(4,4,,4,)
Khi d6 mémen diéu khién

T = Teqg T 0o (12)

Teq 12 thanh phan tin hidu diéu khién gitt trén
mat truot;

Ty 12 thanh phan l4i trang thai vé mat truot.

Khi ham Lyapuno szésTs thi <

s Phai
théaman V,=s"s<0.

Tir cac diéu kién nay ta co:

Tdk = 2-eq + Tsw

=-B"(a)(B(®)B" (@)
M (o) (H (@) (28, + H (@)e ) - %, ) J
-(C(q,9)%, —5.(a)) — M (q)H *(a) (c,sign(s) +c,s)
(13)

Dinh ly 1: WMR duoc md ta bang mé hinh
(5) dwgc diéu khién bang (13) voi 7., va

7,,, duoc xac dinh béi (12) dam bao hé kin 6n
dinh va sai léch bam tién vé 0.
Chung minh:
V,=5'$S (14)
St dung (13), V, tro thanh
[+ @e, +H (@)

(W@ (-Cax, - 60, santx,) + Bla)e) - )

(15)

vV, =

Véi tin hiéu diéu khién (13) va (9) thi
X,q =, dao ham cia V, c6 thé dugc viét
lai thanh:

V, =—S"c, sgn(S) — STCSS (16)

Bang viéc lya chon C,,C, phi hop, ta co

V =-S"c,sgn(S)-S'¢,S <0 @an

Phuong trinh (17) thoa man mén tiéu chuan
6n dinh Lyapunov theo dinh Iy 3.

B6 diéu khién DSC thudng duoc &p dung cho
nhitng hé théng voi viéc xac dinh gan nhu
chinh x4c ciing nhu nhiéu ngoai la nho, mat
khac chat luong cua bo diéu khién lai phu
thuoc vao viéc xac dinh théng sé bo diéu
khién dé dan bao kéo hé théng vé mat truot.

3.1.2. M6 phong thuéat toan mat trwot trén
matlab/Simulink

XY Graph1

DSC Controller

Hinh 2. C4u tric md phoéng hé théng diéu khién
strdung bo diéu khién DSC

= Truong hop khong ¢ nhiéu tac dong (khdi
luong udce lugng cua robot 1a m=13 Kkg).
Thong sé m = 13 kg; J = 0,56 kgm?;
a=0,2m; R, =0,08m; 2L=0,6m.

Chon quy dao hinh tron véi phuong trinh
chuyén dong nhu sau:

T . T T T
Xx=5c0s(—1t); y=5sin(—t); 6=—t+—.
(15 )y (15) 15 2

Bo tham s6 diéu khién DSC:

A =diag(10,10,10); C =diag(11,11,11);
C, =C, =diag(15,15,15)
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Set trajectory
- Real trajectory

y(m)
h A b N A 0 = N W A o

S 4 3 21 01 2 3
x(m)
Hinh 3. Quy dao bam véi bé DSC
khi khdng c6 nhiéu tac déng

4 5

1
.’6‘ 0.5
€ o
~ 3
%s 0.5 s ""0'
~ a6
g 4 38
N B i R e 29
b4 1.5 2 4
-~ 2 o104 1
- X,
’é\ 25 0 1 2 3 a4 [ \:
=< 3 -9
b 3.1 ¢
-3.5
0 1 2 3 4 5
Time (s)

Hinh 4. Sai léch bam v6i b DSC
khi khdng c6 nhiéu tac déng

Ta thiy rang luc ban dau quy dao léch khoi
quy dao mong mudn nhung bo diéu khién
DSC di dua robot vé quy dao mong mudn
trong khoang thoi gian twong ddi nhanh (0,3
S) va gitr sai Iéch & gia tri nho
Xo =0;035(m); y, =0,052(m);
0 = 0,026 (rad)

= Truong hop c6 nhiéu tac dong (ting khoi
lugng m=30 Kkg).

Van str dung thong sé bo diéu khién va thong
$s0s Ctia md hinh nhu trén phan 3.1.1 nhung
ta thay doi trong luong 1én robot tir 13 kg
thém thanh 30 kg, két qua dap ung quy dao
nhu hinh 5:

(50 5anh x{1), 50 sanh y11)) M (S0 sanh xiz), 5o sanh y(e))

5
4
Set trajectory
3 Real trajectory
2
1
G
= [V]
-1
2
3
-4
-5

\
L]
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]
o
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—_
¥
w
IS
th

Hinh 5. Quy dao bam khi st¢ dung DSC
khi c6 nhiéu tac déng

A

ne

SN & ®
g

x,(m), v, (m), 6, (rad)

Hinh 6. Sai léch bé~m khi str dung DSC

khi c6 nhiéu tac déng
Nhan xét két qua: Vi bo diéu khién DSC dé
Xuit ciing da on dinh khi c6 sai léch mé hinh
nhu két qua trong hinh 5 va hinh 6, tuy nhién
dé lya chon duoc thdng s bo diéu khién DSC
la mot thach thuc 16n dbi véi phuong phép
diéu khién nay. Do d6 nhom tac gia dé xuat
mot bo diéu khién thich nghi mo trugt nhu
phan 3.2.

