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TOM TAT

Trong bai bao nay, diéu khién dua vao tinh thu dong duagc két hop diéu khién cuén chiéu cho robot
xe dap dugc dé nghi. Robot xe dap la hé cé tinh chat phi tuyén, va hé cé hai ngd vao va hai ngo
ra. Robot xe dap c6 céc tin hiéu diéu khién 1a momen diéu khién banh lai va déng nang. Hai tin
hiéu ra la géc banh 13i va géc nghiéng cla xe. Robot xe dap la hé thu dong. Chung ta nghién ctu
bai toan diéu khién dé lam goéc banh 1&i va goc nghiéng clia xe bam gid tri 0, va van téc goc banh
4i va van t8c goc nghiéng bam gia tri 0 dé xe dap én dinh can bang thang ding. Ching ta tuyén
tinh hda va phan tach hé robot xe dap thanh hai hé mot ngd vao mot ngd ra. Diéu khién dua vao
tinh thu déng dugc ép dung cho méi hé mét ngd vao mot ngd ra nay. Tiép theo, diéu khién dua
vao tinh thu dong duagc két hop diéu khién cudn chiéu dugc ap dung vao méi hé moét ngd vao
maét ngo ra nay. K&t qua méd phong dugc thuc hién bang Simulink trong MATLAB va c6 két qua kha
t6t. GO banh i ctia diéu khién dua vao tinh thu déng két hop diéu khién cuén chiéu tién vé 0 vai
thai gian quéa d6 2.8 s va goc nghiéng tién vé 0 véi thai gian quéa dé 2.3 s. Phan tich 8n dinh chiing
to diém can bang & goc toa d clia hé la &n dinh tiém can trong hai trudng hop: diéu khién dya
vao tinh thu dong va diéu khién cudn chiéu. Cé so sénh két qua diéu khién dua vao tinh thu dong
két hap diéu khién cudn chiéu vdi diéu khién dua vao tinh thu dong dung phuong phép thu déng
hoa hé théng, diéu khién dua vao tinh thu déng két hop diéu khién truct, va diéu khién dua vao
tinh thu déng dung mang noron.

Turkhoa: Robot xe dap, diéu khién dua vao tinh thu déng, diéu khién cuén chiéu, diéu khién truat.
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INTRODUCTION

biéu khién dya vao tinh thy dong va diéu khién cudén
chiéu da dugc nghién ctiu nhiéu béi cac nha nghién
ctiu. Robot xe dap la hé phi tuyén, da bién (MIMO)
va viéc diéu khién c6 khé khin. Céc tac gid Tanaka
Y, Murakami T [1] diing géc banh 14i d€ gitt cAn bing
xe. Robot xe dap c6 géc banh 14i 14 tin hiéu diéu khién
va gbéc nghiéng ctia xe 1a tin hiéu ra. Tac gid Astrom
[2] 42 m6 hinh héa xe dap va tuyén tinh hoa hé quanh
diém can bang va dp dung diéu khién hai tiép. Cic tac
gid Guo L et al. [3] mo6 hinh hoéa xe dap 13 hé phi tuyén,
MIMO, ap dung tuyén tinh héa vao-ra cho robot xe
dap, va dung diéu khién hai tiép trang thai dung phin
bé cuc.

Tac gia Duong Hoai Nghia [4] trinh bay diéu khién
trugt va diéu khién dya vao tinh thu dong cho hé phi
tuyén. Téc gia Khalil [5] trinh bay 6n dinh hé phi
tuyén dung ly thuyét Lyapunov, tinh thu dong va diéu
khién dya vao tinh thy dong véi 4p dung cho robot hai
béc ty do. Céc tac gia Duong Hoai Nghia va Huynh
Minh Ngoc [6] da trinh bay diéu khién tuyén tinh héa
vao-ra cho hé robot xe dap.

