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TOM TAT

Bai bdo dé xudt hé théng diéu khién robot xe dap dung phuong phap dua trén tinh thu déng.
Robot xe dap la hé phi tuyén, da bién (multi input - multi output - MIMO). Robot xe dap cé tin hiéu
vao thi nhat 1a momen diéu khién banh 14i va tin hiéu vao tha hai cd méi lién hé véi dong nang.
Hai tin hiéu ra la van téc géc banh 1ai o va van téc gbc nghiéng clia xe 8. Robot xe dap dugc ching
minh la hé thu dong. Xét bai toan diéu khién dé lam goc banh 18i o bam gid tri 0 va géc nghiéng
clia xe B bam gié tri 0 dé xe can bang thang ding. Chung ta dat bién diéu khién méi n dé hé la
thu déng véi ngd vaon vangdray = [d;ﬁ} , tUc la van téc goéc banh lai va van téc goc nghiéng
ctia xe. On dinh héa diém can bing & géc toa do diing diéu khién PI (proportional integral-Pl) dua
trén tinh thu déng. Két qua moé phong dugc thuc hién bang Simulink trong MATLAB va cé két qua
kha tot, nhu la thoi gian qua dé nho va dé vot |16 bé. Sai léch goc banh ai tién vé 0.01 sau 2 gidy
va sai léch goc nghiéng cla xe tién vé 0.01 sau 2 gidy. Phan tich n dinh dung ly thuyét thu dong
ching minh réng diém can bang & géc toa do 1a 6n dinh tiém can trong trudng hop diéu khién Pl
dua trén tinh thu déng vi hé cd ham tich trr V, xac dinh duong, V;, ban xac dinh am va hé quan

sat dugc trang thai 0.

Tur khoa: Robot xe dap, diéu khién dua vao tinh thu déng, diéu khién P

GIGI THIEU

Diéu khién dya vao tinh thu dong di dugc nghién ctiu
nhiéu boi cdc nha nghién ctiu. Robot xe dap la hé phi
tuyén, da bién (MIMO) va viéc diéu khién c6 nhiéu
thach thtic.

Céc tac gia Tanaka Y, Murakami T! duing goc banh lai
dé gitt cAn bang xe. Robot xe dap c6 gbc banh 14i 1a tin
hiéu diéu khién va goc nghiéng cta xe 1a tin hiéu ra.
Téc gia Astrom? di m6 hinh héa xe dap va tuyén tinh
héa hé quanh diém cin béing va dp dung diéu khién
héi tiép. Cdc téc gia Guo L et al.> mo hinh héa xe
dap 1a hé phi tuyén, MIMO. Hai ngd vao cua xe dap
la momen bdnh 14i va ddng nidng. Hai ngo ra la géc
banh lai va géc nghiéng ctia xe. Cac tac gia ap dung
tuyén tinh héa vao-ra cho robot xe dap va dung diéu
khién hoi tiép trang théi dung phan bd cyc. Cac tac
gid diéu khién goc diéu khién banh 14i va van t6c xe
dé gitt thing bang xe.

Tac gid Duong Hoai Nghia* trinh bay céc phuong
phép diéu khién hé da bién tuyén tinh, diéu khién
trugt hé phi tuyén va tinh thu dong. Tac gia Khalil®
trinh bay 6n dinh hé phi tuyén dung ly thuyét Lya-
punov, tinh thu dong va diéu khién dya vao tinh thu
dong vé6i ap dung cho robot hai bac tu do. Diéu khién
dua vao tinh thu dong (PBC) 6 cho hé con lic ngugc
dugc trinh bay. Céc tac gid Duong Hoai Nghia va

Huynh Minh Ngoc” di trinh bay diéu khién tuyén
tinh héa vao-ra cho hé robot xe dap c6 hai ngé6 vao
va hai ng6 ra. Hai tin hiéu vao 148 momen banh lai
va dong nang. Hai tin hiéu ra la géc banh lai va goc
nghiéng cta xe. Luat diéu khién tuyén tinh sé tuyén
tinh va phan tdch hé thanh cdc hé SISO. Sau d6 bo diéu
khién ti 1é vi phan va khau bd chinh bac mot duge st
dung d€ 6n dinh héa cac hé mot dau vao mot dau ra
nay.

