Tap Chi Khoa Hoc Gi4o Duc Ky Thugdt Sé 61 (12/2020) 33
Truwong Pai Hoc Suw Phgm Ky Thugt TP. Hé Chi Minh
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TOM TAT

Bai bdo dé xudt hé thong diéu khién robot xe dap dwa trén phwong phdp tuyén tinh héa
vao-ra. Robot xe dap la hé phi tuyén, da bién. Hai tin hi¢u vao cua hé la momen banh ldi va
dong nang. Hai tin hiéu ra la goc banh ldi va goc nghiéng cua xe. Truoc tién ludt diéu khién
tuyén tinh hoa vao-ra giup tuyén tinh hoa va phan ly doi twong diéu khién thanh cac hé thong
mot dau vao mot dau ra. Sau do cac bg diéu khién PD va khdu bo chinh béc 1 duwoc sir dung de
on dinh héa cdc hé mét dau vao mét d‘au ra nay. Cudi cing két qud mo phong cho thay hé thong
diéu khién cé chat heong danh dinh tot nhw la thoi gian qua do ngdn va dé vot 16 bé.Hon nita,

két qua mé phong cho thay hé thong diéu khién bén viing doi véi sw thay doi cdc thong sé ciia
robot xe dap nhu la tai va trong tdm cua xe. Hai tin hiéu ra dwoc diéu khién doc lap nhau.

Tir khoa: Robot xe dap, hé da bién; tuyén tinh hoa vao-ra; bo diéu khién PD; khéu bé chinh
bdc 1.

ABSTRACT

The paper proposes a control system for bicycle robots based on input-output linearization
method. Bicycle robot is a nonlinear, MIMO (multi-input multi-output) system. Its two inputs are
the steering torque and kinetic energy. Its two outputs are the steering angle and the rolling
angle. Firstly, input-output linearization control law linearizes and decouples the plant into
single input-single output systems. Then the PD (proportional derivative) controller and first-
order linear compensator are used to control these single input-single output systems. Finally,
simulation results show that the control system had good performance, such as short settling
time and small percentage of overshoot. Further, simulation results show that the control system
is robust against variations in the parameters of the plant, such as the mass and the center of
gravity. Two output signals are controlled independently.

Keywords: Bicycle robot; MIMO system;
order compensator
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Céc tic giad diéu khién goc banh lai dé giir
can bang xe. Trong [2], Astrom da trinh bay
md hinh xe dap c6 tin hi€u diéu khién la

1. GIOI THIEU
Robot xe dap 1a mot d6i tugng phi tuyén,

da bién, khong on dinh, d3 dugc nghién cuu
bo1 nhi€u nha khoa hoc khac nhau. Viéc di€u
khién robot xe dap c6 nhiéu thach thue va kho.

Mo hinh dong lyc ciia xe dap va diéu
khién duogc trinh bay trong [1-3]. Trong [1],
mo hinh xe dap dwoc dan ra tir can bang cua
trong lyc va luc ly tam. HE c6 mot dau vao
va mot dau ra. Goc banh 14i 1a tin hi¢u diéu
khién va goc nghiéng cua xe 1a tin hiéu ra.

moment banh 14i va hai bién qua trinh 1a goc
banh 141 va goc nghiéng cua xe. Phuong trinh
goc nghiéng cua xe duoc tuyén tinh hoa
quanh diém can bang, va hé c6 dau vao la
moment banh lai va dau ra 1a goc nghiéng
cua xe. Phuong phap diéu khién tuyén tinh
va xét on dinh dugce 4p dung cho hé tuyén
tinh héa nay. Trong [3], mo hinh robot xe dap
¢O hai tin hiéu vao la moment banh lai va
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dong nang, va hai tin hi¢u ra 1a goc banh lai
va goc nghiéng cua xe. Cac tac gia diéu
khién goc diéu khién banh 14i va van tdc xe
dé gilr thang bang xe. Hon nira, phuong phap
tuyén tinh héa vao-ra va diéu khién hoi tiép
trang thai dung phwong phap phin bd cuc
cling duoc trinh bay.