Cac tac gia Huynh Minh Ngoc, Duong Hoai Nghia va
Nguyén Vinh Héo [7] trinh bay nghién ctiu so sinh

diéu khién phi tuyén va diéu khién dya vao tinh thu
dong dung mang noron cho robot xe dap. Céc tac gia
Huynh Minh Ngoc, Duong Hoai Nghia va Nguyén
Vinh Héo [8] trinh bay diéu khién dya vao tinh thu
dong két hop di€u khién trugt cho b bién d6i cong
sudt boost DC-DC. Céc tac gia Huynh Minh Ngoc,
Duong Hoai Nghia va Nguyén Vinh Héo [9] trinh bay
diéu khién ti 1é tich phan (PI -proportional integral)
dua vao tinh thy dong cho robot xe dap.

Céc tdc gia Wu va Lu [10] trinh bay diéu khién trugt
cudn chiéu thich nghi cho b¢ bién d6i cong suét boost
DC-DC véi tai cong sudt khong d6i. Cac tdc gia Liva
Fang [11] trinh bay diéu khién cudn chiéu thu dong
cho b¢ bién déi cdu tich cyc kép. Cac tac gid Nizami
va Chakravarty [12] trinh bay diéu khién cuén chiéu
thich nghi tich hgp mang noron cho b bién déi boost
DC-DC. Tac gia Moreschini A. et al. [13] trinh bay ly
thuyét thy dong tdng quat trén mién thoi gian tritu
tugng. Cdc tac gia Liu S., Zhang H., va Pang H. [14]
trinh bay diéu khién bam m& dua vao tinh bén thu
dong cho cac hé phi tuyén chuyén mach. Céc tic gia
Huynh Minh Ngoc, Duong Hoai Nghia va Nguyén
Vinh Hao [15] trinh bay diéu khién noron dya vao
tinh thu dong dung gidi thuat di truyén cho b¢ bién

Trich dan bai bao nay: Ngoc H M, D H N, N V H. Diéu khién dua vao tinh thu dong dugc két hop diéu
khién cuén chiéu cho robot xe dap. VNUHCM J. Eng. Technol. 2026; 9(3): 3011-3019.

3011


https://crossmark.crossref.org/dialog/?doi=https://doi.org/10.32508/vnuhcmj-et.v9i3.1487&domain=pdf&date_stamp=26-07-22

VNUHCM Journal of Engineering and Technology 2026, 9(3): 3011-3019

dbi boost DC-DC. Trong $6 cua mang noron dugc
tbi wu hoa ding giai thuat di truyén véi ma hoa thap
phan. Téac gia Joglekar [16] trinh bay didu khién
bam quy dao cia xe ty dong dya vao viéc chon mo
hinh va cdp nhat nhan dang hé¢ théng. Cac tac gia
Huynh Minh Ngoc, Duong Hoai Nghia va Nguyén
Vinh Héo [17] trinh bay diéu khién dya vao tinh
thu dong ding giai thuat di truyén cho bo bién ddi
boost DC-DC. Cac tac gia Duong Hoai Nghia,
Huynh Minh Ngoc, va Nguyén Vinh Hao [18] trinh
bay diéu khién dwa vao tinh thu dong bén viing
dung giai thuat di truyén cho bd bién ddi boost DC-
DC khi c6 sai s6 md hinh khong biét trudc.

Bai bao nay dé nghi diéu khién dya trén tinh thy
dong dugc két hop didu khién cubn chiéu cho robot
xe dap. Ké qua moé phong dung
MATLAB/Simulink.

Bai béo duge bd cuc nhu sau. Gidi thiéu duge
trinh bay trong phan 1. Phwong phap nghién ciru
bao gdm mé hinh robot xe dap va tinh chét thy dong
ciia robot xe dap duoc trinh bay trong phéan 2. Didu
khién dya vao tinh thy dong két hop didu khién
cubn chiéu dugc trinh bay trong phin 3. Két qua
mo phong va thao luan dugc trinh bay trong phin
4. Phan 5 két luan bai bao.