Cac tdc gia Zare Sh, Tavakolpour-Saleh AR, va Bi-
nazadeh T? trinh bay ky thuét diéu khién dya trén
tinh thu dong co tich hgp giai thuat di truyén. Cac
tac gia Hayakawa T, Haddad WM, Bailey JM, va Hov-
akimyan N ? trinh bay diéu khién héi tiép ngd ra thich
nghi noron dua vao tinh thu dong cho hé thdng dong
khong am phi tuyén. Cac tac gia Li M, Chesi G, va
Hong Y0 d3 trinh bay t6i uu héa phan bé dya trén
thu dong truyén thdng ngd vao trén hai so d6 dugc can
béng két ndi nhau. Cac téc gid Gokdere LU, Simaan
MA!! d3 trinh bay diéu khién dya vao tinh thy dong
cho dong ca khong dong bo, va dé€ nghi giai thuat diéu
khién ma budc dong co khong déng bd bam theo téc
do thay ddi theo thai gian, vi tri va quy dao tii thong
ma khong cén biét tri thiic vé cac bién trang thai dién
phén tng.

Bai bdo nay d¢€ nghi di€u khién PI dya trén tinh thu
dong cho robot xe dap. Phan tich 6n dinh dung ly

Trich dan bai bao nay: Ngoc H M, Nghia D H, Hao N V. Piéu khién dua vao tinh thu ddng cho Robot xe
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thuyét thu dong d€ cho thdy diém cin bang & gbc
toa do 1a dn dinh tiém can. Két qua mo phong dung
MATLAB/Simulink.

Bai bdo dugc b6 cuc nhu sau. Gidi thiéu dugc trinh
bay trong phén 1, Phuong phap nghién ctiu bao gém
mod hinh robot xe dap, phuong phap duya vao tinh thu
dong va tinh thu dong ctia robot xe dap dugc trinh bay
trong phan 2. Thiét ké b diéu khién dya vao tinh thu
dong dugc trinh bay trong phan 3. Két qua moé phong
va thao luén dugc trinh bay trong phén 4. Phan 5 két
luan bai bao.

PIEU CO BAN VA PHUONG PHAP
NGHIEN cUU

M6 hinh robot xe dap

Céc thong s6 ctia robot xe dap dugc trinh bay ¢ Hinh 1
va Bang 1°. Robot dugc truyén dong bsi 2 dong co.
Pong co 1 dugce bé tri & truc banh sau gitp robot di
chuyén véi van t6¢c V. Pong co 2 dugc bé tri trén truc
ctia phudc d€ diéu khién goc banh ldi a.

heos(3)

Hinh 1: Cac thong s6 cla robot xe dap (A nhin
ngang, B: nhin tu trugc, C: nhin ti trén)

Bo qua chuyén dong trugt ctia cic banh xe, phuong
trinh dong hoc ctia robot xe dap? 1a:

M(q).G+C(q,9)-4+G(q) =u M
Trong do:
|
"~ M
M(q) = (2)

[mllz +0.5m1r% +myA?p? myhph cos B +myri COSB} -

mohpAcos B +mirdcosB  3myr? 4 2moh?

Clard) = {8 B (mlrlsinﬁo+m2hplsin[3):| )

0
— (2myr+myh)gsin ﬁ} @)

G(q)= {
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ST
up

Céc tin hiéu vao diéu khién gém c6 u; 12 momen cta
dong co quay banh 1ai va up. up ¢6 lién quan dong
nang W.

