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Tom tit:

Xe hai banh dong truc 12 mot d6i tuong kho xac dinh duoc trong tdm dé giir thing bang, kho khin trong viéc
diéu hudng va diéu chinh téc do. Trong bai bao nay, md hinh hoa hé xe hai banh déng truc ty can bang va
thiét ké thuat toan Fuzzy-PID da duogc thuc hién. Thuat toan Fuzzy-PID duoc sir dung dé hiéu chinh hé s6
vé6i luat mo thich hop va duoc md phong théng qua Matlab Simulink. Cac két qua mo phong da chang minh
duoc tinh 6n dinh cao cua xe hai banh ddng truc tu can bang.

Tir khoa: Thuat toan Fuzzy-PID; DC servo; Con lic nguoc.

Abstract:

The coaxial two-wheeler is a difficult object to determine the center of gravity for balance, and it is difficult
to navigate and adjust speed. In this paper, modeling a self-balancing coaxial two-wheel xe system and
designing an appropriate Fuzzy-PID algorithm are performed. The Fuzzy-PID algorithm is used to calibrate
the coefficients with appropriate fuzzy rules and is simulated through Matlab Simulink. The simulation
results have demonstrated the high stability of the self-balancing coaxial two-wheeled vehicle.

Keywords: Fuzzy-PID algorithm; DC servo; Inverted pendulum.

1. Gigi thigu kho xac dinh duoc trong tdm. Trong qud trinh di
chuyén, dé xe hai banh dong truc tu can bang cé
thé duy tri mot van téc khong doi thi goc nghiéng
cua than xe luén giir chinh xac mot goc ¢ dinh.
Hon nira, khi dtrng yén, géc nghiéng than xe phai
gitr 6n dinh bang khéng. Do vay, thuat toan Fuzzy-
PID dugc thiét ké cho xe hai banh dong truc tu can
bang dam béao dugc tinh 6n dinh va giir thang bang
tot.

Ngay nay, robot la mét trong nhitng linh vuc cong
nghé tién tién mang dén cho nhan loai nhiéu dich
vy Va tién ich. O nhiéu linh vuc va khdng gian
khac nhau, robot di dong c6 banh xe sur dung linh
dong va phé bién [1]. Trong do, robot di dong hai
banh tu can bang la mét trong nhitng ung dung
dién hinh, duoc ldy cam hang tir hé thdng con lic
nguoC. Trong lugng nhe, kich thudc nhd, xoay
nhanh va kha _nﬁng co dgng cao la nhing wu di‘ém 2. Nguyén ly can bing ciaa xe md hinh hai
chinh cua Io\a_u xe nay. Tu do, xe pai ]aa’mh dong  pann

truc tu can bang duoc tng dung phé bién, dac biét . )

la véi nhitng khu vuc c6 nhidu dbi twong di  Viéc gitr thang bang cua xe ba bénh, bon banh la
do trong tdm nam ¢ bé mat chan d¢ cho cac banh
xe tao ra. Pac biét, viéc giir thang bang cua xe hai
banh 1a nho vao tinh chét con quay hdi chuyén khi
hai banh xe dang quay. Tuy nhién, trong tam cua

chuyén nhu cong vién, nha may [2].

Tuy nhién, xe hai banh déng truc tu can bang
¢6 tinh bt dn dinh, thing bing kém, phi tuyén va
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xe rat kho dé xac dinh va banh xe di chuyén khéng
kip thoi dé dap ing viéc gt thing bang.

Viéc giir thing bang dua theo nguyén tic didu
khién xe hai banh chay hudng cing chiéu véi
hudng nghiéng (hinh 1), cu thé:

(i) Khi tay 1ai duoc day nghiéng vé phia trudc
thi xe hai banh duoc diéu khién dé chay vé phia
trudce;

(ii) Khi tay lai duoc ddy nghiéng vé mot huéng,
xe hai banh dugc diéu khién chay vé huéng phia

13

Hinh 1. Nguyén tic diéu khién giir thiang bang.

Trong thuc té, do kha ning cam nhan va phan tng
thiang bang ciia mdi nguoi 1a khac nhau nén xe hai
banh dong truc ty can bang chi thiét ké cho mot
nguoi st dung. Mic du, xe hai banh dong tryc ty
can bang c6 nhiéu vu diém nhu giam 6 nhiém moi
trudng va tiéng on, linh hoat sir dung trong nhiéu
moi truong, dia hinh khéc nhau, dé dang sir dung
va gi4 thanh thap. Tuy nhién, yéu cu dé thiét ké
va diéu hudng xe khi di chuyén vai van toc cao va
ding lai tai vi tri mong muén gap nhiéu thach
thirc. Nguyén nhan chinh 1a do céc yéu t6 nhu mo
hinh phi tuyén bac cao, cac thugc tinh cua xe
khéng 6n dinh va hién tugng nhidu xen kénh phat
sinh tir cac hoat dong cua dong co. Hon nira, trong
thyc té, md hinh xe hai banh dong truc tu can bang
la m6 hinh bat dinh. Cu thé, md hinh nay cé thé
khong dugc mo ta va do luong tinh toan trudc, cac
tham s, thong sb ciing thay ddi mot cach thuong
xuyén nhu toc do, huéng, ma sét,...