3.2. Thuat toan diéu khién trwot dong trén
co sé& logic m& (AFDSC)
3.2.1. Xay dung thuét todn diéu khién

Str dung logic mo dé chinh dinh théng sé cho
bo diéu khién DSC nhu so dd cau trdc hinh 7:
Logic md ¢6 dau vao la sai léch quy dao va
dao ham sai léch quy dao cua robot véi cac
bién ngdn ngit:

e:NB (&m Ion), Ns (d&m nho), Z (khoéng),

TAP CHi KHOA HOC & CONG NGHE . SO 46 - 2024

47



KHOA HOC - CONG NGHE

PS (duong nho), PB (duong 16n).

Pau ra caa bo logic mo 1a cac tham sé ¢y, ¢,
cs cia bo diéu khién AFDSC.

signal 7

.
A
S

ignal 7, Teg

e Dynamic S
Surface
X

Virtual |
signal

Hinh 7. C4u trc hé théng diéu khién AFDSC
cho WMR
Va dau vao ra cia bo mo duoc thuc hién theo
co s& suy dién nhu bang 1:

Bang 1. Hé luat suy dién co sé& cho ci(c2,Ca)

€
“le s [z Ps | PB
NB|[M(B) |S(B) |VS(VB) |S(B) |M(M)
NS [B(S) |M(M)|s(B) |m(Mm) |BO)
Z |Vvs(vB) | B(S) |M(M) |B(S) [VS(VB)
PS | B(S) |[M(M)|S(B) |M(M)|B(S)
PB [M(M) | S(B) |VS(VB) | S(B) |M(M)

Trong d6 cac gia tri dau ra duoc chon logic

nhu bang 2:
Bang 2. Gia tri dau ra cy, €2,C3
Biénra | Ynghia | Paura C, | C,va C,
VS Qué nho 13 13
s nho 3.75 18
M B 5.5 25
B Ion 9 30
VB qua lon 13 37

Ngoai ra bo mo con sir dung ham lién thudc
trimf va quy tac tong hop sumPROD.

3.2.2. M6 phéng kiém ching bé diéu khién
AFDSC

Pé kiém ching tinh hiéu qua caa bo diéu
khién dé& xuat AFDSC ta di mo phong hé
théng voi théng sé md hinh va quy dao nhu
phan 3.2.1, nhung & ddy ta cho thém thanh
phan nhiéu ngoai nhu hinh 8.

400
300 ©
200 -,

100 |

Disturbance (Nm)
<

|
(=3
<

)
S
3

-300

0 5 10 15
T(s)

Hinh 8. Nhiéu ngoai
bap tng quy dao va dap tng sai Iéch quy dao
duoc thé hién trén hinh 11 va 12;

(50 5300 XU1), SO 5300 (1} (50 530N X(2), 5O SN ¥(2)

5
4
N Set trajectory
2
1
o
-1
-2
-3
-4
-5
5 4 3 2 1 (o] 1 2 3 4 5
X (m)

Hinh 9. Quy dao véi bé DSC va AFDSC trwéong co
nhiéu ngoai

Error _DSC
Error_AFDSC [

o
-l-T_ﬁ.

Y Erro(m)
N

A

X Error (m)
- 0 = N W

————— Error _DSC
Error AFDSC | |

|
10 20 30 40 50
Time(s)

ThetaError (rad
Ww N = O

o

Hinh 10. Sai léch v&i bé DSC va AFDSC trwéng co
nhiéu ngoai
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Nhan xét: Ta thdy rang véi ca hai bo diéu
khién DSC va AFDSC déu bam quy dao (hinh
11) nhung bo diéu khién AFDSC cho chit
lwong bam tét hon va didu dic biét 1a ta khong
phai tinh théng sé bo diéu khién. Cu thé, véi
cuing mot diéu kién khai tao, robot dugc dy
chuyén véi bo AFDSC tiép can quy dao tham
chiéu sau khoang 0,2 giay, trong khi d6 véi bo
DSC mat gan 0.5 giay.