Tu phuong trinh (1), mo hinh trang thai ctia robot xe
dap? dugc xac dinh nhu cong thiic (6) (Hinh ):

Mo hinh to4n hoc c6 thé dugc viét lai véi tin hiéu diéu
khién u; va up nhu (7) (Hinh)

X =x,
. eysin(x;)x] +cyuy +d,ydye, tan(xy)cos® (x,),
X, = 3
g 1-d,c, cos”(x;)
Xy =X,
. 0.5d,c, sin(2x,)x; + dyc, cos(x; u, +d,d, tan(x,)cos(x, )W,
‘ 1-d,c, cos?(x;)
P ©
Y2 =%,
F=x

. eysin(x;)x; +0.5d,¢ gsin(2x;) + ey, +dse cos(x; )i,
X, =

1-d,c, cos®(x;)
Xy, =x,
~ d,gsin(x;) +0.5d,c, sin(x;)x; +dyc; cos(xy)u, +du,

1-d,c, cos*(x;)
N =%

Y2 =%y ™

Trong d6: x; =, xp = @, x3 =, x4 = ﬁ 1 cac
bién trang thdi. x; 1a géc banh lai. x, 1a van téc goc
banh l4i. x3 1 goc nghiéng ctia xe so véi phuong thing
diing. x4 la van t6c géc nghiéng ctia xe.

Cdc tin hiéu ra y gom c6 van t6c géc banh ldiy; = a
va vén téc goc nghiéng ctia xe yp = [3 up c6 quan hé
v6i dong nang W, nhu sau:

uy = daig () cos (B) Wy — (2myr+myh) gsin (B) (8)

_ wp+(2myr+myh)sin(B)
hay W, = W

(2mi +my)V?

W, = 2mtm) V2 ©)
¢ 2
W, 14 ddng nang ctia chuyén dong tinh tién cta xe.
Trong do:
¢ = —(myr+myhpA)

mir? [ 2+my A2 4my p? A2
(myr+myhp)A
mir?[2+my A2 4my p? A2

1
mir2[2+my A2 +my p2 A2
dy = —(myr+mahp)A

1 3my r2+2myh?
_ 2(2m1r+mzh)
d (2my+my) Ly
_ 1
d3 = 3mr2+2myh?
d4 _ 2my 2 4myh?

3my r2+2myh? (10)
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Bang 1: Cac théng sé ciia robot xe dap

Tén Y nghia vat ly Gié tri

COG Trong tam ctia xe (center of gravity)

m Khéi lugng ctia méi banh xe 2.5kg

my Khéi lugng khung xe 18 kg

r Bén kinh ctia mdi banh xe 0.33m

A Khoang cach giiia truc ctia phudc va truc ctia banh trudc 0.04 m

h Chiéu cao ctia trong tdm (COG) khi xe ding théng ( = 0) 0,92 m

L Khoang céch gitta hinh chiéu 1én mit phing ngang ctia truc banh truécva 0.7 m
trong tam xe

L, Khoang cach giiia truc banh trudc va truc banh sau 1.1 m

p (L2 - L1)/1a 0.36

o Go6c ctia banh trude so vi phuong chuyén dong

B Goc nghiéng ctia xe so vdi phuong thing ding

v Van téc chuyén dong thing ctia xe

Phuong phap dua vao tinh thu dong

Pinh nghia: Cho hé théng dong sau:

x=f(x,u)

y=h(xu)

Trong d6 ham f 1a Lipschitz cuc bg, h la lién tuc,
£(0,0)=0 va h(0,0)=0

Hé théng 1a thu dong néu ton tai ham V(x) ban xac
dinh duong lién tuc c6 dao ham théa man diéu kién:
ul'y > VY (x,u).

x=f(x)

y=nh(x)

Néu y = 0 thi x = 0. H¢ thong nay dugc goi la quan

Gié stt hé théng c6 u(u=0) : {

sat dugc trang théi 0.