M6 hinh xe hai banh dong truc ty can bang khi
&p dung thuat toan PID di mang lai tinh 6n dinh
cao hon, cin bing va diéu huéng tot hon. Thé
nhung, thoi gian dap ung caa mo hinh van con
cham, do vot 16 so véi vi trf mong mudn ding lai
Van cao.
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2.1. M6 hinh toan hec

M hinh va hé quy chiéu cia hé thdng didu khién
t6i uu cho xe hai banh ddng truc tu can bang dugc
mo ta tai hinh 2 [3].

"

-

(@) M6 hinh xe.

x X Xy

(b)Hé quy chiéu goc nghiéng xe.

X

(c)Hé quy chiéu tir trén xudng.
Hinh 2. M hinh va hé quy chiéu.

2.2. Thuat toan Fuzzy-PID

M6 hinh tuyén tinh cia xe hai banh phi tuyén Ia
khéc nhau theo timg diém lam viéc. Bé khic phuc
diéu nay, can thiét sir dung bo diéu khién mo dua
trén co ché suy luan mo Takasi-Sugeno [4]. Trong
do, tng dung luat diéu khién PID tng véi ting
diém lam viéc.
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Hinh 3. B diéu khién md Sugeno.

Céc théng sb duoc sir dung trong bo didu khién
tuyén tinh nhu sau:

Kd = (Kdmax - Kdmin)Kc’i + Kdmin (1)

Kp = (Kpmax - Kpmin)K;; + Kpmin (2)
Véi [Kpmin; Kpmax] va [Kdmin; Kdmax] dlIQ’C Xac
dinh truéc khoing K, K, tuong ng. Thuat toan
Fuzzy duoc sir dung trong bai bao nay vai su két
hop suy luan mo loai Takagi-Sugeno [3].

Thuat toan Fuzzy-PID lay sai s6 va ty Ié thay
doi sai s6 dé lam thong s6 dau vao cho bo diéu
khién. Thanh phan vi phan gidp cho hé thong phan
{mg nhanh hon véi nhitng thay doi sai léch theo
thoi gian. Bo diéu khién PID c6 bo cac thong sé

thay d6i dua vao diéu kién lam viéc théng qua
cong thic (1) va (2). N6i cach khac, cd thé xem bo
diéu khién mo 12 bo giam sat thay di cac thdng sé
caa by didu khién PID thich hop véi timg diém
lam viéc.

3. M6 phéng xe hai banh ddng truc tw can bing

3.1. M6 phong so sanh thuat toan PID va
Fuzzy-PID

Vé6i md hinh todn hoc va hé phuong trinh tuyén
tinh hda phan tich & trén, xe hai banh dong truc ty
cdn bang dugc md phong théng qua khéi
Subsystem (hinh 4), so d6 két ni chi tiét bén trong
(hinh 5) va so d6 diéu khién tong quéat sir dung
thuat toan Fuzzy-PID (hinh 6).

Thyc hién md phong xe hai banh ddng truc ty can
bang véi cac thong sé nhu bang 1 va bo goéc
nghiéng than xe nhu sau:
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Hinh 4. Khoi Subsystem md hinh xe. Hinh 5. So d6 két ndi chi tiét.
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Hinh 6. So d6 khdi thuat toan Fuzzy-PID xe hai banh dong tryc tw can bang.
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Bang 1. Thong s6 md phong [4].

Théng s6 Gia tri Pon vi Y nghia
m 0.01 Kg Khéi luong béanh xe
M 1.2 Kg Khdi luong xe
H 0.112 m Chiéu cao xe
w 0.170 m Chiéu rong xe
Jm 5*10% Kgm? Moment quéan tinh dong co
Kb 0.0187 Vs/rad Hé s6 EMF caa dong co
T 0.004 S
L 0.08 m Khoang céch tir trong tam xe dén truc
D 0.055 m Chiéu ngang xe
Jw (M*R?)/2 Kgm?
Kt 0.01 Nm/A Moment xon ciia dong co
R 0.033 m Ban kinh banh xe
fm 0.1 Hé s6 ma st banh xe va dong co
fw 0.1 Hé s ma st banh xe va mit duong
Rm 4.2 Q bién tré dong co
N 30 Ty s6 giam toc
G 9.81 m/s? Gia tc trong truong
a n.KtRm
peta n.Kt .Kb/Rm + fm
\]psi (MLZ)/B Kgm2
Joni M.(W2+D2)/12 Kgm?
oal f f f f ]
ik | | | | |
B F (—s|
201 -
02 | | | | |
0l T T T T T 1
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E 0.2 phi
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nl T T I T T 1
] 05 m
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Hinh 7. Gia tri goc quay than xe la 0.2 (rad) va gc nghiéng la 0 (rad).
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V6i Kpmin = 4; Komax= 8; Kamin = 0.2; Kdmax = 0.6; Ki
= 8, két qua md phong xe hai banh dong truc tu
can bang tai vi tri can bang (hinh 7). Két qua md
phong xe hai banh dong truc ty can bang tai vi tri
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Hinh 8. Gia tri géc quay than xe la 0 (rad)
va géc nghiéng than xe la -0.4 (rad).