PIEU CO BAN VA PHUONG PHAP
NGHIEN cUU

M6 hinh robot xe dap

Céc thong s cua robot xe dap duge trinh bay &
hinh 1 va bang 1 [3]. Robot dugc truyén dong boi
2 dong co. Pong co 1 duge bb tri & truc banh sau
gitp robot di chuyén v&i vén tée V. Pong co 2 duge
b tri trén truc cia phudc dé didu khién goc banh
lai a.

B/ heos(f)

Cc
Hinh 1. C4c théng s6 cua robot xe dap (A
nhin ngang, B: nhin tir truge, C: nhin tir trén)
[Nguon: Nhém tac gia]

Bo6 qua chuyén ddng trugt clia cic banh xe, mé hinh trang thi cta robot xe dap [3] la:

X; =X,

2

X5 =X,

~0.5d,¢, sin(2x,)x; +d,c; cos(x,)u, +d,d, tan(x,) cos(x,)u,

¢, Sin(X,)x§ +c,u, +d,d,c, tan(x,) cos® (x,)u,
1-d,c, cos*(x,)

@

) 1—d,c, cos?(x,)
Yi=%
Yo = X3
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Bang 1. Céc théng s6 cua robot xe dap

Tén Y nghia vat Iy Gia tri
COG | Trong tam cua xe (center of
gravity)
m1 Khéi lwong coa mdi banh xe | 2.5 kg
m2 Khéi lugng ctia mdi banh xe | 18 kg
r Ban kinh cia mdi banh xe | 0.33
m
A Khoang cach gitra truc cua | 0.04
phudc va truc ciia banh truéc | m
h Chiéu cao cua trong tim | 0,92
(COG) khi xe ding thing (B | M
=0)
L1 Khoang cach gitta hinh | 0.7 m
chiéu 1én mit phing ngang
cua truc banh trudc va trong
tam xe
L2 Khoang cach gitra truc banh | 1.1 m
trude va truc banh sau
p (L2 - L1)/L2 0.36
o Goéc cua banh trude so véi
phuong chuyén déng
B Goc nghiéng cua xe so voi
phuong thing dimg
\ Van toc chuyén dong thang
cua xe

Trongdé: X, =, X, =, X3 = B, X, =
1a cac bién trang thai.
T

x=[x X, X %] . X (rad)lagéc
banh lai. X, (rad/s) la van tbc goc banh l4i. X,
(rad) la goc nghiéng cua xe so v6i phuong thing
dung. X, (rad/s) la van tbc goc nghiéng cia xe.
Céc tin hiéu ra y gdm c6 goc banh 13i yi= & (rad)
yo= [ (rad).
y=[y, VY, Tin hicu didu khién 1a U,

va goc nghiéng cua xe
(Nm), momen ctia dong co quay banh 14i, va U,
(J), dong nang cua chuyén dong tinh tién cia xe.
T
U= [ul Uz]
2
_(2my +m, )V
, =
2

va cac hé sb 1a

@

3 —(m.r +m,hpQ
tomr?/2+mA% +m,p2at
(m,r +m,hpQ
2

- m,r?/2+maA* +m,p2i?

1
“ = m,r?/2+mi%+m,p2i?

_ —(mlr+m2hp)/1

Y 3m,r? +2myh?
~2(2mr + m,h)

27 (2m +m,)L,

1
3

~3m,r? +2m,h?
®d)
Tinh chat thu déng cta robot xe dap

Tuyén tinh hoa vao-ra:
Ta viét lai (1) & dang ma tran nhu sau [6]:

y=~1(x)+G(xu @

~ c,X; sin(x,)
1-d,c, cos’(x,) | 0.5d, sin(2x,)

f(x)

®)
1
G(x) = ;
1-d,c, cos®(x;)
y C, d,d,c, tan(x,) cos’(x,)
d,c;cos(x;)  d,d,tan(x,)cos(x,)
(6)

Véi didukien 1—d,C, cos*(X;) #0 ()

Luat didu khién tuyén tinh hoa vao ra [6] dugc xac
dinh nhu sau:

y=v ®)
Ta ¢6 tin hiéu diéu khién u [6] nhu sau:
u=G(x)*[v-f(x)] )
1 —C, COS(X,)
Cs Cs
ni 1

d,d,tan(x,) d,d,cos(x;)tan(x,)
x[v—1(x)]

(10)

Voi diéu kén tan(x,) # 0. Phuong trinh (8)

tuong duong hai hé théng riéng 1é:
Y=V,

Y, =V,
Tinh chét thu dong:
Ham tich trir duoc chon

1)
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1 1

V,==Xx2+=x; (12)
2 2

Ham V; xéc dinh duong.