Tinh chat*:

Cho hé théng:

Néu hé thong trén thoa man:

i) Thu dong v6i ham tich trit V(x) xac dinh duong.
ii) Hé quan sat dugc trang thai 0.

iil) V (x) — oo khix — oo,

thi ¢6 thé 6n dinh hoa toan cuc diém can béng & gdc
toa do bang luat diéu khién u = — ¢ (y) v6i ¢ (y) thoa
¢(0)=0:y"o(y) =0Vy#0.

Tinh chat thu déng cta robot xe dap

Trong phuong trinh (1), ta luu y M(q) 13 d6i xting va
dinh thuc det(M(q)):

det (M (q)) = (3m17% +2myh?)

X (mM.Z +0.5m;r% +m212p2)

— (m17A +mph2a2p? cos® B)

= (3m1r2 + 2m2h2) (ml/'L2 +0.5m; 12 +m212p2)

— (myrA +mpA2p?) (1 —sin® B)

=2mrp? + I.Sm%r4 +3mymyrt A% p?

+2mymah A2 + mymar?h? + m%hz)uzp2
—2mymarAhp + (mlrl + mahA A p? sinzﬁ) >0 (11)

vi

mymp A2 (3}’2172 +2h2 — 2rph)

12
=mmA® (2r*p* + 12+ (rp—h)) >0 (12

Vi vay M(q) la xac dinh duong véi moi q.
Tu cac phuong trinh (2), (3), ta suy ra:

M-2C=

(myri +m2hpl)B.sinﬁ (12)

0
L (myrA +mahpA) B.sin B 0

Ta suy ra tinh chét sau:

Z (M(q)—ZC(q7c‘1))z:o, Vz € R? (13)

Tinh chét thy dong cta robot xe dap:
Chon ham tich tri E:

E= %qTM(q)q—i- (2myr+myh) gcos
E=0khig=0; B =+mx/2.
E>0khig#0; B e(—n/2,m/2)
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Do d6 E xac dinh duong.
Thé nang:
U = (2myr+myh)gcos
Luu y rdng:
T
6a) = 240
(14)

0
—(2m1r+m2h)gsinﬁ]
Tinh dao ham E :

E=q'M(q >q+§qTM< )a+4q' G(q)
qT( C.q+G(q)+u)
S M@)q+q c( )

=47 (M(q) —2C(q,9)4— ézG(q))

. .T .T
+q u+q Glg)=q u

._.N'—‘

vi theo phuong trinh (1):

M(q).G=—C(q,4) —G(q)+u

va theo tinh chét (13):

zT( 1(q)—2C (q, q)>z:0 VzeR?

He thong la thy dong véi ngd vao u va ngo ra g vi
¢"u> E, Vu. Ham tich trit E xéc dinh duong.

THIET KE BO PIEU KHIEN DUA VAO
TiNH THU PONG

Ta van dung 6n dinh hda va diéu khién dya vao tinh
thu d(f)ng5 vao thiét ké bo diéu khién PI dya vao diéu
khién thu dong cho hé robot xe dap.

Xét bai toan diéu khién d€ lam q bdm gia tri hing s6
qr-

On dinh héa tai diém q=qr= [O,O]T
e:

e=q9—4qr

=g

Phuong trinh ddng hoc ctia robot xe dap dugc cho &
phuong trinh (1):

M(q).4+C(g:9)-4+G(q) =

Do muén xe can bing thing diing nén ta chon g, =
[0,0]7. Dodée=gq,e=gq, ¢=4¢. Diém can bing
[¢=0,4=0] (1a [e=0, e =0]) khong la diém can
béng vong ha.

bat

. Dit bién sai s6

u=G(q)— (16)

V6i g1 (q) thoa ¢ (0) =0, ¢" 91 (q) > 0¥g #0
Chon: ¢; (q) = K;q. K 14 ma trdn d6i xting xdc dinh
duong, K; = K} > 0.