Cac tac gia khac [4-6] diéu khién giir
thang bang xe dung d6i trong. Trong [4], cac
tac gia thiét ké diéu khién truot va diéu khién
trurot mo cho robot xe dap. Tin hi€u ra 1a géc
nghiéng cua xe. Trong [5], diéu khién t6i uu
héa bay dan phin nho (particle swarm
optimization-PSO) két hop Hz/H.cho robot
xe dap dugc trinh bay. Trong [6], cac tac gia
dung tuyén tinh hoa vao-ra cho xe dap khong
can nguoi lai.

Tinh thu dong va diéu khién dua vao
tinh thy dong ciing dugc trinh bay trong [7-
9]. Trong [7], tac gia trinh bay & 6n dinh hé phi
tuyén, phuong phap diéu khién dua vao tinh
thy dong va bo diéu khién PD, tuyén tinh hoa
chinh xac. Trong [8], tac gia trinh bay
phuong phap diéu khién hé da bién, diéu
khién dya vao tinh thu dong va diéu khién
truot. Trong [9], céc tac gid trinh bay hé
Euler-Lagrange va phuong phép diéu khién
dua trén tinh thu dong.

Piéu khién bén viing duoc trinh bay
trong [10]. Cac tac gia dé nghi tiép can dleu
khién hoi tiép dua trén bo quan sat hai tang
cho robot xe dap khong c6 nguoi lai dé on
dinh & vi tri thang dung khi di chuyén vé
trude & toc do khong doi.

Trong bai bao nay, dic diém khac véi
cac tac gia khac 1a khong dung dbi trong. St
dung mo6 hinh dong luc cua robot xe dap da
dugc xay dung trong [3], bai bao gioi thiéu
hé thong diéu khién can bang xe khong dung
d6i trong dung phuong phap tuyén tinh hoa
vao-ra két hop vai diéu khién PD va khau b
chinh bac 1. Két qua mo phong trén mdy tinh
duoc thuc hién trén MATLAB/Simulink.

B cuc ciia phan con lai cia bai bao nhur
sau: Mo hinh dong luc ctia robot xe dap duoc
trinh bay trong phan 2. Phan 3 gi6i thiéu hé
théng diéu khién dé nghi trén co s& phuong

phap tuyén tinh héa vao-ra. Két qua mé

phong duoc trinh bay ¢ phan 4. Phan 5 két

luan bai bao.

2. MO HINH PONG LUC CUA ROBOT
XE DAP

Céc thong sb cua robot xe dap dugc trinh
bay ¢ hinh 1 va bang 1 [3]. Robot duoc
truyen dong boi 2 dong co. Bong co 1 dugc
bd tri & tryuc banh sau gitp robot di chuyén
véi van tde V. bong co 2 duoc b tri trén truc
ctia phudc dé diéu khién goc banh 14i (.

B/ hcos(p)

Hinh 1.Cdc théng s6 ciia robot xe dap (A: nhin
ngang, B: nhin tir trucce, C: nhin tir trén)

Bing 1. Cdc théng sé ciia robot xe dap

Tén | Y nghia vat ly Gia tri
COG | Trong tam cua xe (center
of gravity)
m: | Khdi lugng ciia mdi banh | 2.5 kg
Xe
m2 | Khdi luong khung xe 18 kg
r | Ban kinh ctia mdi banh xe | 0.33 m
Khoang céch giira truc cua | 0.04 m
L phudéc va truc cua banh
trude
h | Chiéu cao ciia trong tam | 0,92 m
(COQG) khi xe dung thang
(®=0)
L1 | Khoang cach gitta hinh | 0.7m
chiéu lén mat phang ngang
cia truc banh trudc va
trong tam xe
L> | Khoang cach gitra truc banh | 1.1 m
trude va truc banh sau
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Tén | Y nghia vat ly Gia tri
0.36
P (L2 - L1)/L>2
(| Goc cua banh trude so voi
phuong chuyén dong
® | Goc nghiéng cua xe so voi
phuong thang ding
V | Van téc chuyén dong

thang cua xe

Bo qua chuyén dong truot cua cac banh
xe, mO hinh trang thai cua robot xe dap [3]
duogc xac dinh nhu sau:

X; =X
_Csin(x )X +c3u11+dZélacltan(xl)cosz(xs)u2
t 1-d,c,cos2(x,)
%3 =X,
:0.5dlczsin(2x3)xj+d1c3cos( U, +d,d;tan(x  Jcos(x (1)
! 1-d,c,cos(x,)
Yi=X;
Ya=X;