V, = X, %, + X, X, (13)

Theo phuong phap thuy dong hoa [7], hé (8)

Y =V la thy dong v&i ngd vao v vangdra Y vi

YIV= YV, + Y,V = XX, + X, X, =V,. 19

va h¢ (8) 1a quan sat dugc trang thai 0 [7].
Luét didu khién thu dong cho timg hé SISO nhu sau
[7]:

Vipge = —¢1 (Y1) (15)
wi 2.0 =0,y ¢, (y,) >0vy, £0

Chon @, (Y;) =&Y, +8,¥; +a5y;  (16)
Vapse = 92 (Y2) an

voi P2 (0) =0;y,@,(y,) >0vy, #0

Chon P2 (¥2) =2,¥, +asy; +a.Y; (18)

Phan tich 6n dinh: Pao ham

V, <y vV, <y o(y) =V, <0 19

baéi vi (15) va (17). \/3 14 ban xac dinh am.
Ung dung thyc té: robot xe dap co thé dugc tng

dung trong viéc giao hang.

PIEU KHIEN DUA VAO TiNH THU
DPONG KET HOP DIEU KHIEN CUON

CHIEU CHO ROBOT XE DAP
Diédu khién cubn chiéu duoc 4p dung vao hé (8):
y=v.
Heé (8) dugc viét lai
2,=1,
20
2, =V (20)
Trong d6
y X
7, = { 1_| ™
Y2 X3
y X
z, :{ .1 I
y2 X4
Ta can xac dinh v d én dinh diém [0].
Ta dat w=v. Hé thdng (20) co dang
Xp = F(X0) + (X)X
. (21)
Xg =U
Trong d6

Xa =2;% =2,; F(X,) =0,9(x,) =Lu=w

Hé théng con

,=1, (22)
Co dang

):(A = f(Xa) +9(Xa)Xg 23)
Xp = f (XA) + g(XA)¢(XA)

Trong do

Xa =215 Xg = Z5; F(Xa) =0;9(x,) =1
Xg = #(Xn) (24)

Néu ta chon X = @(X,) =—2, thi (22) tr&
thanh

2, =-1, (25)
Chung ta chon ham Lyapunov V A

V=12 (26)
V, 1a xac dinh duong.

Chiing ta tinh dao ham cua V/

V, =222, =272 <0 @7)

V, 1a ban x4c dinh am. Diém [0] ctia (22) 1a 6n

dinh.

Hé (20)

2, =1,

Z,=W

Co dang sau

Xa = F(Xa)+9(Xa)Xg
Xg =U

Trong do

Xa =2;%5 =25, F(X,) =0,9(x,) =Lu=w
Chung ta viét lai

Xp = [T (X)) +9(X2)h(xn)]

+ g(XA)[XB - ¢(XA)] (28)
Xg =U

Dinh nghta

Xe = Xg —P(X,) (29)
Vv, =u—¢(x,) (30)

Chiing ta viét lai
Xa =[F(Xa) + 9(X2)P(X )]+ 9(X,0)Xc

Xc =V, 31)

Néu @(X,) =—2,thi Xc =Z,+2, (32

Chung ta chon ham Lyapunov V2
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V, =V, +%x§ =V, +%(z2 +12,)°

(33)
V, la xéc dinh duong.
Chung ta tinh dao ham cua V2
V,=—2X%, + Ny
OX 4 OX¢
Y
= —A[F(x,) + 9 (6B + 9 (X ]
OX
+ XV,

:%[f(xA)+g(xA)¢<xA>]

(34)

oV
+ [aT: g(XA) + V4]Xc

v,

[f (X)) +g(X4)B(X,)] 12ban xéc
A
dinh am. Néu ta chon

s
OX

Chuing ta chon

oV

[KAQ(XA) +V4] =—Xc (35)

A

g(x,)+V,Ixc <0 thiV, <0.