02

plot of y vs. Time

khac 0 nhu hinh 8 va hinh 9. Thuc hién thu
nghiém bo diéu khién PID cho gdc nghiéng than
xe Véi cac thong sb tai bang 2, két qua cu thé ¢
hinh 10.

1 15 2 25 3 35
Time (sec)

Hinh 9. Gia tri gbc quay than xe la 0 (rad)
va géc nghiéng than xe la 0.4 (rad)
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Hinh 10. So sanh géc nghiéng than xe gitra hai bo diéu khién.

Bang 2. Thong s6 thir nghiém géc nghiéng than xe.

Hé sé PID PID1 PID2 PID3 PID4 PID5 PID6 PID7
K, 4 4 8 8 6 6 6
Ky 0.1 0.6 0.1 0.6 0.35 0.35 0.35
Ki 8 8 8 8 8 7 9
Béng 3. So sanh thuat toan PID va Fuzzy-PID.
Pép ing PIDI PID2 PID3 PID4 PID5 PID6 PID7 FuzzyPID
Pyvotlé(rad) 008  0.06 013 0025 0031 0015  0.02 0.01
Théi gian 11 16 15 27 1.8 17 1.6 06
qua dj (s)
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Duya vao két qua mod phong ¢ cac hinh 8, 9 va 10
va két qua danh gia do vot 16 va thoi gian qua do
tai bang 3, 6 thé thiy cac bién didu khién ¢ ngd ra
nhu goc nghiéng than xe, goc quay than xe dap
ing tot Vi cAc gia tri dat. Tuy nhién, khi st dung
bo diéu khién PID, c6 thé thay rang thoi gian qua
3.2. Thuc hién md hinh

LEFT DC SERVO
MOTOR

DC POWER (H-bridge) > Motor
5VDC ->Encoder

Rotary encoder signals

d6 cham hon, d6 vuot qua va sai sé xac lap lon. Bo
diéu khién Fuzzy dua vao da tdi uu, thoi gian qua
d6 nhanh, dap Gng nhanh va dao déng gdc can
bang gan nhu bing 0. Piéu ndy cho thay hé hoat
dong 6n dinh hon khi str thuat toan Fuzzy-PID.

HCO5
BLUETOOTH
MODULE

UART Signals
5VDC

ARDUINO
MOTOR
SHEILD L298N

LM2596S
(On 4p nguon)

Motor control
‘ Signals, 5VDC \

‘ 12VDC\

ARDUINO

MEGA 2560 VIPUE0%0

12C signals
(Psi angle)

5VDC >Encoder

LIPO BATTERY
14.8VDC

RIGHT DC
SERVO MOTOR

DC POWER (H-bridge) > Motor

Rotary encoder signals

UART Signals,
5VDC

PC

Hinh 11. So d6 két ni phan cing xe hai banh déng truc ty can bang.

Viéc st dung cac module Arduino va cach
module tich hop ¢ sin 1am cho thiét ké va thi
cong xe hai banh ddng truc ty cin bang tré nén
dé dang hon (hinh 11-13). Pé xe hai banh dong
truc tu cAn bang 6n dinh goc nghiéng than xe,
viéc hiéu chinh dya vao thuat toan Fuzzy-PID.

a8

& b (ead)

Time (sec)

——angle_fuzzypid angle

Hinh 13. Dang song géc nghiéng than xe.

pid
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4. Két luan

Trong bai béo, xe hai banh dong truc tu can
bang voi thuat toan Fuzzy-PID di duoc tién
hanh md phong trén Matlab Simulink. Pdong
thoi, mo hinh nay ciing duoc thiét ké va ché tao
dwa vao cac module Arduino. Két qua ciia mo
hinh dua ra da minh chung dugc cac uu diém
nhu thoi gian qua do nhanh, dap ung nhanh va dao
dong goc can bang gan nhu bang 0. Cac két qua
nay cho thiy hé xe hai banh dong truc ty can bang
hoat dong 6n dinh hon khi st dung thuat toan
Fuzzy-PID.
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