Tu phuong trinh (1) va (16), ta viét lai:

or(q)+n

M(q)4+C(q,q) 4+ (g9) =1 (17)

1523

Chon ham tich tri V,:

N 4
Vi (q,q) = EqTM(q)fH/Oq ¢f (0)do (18)

Vp, >0Vg#0,g#0
Vb:Okhiq:O, (pI(O) =0.
Vay V}, xdc dinh duong.
Tinh dao ham V:

M(q)é%qTM(q)wf or
:iz "(n-C(q.9) 4~ 1 (q))
2 @i+ ol @i
"n—-¢"c(a.9)a-q" o (q)
q M( )Q+(P1 (@q

—2C( qq))
q)+q n+ef (@)q
M(q)—2C(4,4))q

(19)

Vi g i (g) = ¢f (g)§ va theo (17) M (q)§ =
C(g.9) ¢— ¢1 (g) va theo tinh chit (13).

Hé théng (17) la thu dong véi ngd vao ) va ngd ra
y=qvicéd an > V. V), 12 ham tich trii xdc dinh
duong.

Hé nay quan sat dugc trang thdi 0. Chon =0
y=¢=0—-¢=0—-¢;(9)=0=¢g=0

vi theo phuong trinh (17) va ¢y (¢) = K;q. Chon luét

T’_

diéu khién thu dong:
n=—ep(q) (20)
v6i gp (0) =0, " 9p (q) > 0¥ #0.
Suy ra luét diéu khién:
u=G(q)—¢r(q)—or(4)
Ta chon:
op (q) = Kpq
v6i Kp la ma tran doi xing xac dinh duong, Kp =
KL >o0.
Do d6 ta c6 luat diéu khién u:
u=G(q)—Kpq—Kir.q (21)
Véi G(q) cho bai (4).
Phan tich 6n dinh:
Xéthékin (17) cd6n = —o¢p (q)
Pao ham Vb:

V;,Sé]Tn:>V,, q(pp()<0V1he(17)lathu
dong va theo (23) n=-—o¢p ( )

op (0) = 0; ¢" ¢p (¢) > OV # 0.

V), = 0khi g = 0. Viy V, la ban xac dinh am. Vay
diém can bang & gbc toa do 1a 6n dinh tiém cin vi hé
c6 ham tich trit Vj, xdc dinh duong, Vb bén xé4c dinh
am va hé quan sat dugc trang thai 0.
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KET QUA MO PHONG VA THAO
LUAN

Hé dugc mo ta boi phuong trinh (6) va (8).

Thay s6 tit Bang 1 ta dugc: ¢ = -1.90, ¢ = 1.90, ¢c3 =
6.95, d; = -0.0088, d = 1.44, d3 = 0.032, d4 = 0,582.
Diéu kién dau:

X10 = 0.01; X20 = —0.01; X390 = 0.01; X40 = —0.02
kp1 = 100, kyp = 100, k;j = 150, ki = 150.

Tin hiéu d4u ra gébm c6 y; va y, va tin hiéu diéu khién
gom co uj vaup vagoc @, B duge minh hoa 6 Hinh 2.
Hinh 2 cho thdy tin hiéu y; tién vé gid tri 0 sau 0.5s
va y, tién vé gid tri 0 sau 2.4 s. Tin hiéu uj bing 0 sau
0.8s. Tin hiéu u tién vé -1.8 sau 4 s. Goc « tién vé
0,01 va goc nghiéng B tién vé 0.01. Tin hiéu u, béing
— (2myr+myh)gsinf = —1.8.

T Bang 2, ta nhan thdy PI-PBC t6t : ¢6 do vot 16 bé
va thdi gian qua d6 nho.

Tin hiéu sailéche=q - g, vSig, = [0, O]T dugc minh
hoa & Hinh 3.