Hay
v,

Vv, :_EQ(XA)_XC (36)

Vi vay,
N,

o [f(x,)+ g(x)d(x,)]-x2 @7)

V, =

Trong d6
oV,

=22;9(Xp)=Lx. =2,+1,
A

P(Xp) =—2, = d(X,) =2, =1,

V, 1a ban xac dinh am. Biém [0] 1a én dinh.

Luat diéu khién cudn chiéu la

v,

W= _67 g(XA) —Xc t ¢(XA) = _321 - 222

A (38)
Béivi W = V nén luat diéu khién cubn chibu 1a
Vgse = =32, — 21, (39)
Hay

Vigse = —3% — 2X, (40)

Vogse = —3X; — 2X, (41)

Luat diéu khién dua vao tinh thu dong dugc két hop
diéu khién cudn chibu la

Vegc-ssc = Veee 1 Vesc = _(D(Y) - 3Z1 - 222

(42)
Hay
Vipac_ssc = Vipac T Vasse =~ (Y1) —3%, — 2X,
(43)
Vopec_ssc = Vopec T Vasse =~ (V2) =3 —2X,
(44)

Ta diing (15), (17), (40), va (41).

So d6 didu khién dya vao tinh thu dong duoc két
hop diéu khién cubn chiéu dugc minh hoa & hinh 2.

i Didukhidn | + v | Tuyéntinh | u Robot v
Dicu Kien ~uyen o >
{dua vao thu dong| T hoa i
2 Yao tiu dongy oa
4 ‘
}x—

Hinh 2. So @b diéu khién dwa vao tinh thu dong
két hop didu khién cudén chiéu cho robot xe dap
[Ngudn: nhom téc gid].

KET QUA MO PHONG VA THAO
LUAN

Hé dugc mo ta bai phuong trinh (1).

Thay sb tir bang 1 ta dugc: ¢1 = -1.90, ¢2 = 1.90, c3
=6.95, d1 = -0.0088, d2 = 1.44, d3 = 0.032.

Diéu kién diu:

X, = 0.01; X,y =-0.01; X, = 0.0% x,, =-0.02
a1=2, a,=1.5, as=1.5, a4=2, as=1.5, as=1.5.

Két qua diéu khién dya vao tinh thu dong két

hop diéu khién cudn chiéu duge minh hoa & hinh 3.
Tin hiéu d4u ra gdm c6 y1 va y2 va tin hiéu didu
khién gdm c6 U1 va uz cia.
Hinh 3 cho thiy tin hiéu yi tién vé& gid tri
1.24838x10° voi thoi gian qua dd tu= 2.8s va y2
tién vé gi4 trj 0 vdi tw= 2.3 s. Tin hiéu u1 bing 0 véi
tx= 2s. Tin hiéu uz tién v& 10.8 v6i t=2 s.

Hinh 4 minh hoa vén tdc goc banh lai a va van
tbc goc nghiéng ﬂ . Hinh 4 cho thdy a tiénvé o

Vi tw=3s va ﬁ tién v& 0 v6i t=2.5 s.

Chung ta so sanh diéu khién dwa vao tinh thu dong
két hop diéu khién cudn chiéu (PBC-BSC) vdi didu
khién dya vao tinh thu déng dung phwong phép thu
dong hoa hé théng (PBC) cua [7].

