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PIEU KHIEN ON PINH CHO ROBOT HAI BANH TU CAN BANG

STABILIZING CONTROL FOR
TWO-WHEELED SELF BALANCING ROBOT

Hb Pic Loc', Nguyén Hung', Truong Ngoc Son®
Truwong Pai Hoc Ky Thudt Céng Nghé Tp.HCM'
Truong Pai Hoc Suw Pham Ky Thudt Tp.HCM2

TOM TAT

Bai bdo trinh bay thiét ké bo diéu khién én dinh cho robot hai banh tw cdn bang ding ky
thudt diéu khién LOR va diéu khién truot. Robot hai banh tw cdn bdng dwoc mo hinh nhw hé
con ldc nguoe di dong. Robot dwoc cdu tao gom thin robot gin trén hai banh xe dong truc
truyén dong bang hai dong co DC riéng ré. M6 hinh dong luc hoc phi tuyen cho hé thong
dwoc dan xudt. B diéu khién trieot va bé diéu khién LOR duoc thiét ké dé gitk cdn bang cho
robot trong trang thdi can bang dwa trén mé hinh dwoc tuyén tinh héa ¢ diém can bang. Két
qud mé phong cho thdy bé diéu khién dwoc thiét ké cé thé ddp vmg yéu cau dat ra cia hé
théng. B¢ diéu khién truot cho thcfy tinh on dinh bén vitng cao hon bo diéu khién LOR khi h¢
théng c6 nhiéu ngodi. Két qua tién hanh thwe nghiém ciing chitng minh tinh én dinh cdn bang
va hiéu qua cua cdc bo diéu khién dua ra.

ABSTRACT

The paper proposes controllerdesign for two-wheeled self balancing robot based on LOR
and sliding mode control. Two-wheeled self balancing robot is modeled as an mobile inverted
pendulum system.It is composed of an inverted pendulum and a chassis with two coaxial
wheels.The sliding mode controllerand LQORare designed to stabilize the robot at upright
position under straight-line motion. The designed controller stabilizes the robotbased on the
linearized model. The simulation results are presented to show the effectiveness of the
proposed controllers.The sliding mode controller is more stablized than the LOR in case of
external disturbances. The experimentresults show that the LOR and sliding mode controller
provide the ability to keep the robot uprightfor a long time.

Tir khoa: Robot hai banh tw cdan bdng, diéu khién truot, diéu khién LOR, con ldc nguoc di
dong.

1. GIOI THIEU dat trén trong tam cua hai banh xe. Van dé

Robot hai banh ti cin bang da cho thay
nhiéu Ung dung trong cudc séng va trd
thanh d6i twong cta cac nha nghién ciu,
cac k¥ su va nhitng nguoi dam mé robot.
Robot hai banh tu cin bang dugc mé hinh
nhu moét hé con lac ngugc di dong[1].
Robot dugc cdu tao gdm phan than robot va
hai banh xe dong truc truyén dong bang hai
dong co DC riéng r& [1]. Dé giit thang bang
cho robot, mot by xur 1y doc cac tin hi¢u
cam bién, thong qua qua trinh tinh toan, tin
hiéu diéu khién duoc goi dén hai dong co
dé diéu khién robot di chuyén vé sau hay
trudc sao cho trong luong cua robot luén

cdn quan tdm 13 bai toan didu khién can
bang cho robot khi di chuyén trén cac dia
hinh khac nhau. D3 c6 nhiéu giai thuat diéu
khién da duoc cong bd va tién hanh thuc
nghiém nhu: diéu khién PID [2], diéu khién
bang phuong phip Logic mo [3], mang
noron nhan tao [4]. Bai bdo nay ap dung bo
diéu khién trugt va LQR dé diéu khién 6n
dinh cho robot. Ca hai by diéu khién dugc
thiét ké dya trén mo hinh hé théng da duoc
tuyén tinh hoa. Két qua cho thiy b didu
khién truot c6 uu diém 1a hoat dong tét d6i
v6i cac nhiéu tic dong vao hé thong.



