Tap chi khoa hoc Truwong Dai hoc Bac Liéu
BLU Journal of science

ISSN: 2734-973X

86 2(12), 64-73 (2023)

TAP CHf

KHOA HOC

TRUGNG DAI HOC BAC LIEU

TRUONG BAIHOC BACLIEU 502
Ock 22023
LS

X4y dung bd diéu khién mo cho hé béng trén banh xe
Development of a fuzzy controller for a ball-on-wheel system
Nguyén Ngoc Anh, Huynh T4n Khéi*, Nguyén Thuin Phat, Ly Nhat Thing, Lé Nguyén Truong

Phiic, Nguyén Quéc Huy, Nguyén Lé Anh Tuin, Pham Nhit Anh Khoa, Nguyén Thanh Trong,
Huynh Phuéc Bao

Truong Pai hoc Su pham Ky Thuat TPHCM
" 19151143@student.hcmute.edu.vn
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24/ 1 0/2 033 o In this study, we focus on ball on wheel system as a standard nonlinear model which
Ngay chap nhan dang:  peeds to be examined in laboratories. An experimental model was presented through
27/11/2023

using a control board STM32F4. However, with unknown system parameters, fuzzy
algorithm was suitable as a control method which was based on experiences of
experts. The process of building fuzzy controller was shown and this controller was
tested on an experimental model. Experimental results prove that fuzzy controller
works well. Thence, this real model platform is useful in researching intelligent
control in laboratories..
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TOM TAT

Trong nghién ciru nay, nhom tac gia huong den doi tweong bong trén banh xe (Ball-
on-Wheel —BoW) nhw mét mé hinh phi tuyén chudn can khdo sdt trong phong thi
nghiém (PTN). Mot mé hinh thuc nghiém dvwoc gioi thiéu thong qua viéc sw dung
board diéu khién STM32F4. Tuy nhién, véi thong s6 mé hinh chwa dwege xdc dinh,
gidi thudt mo dwoc xem xét la gidi thudt phu hop nhw ap dung kinh nghiém chuyén
gia. Qud trinh xdy dung b diéu khién (BPK) mo dwoc trinh bay va thir nghiém trén
mo hinh thuc nghiém. Két qud thyc nghiém chirng minh BDK mo hoat dong 16t
Va, nén tang phan ciing la phit hop cho cdc nghién citu vé diéu khién théng minh
(PKTM) vé sau ¢ PTN.

Tir khéa: hé thong phi
tuyén, béng trén banh
xe, gidi thudt mo,
STM32F4.

1. Gié6i thiéu nhiéu dang mo hinh khac nhau. Trong nghién
cuu nay, ching to6i gidi thiéu md hinh thuc

nghiém BoW (Willson, S.S. et al, 2012, pp.

Bén canh cac mé hinh chuan thong dung
nhu con lic nguoc quay (V6 Anh Khoa va cong

su, 2018, trang 32-40), bong thanh (Thi-Thuy
Hoang et al, 2021, pp. 03-08),.., cac mo6 hinh
chuan khac ciing dang din dugc xem xét dé
phong phi hoa, tao diéu kién cho céc sinh vién
(SV) ¢6 diéu kién tiép xtc va nghién ciru véi
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1271-1278) nhu mot hé thong phu hop cho cac
nghién ctu DPKTM trong PTN diéu khién tu
dong (BKTD). Mot mo hinh BoW da duogc thu
nghiém thanh cong dua trén giai thuat PD (Vo
Dinh Tuin va cong su, 2023, trang 125-132).



Trong nghién ctru do, giai thuat PD 1a phu hop
dé khic phuc tinh trang thiéu thong tin vé thong
s6 va mo hinh toan ciia mé hinh thuc nghiém.
Tuy vdy, board diéu khién trong nghién ciru
do6 la Arduino. Viéc lap trinh C dé mé ta cac
giai thuat DPKTM dé diéu khién cac hé thdng
1a rat phuc tap. Matlab c6 hd tro cac cong cu/
khdi dé thuc hién cac giai thuat thong minh,
tiét kiém cong strc 1ap trinh cho ngudi nghién
cuu. Nhung, viéc nhing Matlab cho Arduino
rat han ché do cong ddng chua phat trién manh.
DPong thoi, téc do xur 1i cua Arduino 1a cham
va tai nguyén bd nhd cua Arduino 13 rit han
ché. Trong tai liéu (Thi-Ai-Van Nguyen et al,
2023, pp. 36-42), Matlab da nhing dugc thanh
cong giai thuat PID cho 10 nhiét. Tuy nhién,
m6 hinh 10 nhiét 14 moé hinh c6 thoi gian lay
mau chim nén qua trinh tinh toan cta Arduino
kip trong thoi gian 1ay mau. Do d6, mot nghién
ctru xdy dung va kiém chtng thuc nghiém déi
voi nhung Matlab mdt giai thuat PKTM cho
mdt vi diéu khién khong qua méc tién, tao nén
tang thuyc nghiém PKTM cho mé hinh chuin
& PTN, 1a cin thiét. Trong nghién ctru nay,
hé BoW duogc gia dinh la hé mot vao- mot ra
(single input- single output —SISO) téc do cao

véi ngd vao 1a dién ap cap cho dong co, ngd ra
la vi tri qua bong. Giai thuat thong minh thong
dung nhét - giai thuat mo dugce thiét lap truc
tiép thong qua kinh nghiém ciia chuyén gia van
hanh - dugc nghién ctru 4p dung cho mo hinh
nay.