3015



VNUHCM Journal of Engineering and Technology 2026, 9(3): 3011-3019

0.015 T T T T T T T T T o= _0{ 0
=Y yd_ﬁ 0

001
‘; 7 — . [N A r r re s A A
ooos b Trong d6 y«= [0;0]. Muc tiéu 1a goc banh 1ai tién vé

0 va goc nghiéng tién vé 0. Hinh 5a 1a sai 1éch cia

T . s i s e o s s g6c banh 14i cta két qua PBC (duong lién nét) va
time(sec) PBC-BSC (duong dut nét). Hinh 5b 1a sai 1éch goc

0015 —————— nghiéng cia xe ctia két qua PBC (duong lién nét)

va PBC-BSC (dudng dut nét).

001

0.005

—ec —c
= = poces = = paces
001 {

:

0 Fome
0 1 2 3 4 5 & 7 8 8 10 £
time(sec) Boar|
§
0.02 -_— Bom|

0.015

T2 3 4 5 8 71 8 8 W

S 001 P’ T i
) )
0.005 - R . . .
Hinh 5. a) Sai 1éch cua goc banh lai; b) Sai 1éch
% 1 2 3 4 5 s 7 8 8 cuia goc nghiéng ciia PBC (duong lién nét) va PBC-
time(sec) BSC (dudng dit nét) cho robot xe dap {Nguon:

nhom tac gia].

Két qua chimg to sai léch gbc banh l4i cia
PBC-BSC tién vé 1.24838x10°® (rad) vdi tu= 2.8s.
Sai léch goc banh lai cia PBC tién v& 0.005 (rad)
— voi ty= 2s. Két qua cho thdy sai léch goc nghiéng
4 5 8 7 8 9 1 ciia PBC-BSC tién vé 0 v6i tw=2.3s. Sai léch cua

time(sec) goc nghiéng ciia PBC tién vé 0 véi tw=2s. Két qua
so sanh duogc trinh bay trong bang 2.

100

uz2

a

50

=
o
e

Hinh 3. Tin hiéu du ra gdm c6 y1 Va y2 va tin
hiéu diéu khién gém c6 U1 Va Uz cua diéu khién
dua vao tinh thu dong két hop diéu khién cudn
chiéu [Ngudn: nhom tac gia].

<103

alpha-dot
2 &

time(sec)

Om

beta-dot

| \

-0.02

1 2 3 4 5 ] 7 8 9 10
time(sec)

Hinh 4. Tin hiéu goc &, [ cua diéu khién dua

=]

vao tinh thu dong két hop didu khién cudn chiéu
[Ngudn: nhom tac gia].

Két qua cho thiy ngd ra y1 cia PBC-BSC tién
v& gi4 tri bé hon (y1 la 1.24838x10°5) so véi PBC
(y1 12 0.005).

Chiing ta dinh nghia sai s6 bAm
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Biang 2. Két qua PBC-BSC, PBC ctia [7], va PBC-
SMC ctia [7] va PBC-NC ciia [7]

Bo G6c banh ldi @ va géc | Van téc
dié.lxl nghiéng ﬁ goc banh
khié lai o va
0 van  téc
goc
nghiéng
PBC | ¢ —>1.24838x10° | ¢ >0
; VoI t=2.8s va B —> 0 | VOi t=3s
BSC . X ﬂ va
voi ti=2.3S .
L —0
voi
txi=2.5s
PBC o —0.005 véi tu=2s

a—>0

C;la va S — 0 voi ta=2s Vol

[71 tx=2.4s
va
L—0
vOi
tx=2.4s

PBC | ¢z —0.011585 véi | & -0

-SMC txi=1.5s va | véi

o £ — 0.005 véi | t=1.58

7 txi=1.5s Va_l
L —0
voi
txi=1.5s

PBC | o —0.005 véi | @ —0

-NC "

ot | =L8S va B —>0 vei | VoI

7 tx=1.8s txl=2.3s
va
p—0
voi
txi=2.3s

Hinh 6a 13 sai 1éch ctia goc banh 1ai cua két qua diéu
khién dya vao tinh thu déng dung mang noron
(PBC-NC) (duong lién nét) cia [7] va PBC-BSC
(duong dut nét). Hinh 6b 1a sai 1éch goc nghiéng
clia xe ctia két qua PBC-NC (dudng lién nét) cua
[7] va PBC-BSC (dudng dut nét).