( X2 =0 ¥ =@, X, =P

1a cac bién trang thai. x11a goc banh lai. X2 13
van toc goc banh lai. xsla géc nghiéng cua xe

Trong d6 x1 =

so v6i phuong thang dimg. X4 14 van tdc goc
nghiéng cua xe.
Céc tin hiéu ra gdm c6 goc banh lai y1=(

va goc nghiéng cua xe y,=®.
Céc tin hiéu vao diéu khién gém c6 up la
moment cua dong co quay banh 1ai va

_(2m, +m,)V?

R @

uz 1a dong ning cta chuyén dong tinh
tién cua xe.

Trong do:
B —(m,r+m,hp)A
Yomr?/2+m? +m,p®a
(m,r+m,hp)r
T 2 m A + mpih
1 1 Zp s
1
Cy=

m,r?/2+m\% +m,p*A°

_ —(myr+m,hp)a _2(2m;r+m,h)
bosmrf+2mh® 7 (2mi+my)L,
1

*3m,r? +2m,h?

3. HE THONG PIEU KHIEN PE NGHI
Gw(s):él

rhs e N ke 4 T R4 RoBOT

T .

Hinh 2. Hé théng diéu khién dé nghi.

Hé thong diéu khién dé nghi bao gdm 2
vong diéu khién (Hinh 2): Vong diéu khién
trong c6 nhiém vu tuyén tinh héa (TTH) hé
thong bang hoi tiép trang thii. Vong diéu
khién ngoai duoc thyc hién boi bd diéu khién
tuyén tinh K(s).

3.1 Vong diéu khién trong
Twr phuong trinh (1) ta c6

_ CSIN(X o)X +C,U; +d,d,C,tan(x )cos” (x,)u,

b 1-d,c,c0s*(x,)
_ 0.50,6;8in(2x 5)x; + 010,008(x;)u, + ddtan(x, Jcos(x : (3)
: 1-0,0,08%(x,)

Hodc dudi dang ma tran nhu sau:

Y=1() + G(xu ©)
Vi
) = C, X2 { sin(x,)
1-d,c, cos®(x;)| 0.5d, sin(2x,)
d,d.c, tan(x,)cos’(x,)
d,d, tan(x, ) cos(x;) ]

(®)

1 C,
G(x)= 1-d,c, cos’ (x,) Llc3 cos(x,)

(6)

‘Tur phuong trinh (4), ludt diéu khién
tuyén tinh hoa vao-ra dugc xac dinh nhu sau:
y=v (7)

Ta c6 phuong trinh tin hiéu diéu khién u
nhu sau:

u=Gx)v-f(x)] (8)
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1 -C,C05(X )
c c
u=l g 7 [v-fX)] (9)
d,d,tan(x;) d,d;cos(x;)tan(x,)

Trong d6 v 1a tin hiéu ra cta bd diéu
khién vong ngoai K(s) (Hinh 2). Sau khi
tuyén tinh hoa quan h¢ vao-ra cuia hé¢ thong
nhu sau:

1
Y(s) = Grr(s)V(s) voi Grr(s) = S° |
3.2 Vong diéu khién ngoai

(10)

Phuong trinh (10) cho thay sau khi tuyén
tinh hoa hé théng da dugc phan ly thanh 2 hé
thdng con doc 1ap nhau. Vi vay bd diéu khién
K(s) cua vong diéu khién ngoai s€ 1a 2 bo
diéu khién mot dau vao mot dau ra doc lap
nhau K(s) = diag{Ki(s), Ka(s)}. Pé xac dinh
Ki(s), i = 1, 2, ta c6 thé sir dung 1 trong 2
phuong phép nhu sau:

a) Piéu khién PD: Bo diéu khién Ki(s) co
dang nhu sau:
S

KDI
Ki(s) = Kpi+ 1s+1,i=1,2 (11)

Trong d6 Kpi va Kopi la cac thong sb cuia
bo diéu khién PD. Héng sb duong | dugc
chon réat bé so véi thoi gian dap ung cua hé
thong vong kin. Trong dii tan s6 thoa | T<<
1, Ki(s) H Kpi + Kpis va ham truyén dat cua
hé thong vong kin dugc x4c dinh boi