4. THPC NGHIEM PIEU KHIEN ROBOT DI
PONG SU’ DUNG BO DPIEU KHIEN AFDSC
KET HOP VOI THUAT TOAN A*.

= Ciu tric phan cing hé théng mobile
robot
Ta thyc nghiém robot trén ROS (Robot

Operating System) véi mé hinh mobile robot
¢6 cau hinh nhur hinh 11.

\

ROS
(Robot operating

system)

Mortor 1

Astra_Camera Mortor 2

PRindar ]
=2 J

Hinh 11. So’ d6 c4u tric phan cleng diéu khién robot

Mobile robot duoc ché tao véi thdng sé ky
thuat c6 than thép kich thudc 70x50%38 cm.
Robot dugc trang bi bd xa may tinh nhing
Jetson Nano 4G. Céc tin higu lay dé diéu
khién tir c4c cam bién Lindar 360° A2, camera
va IMU ((Inertial Measurement Unit)). Phan
mém ROS cung cap c4c chirc ning thu vién
dé xtr Iy diéu huong, 1ap ké hoach duong di,
tranh chudng ngai vat va nhiéu tac vu robot
khéc.

Khi dich d&n duoc chi dinh, WMR st dung
thuat toan tim duong A* dé lap ké hoach
duong di cua n6 nham tranh chudéng ngai vat
va dén duoc muc tiéu. May tinh s& duoc su
dung dé giam sat va phan hdi thuat toan theo

doi va duong di thyc cua robot, s¢ ghi lai va
lay s liéu bam giita quy dao hoach dinh va
quy dao thyc.

% Tién hanh thuc nghiém

Lap ké hoach di chuyén toan cuc la giao dién
duoc sir dung dé thyc thi thuat toan Ax[15].
Thuat toan A* sé duoc thuc thi bai 2 node la
ban dd (Map) va vi tri robot (Robot Pose),
XUt ra dit liéu vé& ban db va vi tri robot.

- Két qua chay thuyc nghiém truong hop
hinh 16: V&i m=13 kg (chi c0 tai trong cua
robot).

Planned trajectory
Real motion trajectory:

Hinh 12. Hinh anh thwc nghiém chuyén déng mobile
robot khi khéng tré tai (m=10 kg)

- Két qua chay thyc nghiém truong hop B

hinh 17: V6i m=30 kg (tang tai trong cua

robot).

Planned trajectory
Real rr_\otion trajectory:

Hinh 13. Hinh anh thwe nghiém chuyén déng mobile
robot khi c6 thém tai (m=30 kg)
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Chay thyuc nghiém lap di 1ap lai 3 lan di voi 2
truong hop nhu trén, ta thdng ké dugc sai léch

gira quy dao thuc so véi quy dao hoach dinh
nhu bang 3.

Bang 3. Két qua sai léch qu§ dao khi chay thwec nghiém

Lan A Thoi gian B Thoi gian
chay tranh vat tranh vat
X, (m) Ye (m) He (rad) can (S) Xe (m) Ye (m) ee (rad) can (5)
1 0.0062 0.0045 0.0037 0.8102 0.0102 0.0075 0.0053 1.0032
2 0.0065 0.0051 0.0031 0.7834 0.0095 0.0081 0.0049 1.2143
3 0.0071 0.0042 0.0040 0.8621 0.0105 0.0069 0.0051 1.7302

Két qua thuc nghiém 3 lan cho thiy sai léch
trong ca 2 truong hop 1a nho (Bang 7).

Théng qua md phong va thuc nghiém ta thay
duogc hiéu qua cua thuat toan diéu khién duogc
dé xuat. Robot thiét 1ap duoc quy dao tdi uu
tranh chuéng ngai vat va chuyén dong theo
nhu quy dao dit ra véi cac thdng sb sai léch
bam quy dao trong pham vi cho phép.

5. KET LUAN

Bai bao di trinh bay thiét ké bo diéu khién
Mo - Truot thich nghi diéu khién cho mobile

robot bdm theo quy dao dugc xac dinh dua
trén thut toan tim duong A*. Hé thong diéu
huéng cho robot di dong dua trén hé diéu
hanh robot ROS, bao gdm ca phan cung va
phan mém. Hé thong thir nghiém duoc tich
hop 1&8n mobile robot kiéu visai va thir nghiém
hoat dong ¢ méi truong lam viéc trong nha.
Két qua thir nghiém cho thdy hé théng hoat
dong on dinh. Bén canh do, giai phéap thiét ké
hé théng trén ROS cho phép ngudi dung co
thé linh hoat trong viéc diéu chinh, cau trdc lai
theo tirng wng dung cu thé.
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