3 1

Hinh 6. a) Sai 1éch cua goc banh 14i; b) Sai 1é&ch
ctia goc nghiéng ciia PBC-NC (duong lién nét) va
PBC-BSC (duong dat nét) cho robot xe dap
[Nguon: nhom tac gia].

Két qua chung to sai léch goc banh lai ciia PBC-
BSC tién v& 1.24838x10°® (rad) v&i tu= 2.8s. Sai
léch goc banh 1ai cia PBC-NC tién vé 0.005 (rad)
voi t= 1.8s. Két qua cho thay sai 1éch goc nghiéng
ciia PBC-BSC tién vé 0 véi t=2.3s. Sai léch ciia
goc nghiéng ciia PBC-NC tién v& 0 v6i tu=1.8s. Két
qua so sanh dugc trinh bay trong bang 2.

Két qua PBC-BSC duogc so sdnh voi diéu khién dua
vao tinh thu déng két hop diéu khién truot (PBC-
SMC) ciia [7] cho robot xe dap. Chung ta thiy ring
g6c banh lai coa két qua PBC-BSC tién vé
1.24838x10° (rad) véi tx= 2.8s. Goc nghiéng cua
PBC-BSC tién v& 0 véi ta=2.3s. Tuy nhién, géc
banh 14i ciia két qua PBC-SMC tién v& 0.011585
(rad) v6i ta= 1.5s. Goc nghiéng cia PBC-SMC tién
v& 0.005 v6i tx=1.5s. Két qua so sanh duoc trinh
bay trong bang 2.

KET LUAN

Trong bai bao ndy, diéu khién dwa vao tinh thy
dong két hop didu khién cudn chiéu cho robot xe
dap dugc dé nghi. Phuong phép diéu khién cudn
chidu duoc thuc hién theo cach sau: i) dwa vao
tuyén tinh hoa vao ra, luat diéu khién dwa vao tinh
thu dong [ 7] dugc ap dung cho robot xe dap; ii) Xay
dung lut didu khién cudn chiéu cho robot xe dap &
(8) d& én dinh diém [0]. Sau d6 luat diéu khién dya
vao tinh thu dong dugc két hop (cong) voi diéu
khién cudn chiéu va ap dung cho robot xe dap. Bai
béo khéng lam theo tiép can sau: xiy dung ngd ra
thu dong dé hé dong hoc zero 1a én dinh tiém can
va ta lam theo dé qui. Két qua mé phong cua diéu
khién dwa vao tinh thu dong két hop didu khién
cudn chiéu ching to ring xe dap giir c4n bang. C6
so sanh sai lI¢ch goc banh lai va sai léch goc
nghiéng cta phuong phiap PBC-BSC va PBC,
PBC-SMC va PBC-NC ctia [7]. Phan tich én dinh
chimg t6 diém can bing & gdc toa do 1a én dinh
tiém can trong truong hop diéu khién dya vao tinh
thu dong va trong diéu khién cudn chiéu. Trong bai
béo nay, robot xe dap duoc giit cdn bing va di
thing. Hudng phat trién 1a diéu khién xe dap bam
theo quy dao hay di vong tron. Bai bao trinh bay
mo6 phong cho robot xe dap dung
MATLAB/Simulink. Huéng phat trién, viéc thi
cong robot xe dap duoc thyc hién va giai thuat diéu
khién cudn chiéu két hop didu khién dwa vao tinh
thu dong duogc thuc hién.

CHU VIET TAT

SISO single input — single output: mt ngd vao mot
ngd ra

MIMO multi input — multi output: nhidu ngd vao
nhiéu ngd ra
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PBC passivity-based control: diéu khién dua vao
tinh thy dong

BSC backstepping control: diéu khién cuén chiéu
PBC-BSC PBC - backstepping control: diéu
khién dwa vao tinh thy déng két hop diéu khién
cubn chiéu

PBC-SMC  PBC - sliding mode control: diéu
khién dwa vao tinh thu dong két hop didu khién
trugt

PBC-NC PBC using neural network control: diéu
khién dua vao tinh thy dong dung mang noron

LO1 CAM ON

Chung t6i cam on sy hd tro vé thoi gian va co s
vat chét cta truong Dai hoc Bach khoa (HCMUT),
DHQG TP. HCM cho nghién ctru nay.