2. M6 hinh thyc nghiém

M6 hinh thyc nghiém dugc thé hién &
Hinh 1. Phéan cung nay da duogc cai thién trén
co s& md hinh cii ¢ tai liéu (V6 Dinh Tuén va
cong su, 2023, trang 125-132). Trong mo hinh
ndy, hai thanh nhém duoc st dung dé giit cho
hé thong 6n dinh va gin dong co nisca. Bén
canh banh xe bén trai, mot thanh nhém dugc
thém dé dit cam bién khoang cach, dam bao
rang cam bién nay ddi dién truc tiép véi qua
béng ma chung t6i mudn duy tri thing bang.
Duéi day moé hinh mot tim gd duoc st dung
dé cb dinh cac thanh nhom va thiét bi dién can
thiét. Trong du 4n nay, qua béng tennis dugc
lya chon dé su dung lam vat thu nghiém can
bang vi qua bong nay c6 khdi lugng phut hop va
c6 sin dé dang trén thi truong. Pong thoi, no
cling c6 thé duoc thay thé mot cach tién loi néu
can. Vi xtr 1y dugc diung 1a board STM32F4 vi
tdc do xir 1y tbt va gia thanh hop 1y.

Hinh 1. M6 hinh thuc nghiém

Giai thich cac thanh phan thiét bi ¢ Hinh 1:
1- Ngudn cip nguodn to ong 24V-10A
2- Board diéu khién STM32F4
3- Board mach cau H HI216
4- Qua bong tennis
5- Bénh xe bang nhya in 3D
6- Cam bién khoang cach hong ngoai
SHARP GP2Y0A21YKOF
7- Nhom dinh hinh
DPdng co NISCA 24VDC
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Céu trac phan cung thuc nghiém:
Hinh 2. So' d khi h¢ thong

SG PO KHOI HE THONG

CAM BIEN

NGUONTO
ONG

Emmmma VACHCONGSUAT

Mo ta két ndi thiét bi phan cting ciia hé BoW dugc mé ta ki hon ¢ Hinh 3.
Hinh 3. So' @ phan ctng va diéu khién ciia hé
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3. Giai thuat diéu khién

3.1. Cau tric dau vao, dau ra cua hé

Céu trac cua hé théng thuc nghi¢ém hé
thong BoW bao gom 1 dau vao va 1 dau ra. Pau

thong vao la tin hiéu dieu khién dong co. Pau ra la gia
tri khoang cach tir cam bién dén qua bong.
Hinh 4. Cau tric dau vao dau ra cia hé thong
Khoi thiet 1a 5i qiao tié
ap Khoi giao tiep
Waijung: 18.11a
Compiler: GNU ARM ‘ oo
MCU: STM32F40TVG sngle > single
Auto Compile Download: ON Module: USART3_Tx
Full Chip Erase: ON Packet: A§cn
Auto run app: ON Transfer: Blocking
Execution Profiler: None Ts (sec):-1
0 Base Ts (sec): 0.01 —»  single single
Module: USART3_Setup UART Tx
Baud (Bps): 115200
DMA Buffer: 512/-
Tx/Rx Pin: D8/-
UART Setup
16 P o I N 2 7
Khoi dieu khien dong co Khoi doc gia tri khoang cach
Timer: 4
Ay ADC Module: 1
- b [u] CH1 (D12)P2‘::g%eic)tg%£g; Output Data Type: Double AN9 g —f:. result >
tin hiéu diéu khién Ts (sec): -1 Jfoeck o khoéng cach
¢ gié trj adc sang khodng cach
Basic PWM
Port: D
u »p Speed (MHz): 100
& ! el Type (PP/OD): Push Pull
Ts (sec): -1
Chon chiéu quay @
Digital Output

Giai thich Hinh 4:

Khoi thiét 1ap: Bao gom khdi cai dat vi
diéu khién STM32F407VG va khdi cai dat giao
tiép UART.

Khdi giao tiép: Bao gom cac khdi ép kiéu
gia tri Single (dé c6 thé truyén thong qua cong
UART) va gui gia tri UART Tx.

Khbi doc gia tri khoang cach: Bao gom
khéi doc ADC va ham chuyén d6i gia tri ADC
sang khoang céch.

Khbi diéu khién dong co: Bao gom khdi

phat xung PWM (Basic PWM) va khéi Digital
Output dé chon chiéu quay ciia dong co.