2. MO HINH DPONG HQC CUA
ROBOT HAI BANH TU CAN BANG
Hinh 1 md t& cac luc tac dung 1€n robot
hai banh ty can bang. M6 hinh robot hai
banh ty cin biang bao gdbm mé hinh con lic
nguoc dugc gin trén khung véi hai banh xe
ddng truc. Ta xét md hinh robot dam bao
hai banh xe luén tiép xtc véi mat duong va
lan khéng trugt. Robot c¢6 thé xoay quanh
truc z vGi goc xoay 6, va van tdc goc twong

Bang 1. Cac thong sb ciia mo hinh
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tmg 0,. Chuyén dong tinh tién cia than

robot dugc mo ta bdi thong so vi tri x. va

van téc x,. Than robot khong di chuyén
theo huéng z. Thay vao d6 robot cé thé
xoay quanh tryc y voi gbc xoay tuong ung
1a 5 va van tdc goc 1a &. Nhiing thong sd
mo hinh cua robot tu can béng duogc dinh
nghia trong Bang 1.

Ths%ng Pinh nghia Pon vi
0 » Goc nghiéng [rad ]
o Goc xoay [rad ]
Moment quan tinh cua 2
JRL banh xe [kgm”]
M, Khdi lugng banh xe [kg]
J Moment quan tinh cua con 2
r lac ngugc quanh truc z [kgm®]
J s hfloment qudn tinh cua con [kgmz] Hinh 1. Lyc tac dong 1én robot hai banh ty can
lac ngugc quanh tryc y b
e B ang
MP Khoi lugng con lic nguge [4g] 2.1. M6 hinh dong luc hoc banh xe
R Bin }‘mh lfanh X [m] M6 hinh banh xe dugc dat trén mat phang
I XKeh?g;g tfgflh ttgntlarcrz)falr;}cl (m] nghiéng so voi mit phing ngang mot goc o .
ngugc s Chon phuong chuyén dong x trung vd&i maét
D Khoang cach giita 2 banh (m] phang nghiéng. Ta c6 phuong trinh luc tac
Xe dung l1én banh xe nhu sau:
x, | VI i con e mguge |y g s b — vt sovaf,, -snd-snagrt, (1)
e N 3 Phuong trinh can bang m6 men:
g Gia toc trong truong [m/s”] .. 2
r Luc tac dong vao banh xe [ Nm ] Oue e =7, _HTLRq . 2)
L>"R | tr4i va phai " Bé&i vi chuyén dong tinh tién xdy ra & tim
X, X ) , . cua banh xe. Chuyén dong quay cua n6 co thé
RLO>“"RR 1 ba A 3 3 2 T2 . ¥4
Vitri banh xe trdi va phai (] duogc chuyén thanh chuyén dong tinh tién nhu
H,,H, sau: o
Phan lyc gilta banh xe . ; .. 3 5 X
; , = R = Rby, = Gy, =120
vy trai/phai va con lac ngugc [N] Fao ro = Fao ro = Cuo
L>"R Tu phuong trinh (2) va (3) ta c6 phan lyc
Orr0>Ori G‘(')ch)i(')ay ctia banh xe trdi | s theo phuong ngang la:
vapial TR TR N A '8 (4)
f f Nhiéu lyc tac dong lén L= p R RV R p2TRO
dRL>JdRl trong tdm banh xe trai va [N]
%T{ e Thay phuong trinh (4) vao phuong trinh (1)
icu v fheo phuong ta c6 phuong trinh dong luc hoc cua banh xe
fdPcha ngang va phuong thang [N] \e
dung tac dong 1én con lic phai:
nguoc




(M,, +%jjé”° =-cosaH, +%+cosafm
(5)