XUNG POT LO1iCH

Ban thao bai bao khong c6 xung dot loi ich voi cac
tac gia khac va chua dugc gui bai ¢ cac tap chi
khéc.

DONG GOP CUA CACTACGIA

Tac gia Duong Hoai Nghia: 12 ngudi huéng dan,
dua ra y tuéng nghién ciru dé tai; dong gop v kién
dé tac gia Huynh Minh Ngoc viét va chinh lai bai
béo; la tac gia lién hé bai bao.

Tac gid Nguyén Vinh Hao: 1a ngudi huéng dan,
duara y tudng nghién ciru dé tai; gop ¥ cho bai bao;
la tac gia bai bao.

Tac gia Huynh Minh Ngoc, 1a tic gia dau, viét ban
thdo bai bao, thuc hién mo6 phong va viét chinh stra
theo gop y cua tac gia Duong Hoai Nghia va
Nguyén Vinh Héo va theo y kién ciia ngudi phan
bién; 14 tac gia dau bai bao.
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Passivity-based control combined with backstepping control of
bicycle robot

Minh-Ngoc Huynh'-2, Hoai-Nghia Duong?'*, Vinh-Hao Nguyen'

R
e ABSTRACT
T In this paper, a passivity-based control combined with backstepping control of a bicycle robot is

proposed. A bicycle robot is a system which has a nonlinear property and provides two inputs and

Use your smartphone to scan this two outputs. The control inputs of bicycle robot are the steering torque and the kinetic energy. Its

QR code and download this article two outputs are the steering angle and the rolling angle. A bicycle robot is a passive system. We
research a control problem, which the steering angle and the rolling angle track a value of zero, and
the velocity of the steering angle and the velocity of the rolling angle track a value of zero, in order
that we stabilze a bicycle robot at its vertical balance. We linearize and decouple the plant into two
singleinput single output systems. The passivity-based control is applied to each single input single
output system. Then, the passivity-based control combined with backstepping control is applied
to each plant. Simulation results are done with Simulink in MATLAB and have good results. The
steering angle of the passivity-based control combined with backstepping control tracks a value
of zero with the settling time of 2.8 seconds and the rolling angle tracks a value of zero with the
settling time of 2.3 seconds. The stability analysis shows that the equilibrium point at origin of
the plant is asymptotically stable in two cases: the passivity-based control and the backstepping
control. There are comparisons of a passivity-based control combined with backstepping control, a
passivity-based control using passivation method, a passivity-based control combined with sliding
mode control, and a passivity-based control using neural network.
Key words: Bicycle robot, passivity-based control, backstepping control, sliding mode control

'Ho Chi Minh City University of
Technology - VNU HCM

“Industrial University of Ho Chi Minh
City

*Eastern International University

Correspondence

Hoai-Nghia Duong, Eastern International
University

Email: dhoainghia@yahoo.com
History

e Received: 31-10-2025

e Revised: 03-12-2025

o Accepted: 13-04-2026

e Published Online: 22-07-2026
DOI : https://doi.org/10.32508/vnuhcmj-
et.v9i3.1487

‘ W) Check for updates

Copyright

© VNUHCM Journal. This is an
open-access article distributed
under the terms of the
Creative Commons Attribution
4.0 International license.

Cite this article : Huynh M, Duong H, Nguyen V. Passivity-based control combined with backstepping
control of bicycle robot. VNUHCM J. Eng. Technol. 2026; 9(3): 3011-3019.

3019


https://crossmark.crossref.org/dialog/?doi=https://doi.org/10.32508/vnuhcmj-et.v9i3.1487&domain=pdf&date_stamp=26-07-22

	Untitled