H. (s) = MOBLOEIO)
R, 1+K &8 O
Kpis + Kb

) s? +Kpis+ Ko, (12)

Céc thong s cta bo diéu khién Kopi va
Kbricod thé dugc xac dinh sao cho Hi(s) co6 cuc
chon trudc.

b) Khau bd chinh bac 1: Bo diéu khién K(s)
c6 dang sau

a;s+T,
K — el e 1
)= S+ T

2i

=1,2 (13)

Tu phuong trinh (10) va (13) ta dugc
ham truyén cua h¢ thong vong kin

H (9 =i _ Ki©Cm )
' Ri(s) 1+K;(5)G (9)
a; s+ T

S +T,8° +as+T, (14)

Céc thong s cua bo diéu khién: ai, Tij,
va T2icd thé duoc xac dinh sao cho H;i(s) co
cuc chon trudc.

4, KET QUA MO PHONG

Thay s6 tir bang 1 ta duoc: c1 = -1.90,
c2 =1.90, c3 = 6.95, d; = -0.0088, d» = 1.44,
d3 = 0.032. M0 hinh trang thai cua robot xe
dap nhu sau:
X, =X,
~ 1.9sin(x ;)x; + 6.95u, —0.0875tan(x,)cos’ (X, )u,
2 1-0.0167cos(x,)
Xy =X,
- 0.00836sin(2x,)x5 — 0.0612c0s(X,)u, + 0.0461tan(x, )cos(X,)u,

“ 1-0.0167c05(X,)
Yi=X
Y, =X,

(15)
4.1 Piéu khién PD
Tir phuong trinh (12), dé Hi(s) va Ha(s)

c6 cuc tai —0-9F J0.866 tg ¢4 Kp = diag{1,
1}, Ko = diag{1, 1}, | = 0.01, két qua mo
phong dugc cho ¢ Hinh 3.

Ta thiy tin hi¢u ra bam kha t6t theo tin
hiéu dat. Goc banh lai y1 c6 do vot 16 1a
24,66% va thoi gian qua do 4,2 s. Goc
nghiéng cta xe y2 ¢6 do vot 16 1a 16,66%,
thoi gian qua do S s.

Hinh 3 cho thay khi y, thay dbi , y1
khong d6i. Con khi y1 thay ddi, y2 khong doi.
Nhu vay y1 va Y2 c6 thé dugc diéu khién doc
1ap. H¢ kin on dinh vi nghiém cuc nam & ban
trai mat phang phte.

Pé kiém tra tinh bén virng cua hé thong
diéu khién d6i véi sy thay doi cia thong sb
md hinh, cac mé phong cling da duoc thuc
hién khi xe mang tai: khoi lugng xe va toa do
trong tdm xe thay doi (m2 =36 kg, L1=0.9 m,
h=0.8 m) nhung bo diéu khién khong doi.
Két qua dugc trinh bay ¢ hinh 4. Két qua
diéu khién thay d6i khong dang ké cho thiy
tinh bén viing cua hé théng diéu khién.
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Hinh 3. Tin hiéu ra géc banh ldi y1, goc
nghiéng ciia xe y2 va tin hiéu diéu khién moment
quay béanh 1ai uy, dong néng ciia chuyén dong
tinh tién uxvéi my=18 kg, L1=0.7 m , h=0.92 m,
Kp=diag{1, 1} va Kp=diag{1,1}.

4.2 Khéu bo chinh bic 1
Tir phuong trinh (14), dé Ha(s) va Ha(s)

coO cuc tai -5, ~ 0.5+ )0.866 , ta c0 ai=6, T1i=5,
T2=6. Két qua mo6 phong duoc cho & hinh
5.Ta thdy tin hiéu ra bam kha tdt theo tin hiéu
dat. Goc banh 1ai y1 c6 do vot 16 1a 33% va
thoi gian qué do4.5 s. Goc nghiéng cia xe y»
c6 do vot 16 1a 17.33%, thoi gian qua d¢ 3.9 s.

Hinh 5 cho thay khi y» thay dbi , y1
khong d6i. Con khi y; thay doi, y2 khong doi.
Nhu vay y1 Va Y2 ¢6 thé dugc diéu khién doc
lap. H¢ kin on dinh vi nghiém cuc nam & ban
trai mat phang phic.