—sinaV, - M gsina

Phuong trinh dong luc hoc cho ca hai
banh xe:

2;;* j Xppo =—cosa(H, + H,)+—+—*% L+T (6)

+cosa(fyp + fire) —sina(V, + VR)—2M,,gsma

(ZM, +

2.2. M6 hinh déng lwc hoc con lic nguoc
Phuong trinh luc tac dung theo phuong
ngang thu dugc tir Hinh 1.
XM, =(Hg+H)+ fyp (7)
Mdi twong quan cua gia toc trong luc
¥,cua con lic voi gia toc theo phuong
ngang % dugc biéu dién nhu sau:
X, = épL cos®, — Lsin Hp.é?pz +X, (8)
Méi twong quan cua gia toc theo phuong
ngang va gia toc nghiéng cua than
robotduge biéu dién nhu sau:
X, =cosa-X, 9)
Phan luc theo phuong ngang tir phuong
trinh (7) va (9) duoc viét lai:
(H,+Hp)=X,M,—f,
=(0 Lcos@ —Lsin, 0> +%)M - f,,
=0 LcosO M, —Lsin, 0°M
+eosak, .M, ~ f,
Phuong trinh Iyc tac dung theo phuong
gia toc ¥,

(10)

$ M, =V, +V,~M g+F, (11)
Méi tuong quan gilta gia tbe theo

phuong thang ding cuia con lic va gia toc

goc nghiéng cua than robot dugc thé hién

nhu sau:

Vp =7t.9.pLsint9p7Lcost9p~9p2+sina-jér0 (12)
Thay phuong trinh (12) vao phuong

trinh (11), phan lyc theo phuwong thing

ding la:

Vet+V, =M 3, sina-M, Ls1n¢9¢9 (13)

-M,L- Hp cosf,+ M ,g—F,
Thay thé phan lyc theo phuong ngang va
phuong dung trong phuong trinh (6) ta
dugc phuong trinh cho gia toe %,
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2Jg ... --
M, +M , + RZR )i, =—M ,Lcos(0, +a)0,

+M ,Lsin(6, +a)9p2 -(2M, +M ,)gsina (14)
X T + TR
R

Phuong trinh mé men cua trong tdm con
lic nguoc:
6J, =W, +V,)Lsin6, (15)

—(Hy+H,)LcosO,—(r, +7,)

Thay thé phan lyc theo phuong ngang va
phuong dimg trong cong thie (15), phuong
trinh (15) ¢6 thé dugc viét lai:

(J, +M, )0, =M ,Lcos(8, + )i, (16)
+M,gLsin6, —(z; + 1) —FryLsing, + fpLcosd,

Tuyén tinh cac phuong trinh trén véi goc
léch 6,,a tuong dbi nhé nhu sau:
sin@, =0 , cosf, =1, sina=a, cosa ~1, (]7)
sin(0, +a)~ 0, +a, cos(d, +a)~1, (6,)’ ~0

Ta thu dugc md hinh tuyén tinh cua
robot hai banh ty can bang nhu sau:

+(fap + Sure + furr) COS @ + Frg sina

(21\4 M, %}c,{, =M LoV +M) ga%ﬁe (18)
+EoSNaH fopt fop o)
(Jp-%—MpLZ)é.’.p =—MpL;Cro-*-M/,,glgl,7 (19)

(7, +78) = Fepl, + fypL
Phuong trinh m6 men ctia con lac ngugc
quay quanh truc y la:

857, =(H, —H,e)g (20)
- 1) @D
(M, +9M,)RD

Sip xép cac phuong trinh trén, tuyén
tinh héa xung quanh diém lam viéc tinh
(%0=0, §,=0, 6=0). Phuong trinh trang thai

cua hé thong c6 thé dugc viét dudi dang ma
tran sau:

(%, 1[0 1 0 0o | 0 0]x,
¥ol |0 0 4, 0 | 0 0],
6,1 100 0 1 | 0 0|6,
6, 1=[0 0 4, 0 | 0 0|6,
) 0 0 0 | 0 I
6] 00 0 0 | 0l & |
fo 0] [0
B, 0 d,
0 0 |z, +7, 0
+ B, 0 {————] d,
e
0 0 0
o B o (22
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Trong do:

M
_ 4 M, _8
A23_g[1_§l“7]’ 43 X

Y
L, B4=—;

4LY 1 6
2 Z[sX_MpL]’ 5o = om, + a1 )rD
LM rRMOL M,

3 M, +3M, (M, +3M)R "L

_ —4g(2M, +M ) 3g2M, + M)

Mo hinh dong luc hoc cho robot hai
banh ty can bang co thé duoc mod ta bai
phuong trinh téng quat sau:

X=Ax+Bu+D, = Ax+B(u+D,) = Ax+ By, (23)
voi
BD, =D,

D, =(B'B)"'B'D, = — {Bzdz +B“d“} (24)

B, +B; 0

3. THIET KE BQ PIEU KHIEN
3.1. Thiét ké b diéu khién LQR

B6 diéu khién LQR duoc ap dung cho hé
théng tuyén tinh dugc cho bdi phuong
trinh:
x = Ax(t) +Bu(t) (25)
x(0) = x,

Muc tiéu la thiét ké cac bo diéu khién
nham cuec tiéu chi sb ning luong:

J= %T[x'(t)Qx(z) +u' () Ru(t) Jit (26)

Luéat diéu khién cho LQR duogc chon nhu
sau:

u=—R"'B Px (27)

Trong d6 ma tran P=P>0 dugc xac
dinh 12 nghiém cta phuong trinh dai sb
Ricatti:

0=PA+AP—-PBR'BP+Q (28)

Két qua xac dinh dugc ma tran hoi tiép
trang thii K =R"B'Pcua hé thong diéu
khién. So d6 khoi cua b dieu khien LQR
dugc mo ta trén Hinh 2.

Hinh 2. So db khéi bo diéu khién LQR

Ké‘g qua m6 phong dap ung he théng cho
by dieu khién LQR dugc trinh bay trén
Hinh 3 va Hinh 4.

bip ing hé thdng diéu khi€n LQR

ntde gée[rad/s]
°
=

s

L \/

I I R A )
Thai gian [s]

Hinh 3.Dap uing ctia bd diéu khién LQR khong

c6 nhiéu

Dip ttng hé thdng diéu khién LQR vdinhidu

13
Y

-0.6f

-0.8

Vi trilm],Van t6¢ dai[m/s],Géclrad],Vin tdc géclrad/s]

N

. , . , ,
5 6 7 8 9 10
Thdi gian [s]

Hinh 4.Dép (mg ctia bd diéu khién LQR c6
nhiéu
3.2. Thiét ké bd diéu khién truot
Mat truot s duoc chon sao cho:

S
o
w
IS

lims"$ <0 (29)
Nghia la s dugc chon théa man:
$= % =—gsgn(s) (30)
Vo1 >0

Ly vi phan phuong trinh (30) theo thoi
gian va két hop voi (23) ta dugc:

s= B _s® _gAx+Bu+D,) (31)
dt — dt
Tt phuong trinh (30) va (31) ta dugc:
$ =SAx +SBu + SD, = —&sgn(s) (32)

Luat diéu khién truot dugc thiét ké nhu
sau:
u=—(SB)"'(SAx +SD, +&£sgn(s)) (33)
Két qua mo phong dap tng hé théng cho
bo diéu khién truot duoc trinh bay trén
Hinh 5 va Hinh 6.