Hinh 3 cho théy sai léch e=q-q, v6i q, = [0; 0] va sai
léch goc o tién vé€ 0.01 sau 2 gidy va sailéch goc B tién
v€ 0.01 sau 2 gidy. Sailéch goc o chinh la goc banh lai
o va sai léch goc B chinh la goc nghiéng ctia xe 8.

KET LUAN

Bai bédo dé xudt diéu khién PI dya vao tinh thy dong
cho robot xe dap. Két qua moé phong 1a kha t6t va thoi
gian qud d6 nho va do vot 16 bé. Phan tich 6n dinh
dung ly thuyét thu dong chiing to difém can bing &
gdc toa d¢ la 6n dinh tiém cén trong trudng hop diéu
khién PI dya trén tinh thu dong.

DANH MUC TU VIET TAT

SISO single input - single output
MIMO multi input — multi output
PBC passivity-based control

PI proportional integral

PI-PBC proportional integral - PBC

XUNG DOT LOI iCH
Ban thao bai bdo khong ¢ xung dot 1¢i ich véi cac tac
gid khac va chua dugc gtii bai & cac tap chi khac.
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Tac gid Duong Hoai Nghia: 1a nguéi huéng dan, dua
ra y tudng nghién ctu d¢é tai; déng gop y kién nhiéu
dé tac gia Huynh Minh Ngoc viét va chinh lai bai bao.
La tac gia chiu trach nhiém (main contact author) bai
béo, duyét cho ndp bai bao.

Tac gid Nguyén Vinh Hao: 14 ngudi huéng dan, dua
ra y tudng nghién ctiu dé tai; gop y cho bai bao, tham
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Tac gia Huynh Minh Ngoc, la tac gia dau (first author),
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Hinh 2: Tin hiéu dau ra gém cé y; va y; va tin hiéu diéu khién gém c6 u; va u, va géc o, B cta diéu khién Pl dya
vao tinh thu dong.

Bang 2: Diéu khién PI-PBC

Do vot 16 cuc dai POT Thoi gian qué 4o txl
y1 6 vot 1612 0.0001 y1 €6ty =0.5s
y2 ¢6 vot 16 1a 0.004 nhung y2 tién vé 0 1a tot. y2 €Oty =2.4s
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Hinh 3: Tin hiéu sai léch géc a va tin hiéu lai léch géc B ctia diéu khién Pl dua vao tinh thu déng.
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Passivity-based control of bicycle robot
Huynh Minh Ngoc'2, Duong Hoai Nghia3", Nguyen Vinh Hao'

ABSTRACT
The paper proposes a control system for bicycle robot based on a passivity-based method. Bicycle
robot is a nonlinear, MIMO (multi input - multi output) system. The first input of bicycle robot is the

Use your smartphone to scan this steering torque and and the second input has a relation with the kinetic energy. Its two outputs are
QR code and download this article :

the velocity of the steering angle ¢ and the velocity of the rolling angle . Bicycle robot is shown to
be a passivity system. Consider a control problem which the steering angle « tracks a value of zero
and the rolling angle B tracks a value of zero in order that bicycle robot keeps its vertical balance.

We use a new control signal i so that the system is passivity with input i va output y = [(L ﬁ}

which are the velocity of the steering angle & and the velocity of the rolling angle B. Stabilization of
the equilibrium point at origin uses a Pl (proportional integral) passivity-based control. Simulation
results are done with Simulink in MATLAB and have good results such as short settling time and
small percentage of overshoot. The error of the steering angle comes to 0.01 after two seconds
and the error of the rolling angle comes to 0.01 after two seconds. Stability analyses using the
passivity theory show that the equilibrium point at origin is asymptotically stable in the case of
Pl passivity-based control because the system has a positive definite storage function V;, and the
derivative of V}, is semi-negative definite and the system is zero-state observable.

Key words: Bicycle robot, passivity-based control, Pl control
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