Hinh 6 trinh bay két qua mo phong khi xe
mang tai: khdi luong xe va toa do trong tdm
xe thay d6i (m2 = 36 kg, L1=0.9 m h=0.8 m)
nhung bd diéu khién khong d6i. Tuwong tu nhu
truong hop bo didu khién PD, ta thiy hé thong
c6 tinh bén ving d6i véi sai s6 mo hinh.
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Hinh 4. Tin hiéu ra géc banh ldi y1, goc
nghiéng ciia xe y2 va tin hiéu diéu khién
moment quay banh lai ui, dong nang cua
chuyén dong tinh tién uzvéi mp=36 kg, L1=0.9
m, h=0.8 m, Kp =diag{1, 1} va Kp =diag{1,1}.

time(sec)

30

U2

-SDD 1ID QID Bh Aht S(ID j EID ?ID BID EIID 100
Hinh 5. Tin hiéu ra goéc banh ldi y1, gOC
nghiéng ciia xe y» va tin hiéu diéu khién
moment quay banh lai us, dong nang cua
chuyén déng tinh tién uxvéi my=18 kg,
L1=0.7 m, h=0.92 m.
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Hinh 6. Tin hiéu ra goc banh ldi y1, goc
nghiéng ciia xe y2 va tin hiéu diéu khién
moment quay banh lai ui, dong ndng cia
chuyén dong tinh tién uavéi ma=36 kg,
L1=0.9 m, h=0.8 m.

So sanh diéu khién PD, khau b chinh bac
1 vai [3]

Trong [3], luat diéu khién hoi tiép trang
thai dung phan bd cuc dugce ap dung cho hé
robot xe dap dugc tuyén tinh héa vao-ra. Két
qua so sanh duoc trinh bay & bang 2 va bang 3.

Bdng 2.Goc banh lai yi=a

Bing 3.Goc nghiéng cua xe y2=p

Tuyén tinh | Tuyén tinh héa | [3]
héa vao-ra | vao-ra + Khau
+PD bo chinh bac 1
Sai s |0 0 0
xac lap
Thoi 5 3.9 5
gian
qua do
(s)
b6 vot | 16,66 17.33 20
16 (%)

Tuyén tinh | Tuyén tinh hoa | [3]
héa vao-ra | vao-ra + Khau
+PD bo chinh bac 1
Sai sd |0 0 0
xac 1ap
Thoi 4.2 4.5 4
gian
qua do
(s)
Do vot 24,66 33 5
16 (%)

Két qua cho thiy bo diéu khién PD va
khau bo chinh bac 1 1a tét va tuong duong
voi [3] (bang 3).

5 KET LUAN

Bai bao dé xuit hé théng diéu khién
robot xe dap dya trén phuong phép tuyén
tinh hoa vao-ra. Robot xe dap 1a hé phi tuyén,
da bién. Hai tin hiéu vao cua hé 13 moment
banh lai va dong nang. Hai tin hi¢u ra la goc
banh l4i va géc nghiéng cua xe. Hé thong
diéu khién dé xuét co hai vong diéu khlen
Vong diéu khién trong c6 nhiém vu tuyén
tinh hoa va phan ly h¢ robot xe dap thanh hai
hé thong mot dau vao mot dau ra. Vong dicu
khién ngoai la vong diéu khién tuyén tinh
duoc thiét ké dung phuong phap gan cyc.
Hai bo diéu khién ctia vong diéu khién ngoai
da dugc khao sat: diéu khién PD va khau bd
chinh béac 1.

Két qua mo phong da cho thiy ca hai b
diéu khién PD va khau b6 chinh bac 1 déu co
chat lugng danh dinh t6t, nhu 13 thoi gian
qua do ngan va do vot 16 bé. Hon nita, két
qua m6 phong cho thay rang hé thong diéu
khién co tinh bén viing dbi voi sai sé6 mod
hinh, nhu 1a tai trong va trong tam xe thay
d6i. Hai tin hiéu ra duoc diéu khién doc lap
nhau. Két qua mo phong dung diéu khién PD
va khau b chinh béc 1 1a tt va trong duwong
v6i két qua cua hoi tiép trang thai dung phan
bd cuc.
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