Pip ng hé théng diéu khién trugt
T T T

o
Y

Vi ui
Van tdc dai ]
Géc
F\ Vin t6c géc [

o
=

o
)

o
T

d],Vin t6c gée[rad/s]

S S S S
©® > 0 N

Vi trilm],Vén t6c dai[m/s] .G c[ra
T T

i

L L L L
6 7 8 9
[s]

Hinh 5. Pap g cta b djéu khién truot khong
¢6 nhieu

.
5
Thai gian

L
4

o

10

Dip ting h¢ thong diéu khién gt v6i nhidu
T T T T T

Vi tri[m],Van t5c dai[m/s].Géc[rad],Van t5c géc[rad/s]

. . . . .
5 6 7 8 9
Thasi gian [s]

.
4 10

Hinh 6. Pap tmg cia bo diéu khién truot c6
nhiéu

Két qua m6 phong cho thdy ca hai bd
diéu khién déu dua cac bién trang thai vé
gié tri 0 sau khoang thoi gian 5s. D6i véi bo
diéu khién LQR hé théng khong 6n dinh
khi bi tic dong ciia nhidu ngoai. Doi véi hé
théng st dung bo diéu khién truot céc
biéntrang thai dao dong quanh diém cin
bang. Tinh 6n dinh bén vimg cta bo diéu
khién truot cao hon bo diéu khién LQR
ngay ca khi hé thong c6 nhidu ngoai hoic
su khong chic ciia thong s6 mé hinh.

4. THI CONG MO HINH THUC
NGHIEM

Robot thyc nghiém duogc thiét ké gé)m 2
phan: phan co khi va mach diéu khién.
Phan co khi robot bao gdm 2 phan: than
robot va 2 banh xe dong truc. Cam bién
encoder dugc lip co tryc song song voi truc
dong co va dugc truyen dong tur dong co dé
do vi tri dich chuyén va tinh van tc dai. Bé
xac dinh goc nghiéng bang cach dung mot
encode v&i mdt thanh kim loai gén lén truc,
dau con lai cua thanh kim loai ti xuéng mat
tiép xtic. Trong giéi han goc nghiéng nho
c¢6 thé xem goc léch cia encode nay dong
dang véi voi nghiéng ctua robot. Mo hinh
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thuc nghiém cua robot dugc trinh bay trén
Hinh 7.

Hinh 7. M6 hinh thyc nghiém
Céc thong sb ciia mé hinh:
Mp=2.45 (Kg), Mr=0.25 (Kg), L=0.1
(m), R=0.042 (m), D=0.26 (m).
So d6 khdi hé thdng diéu khién dugc
trinh bay trén Hinh 8.

Encoder-V| Tri Vitri, van téc 3 ul ";. Céng Suat
j [ v| BCTrsi
Vi Biéu Khién
) i .| Céng sudt
Encoder_Géc Beenghiéngvantde uZ i pcPhai
’| ‘|\— ~..
| Ngudn Cung Cép

Hinh 8.So dd khdi hé thong diéu khién

Chuong trinh diéu khién dugcexay dung
trén cong nghé vi diéu khién ATMEGA32.
Vi diéu khién doc cac gia tri cam bién sau
do6 thuc hién qua trinh tinh todn theo giai
thuat dinh trudc, sau d6 giri tin hiéu didu
khién dén hai dong co c6 gin encoder.

Két qua thyc thi chuong trinh:

- Robot dat trang thai can b?mgén
dinhkhi st dung phuong phap diéu khién
LQR va diéu khién truot.

- Dao ddng xung quanh diém cin bang
khoang 5 do.

5. KET LUAN

Bai bao di dua ra hai b diéu khién LQR
va diéu khién truot cho robot hai banh tu
can bang. Cac két qua mo phong va thyc
nghiém cho thiy sy hiéu qua cua ching,
dic biét by diéu khién truot on dinh bén
vitng hon trong trudng hop hé thng bi tac
d6ng ctia nhidu ngoai. Két qua cho thy kha
ning ap dung cac bo diéu khién nay cho hé
thong tmg dung trong thuc té.
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