3.2. BPK mo

BDK md di chon bao gdm 2 diu vao gia
tri sai sb (e), van tdc thay doi gia tri sai sb
(e_dot) va 1 dau ra la gia tri diéu khién cung
cap cho dong co (pwm) duoc chi ra & Hinh 5.
Céc ham lién thudc dau vao 1a 7 ham hinh tam
giac dugc chi ra ¢ Hinh 6 va Hinh 7. C4ac ham
lién thudc dau ra 1a 7 ham hang sé duoc chi ra
0 Hinh 8.
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Hinh 5. BDK m¢ Hinh 6. M6i quan hé ciia ham e

w1
FIS Variables _ Membershipfunctionplots " |__
CEEE R T
VYV
B X (W]

; dis_bow e pum
flu)
(sugeno) o 0

ﬂ pwm 0 - - - - Y - - - -
e_dol 4 08 06 04 02 0 02 04 06 08 1
Hinh 7. Mbi quan hé ciia ham e_dot Hinh 8. Mbi quan hé ngé ra pwm

FIS Variables  Menbaspticiongos ™ W 4

) s = e e NB NM NS ZE PS PM PB

AN

[ pwm

VYV

ol

e_dot

0 >
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-1 -2/3-1/3 0 1/3 2/3 1

Tu kinh nghiém nhén biét tir thue nghiém mo hinh BoW, nhém tac gia da xay dung tap hop
md gdom 49 luat mé hoan chinh dugc biéu dién & Bang 1.

Bang 1: Tap luidt mo cia BDK m&

e dotf NB NM NS Z0 PS PM PB
e

NB NB NB NB NB NM NM NS
NM NB NB NM NM NS Z0 Z0
NS NB NM NS NS Z0 PS PM
Z0 NB NM NS Z0 PS PM PB
PS NM NS Z0 PS PS PM PB
PM Z0 Z0 PS PM PM PB PB
PB PS PM PM PB PB PB PB
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Giai thich cac ludt mo trong Bang 1: Néu gia tri e 1a khong (ZO) va gia tri
e _dot l1a khong (ZO) thi ngo ra pwm la khong
(20O).

Néu gia tri e dwong nho (PS) va gia tri
e_dot duong nho (PS) thi ngd ra pwm la duong
am lén (NB) thi ngd ra pwm la am 1én (NB). nhoé (PS).

Gia tri ngd ra s€ la diém giao cua cot vdi hang
tuong rng vdi ngd vao.

Néu gia tri e am 1on (NB) va gia tri e_dot

Hinh 9. Mat dac tinh bi€éu dién moi quan hé vao ra cia hé¢ mo

1

0.5 -

pwm
o
/

0.5

0
0.2
0.4

e_dot ey 0.8

Mat dac tinh 6 Hinh 9 thé hién sy lién tuc  mo dugce xay dung la hoan chinh.
va nhat quan ¢ bién ngd ra, cho thiy tap luat

Hinh 10. So' d0 BPK mé

Khoi tien x( Iy Khoi hau x0 Iy
0 D
e
\ in ,[XXX out 100 @
% \ pim
Knoi diu knhién mo
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Giai thich Hinh 10:

Khéi tién xtr 1y va hau xir Iy dugc chon
gia tri qua thuc nghiém.

Khéi diéu khién mo dugc tao thanh tir
cac luat mo & Error! Reference source not

found..

Tir so dd cdu trac hé BoW(Hinh 4) va so
dd BDK m¢ (Hinh 10), ta ¢ thé két hop dé tao
thanh chuong trinh nhing thyc nghiém diéu
khién m& cho hé BoW (Hinh 11).

Hinh 11. So d6 chwong trinh nhiing diéu khién mo cho hé Bow

12.95

AQ_N.

Gia trj dat

Bo diéu khién mo

He thong bong trén banh xe

Giai thich Hinh 11:

Gia tri dat: ¢ day la 12.95 cm, gia tri nay
dai dién cho khoang cach tir cam bién dén qua
béng, noi ma qua bong nim & vi tri cao nhét
ctia banh xe, twong ung véi diém lam viéc cua
hé thong. Gia tri nay dugc do luong tir mé hinh
thuc nghiém. Do vi tri diéu khién nay 13 ¢
dinh va hé théng chi c6 1 diém lam viéc duy
nhat. D6 1a giir vi tri qua bong & dinh cao nhat
cua banh xe.

B6 didu khién md: Nhan gia tri sai sb vi
tri ctia qua bong, xir Iy va phat ra tin hiéu diéu
khién dén hé théng BoW.

Hé théng bong trén banh xe: Nhan tin
hiéu diéu khién va tra gia tri khoang cach.

4. Két qua thue nghiém

Trong thuc nghiém, cac gia tri tién xir
ly va hau xu ly duoc chon béng cach xac dinh
khoang hoat dong cua cac bién trong d6i tugng.
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Gia tri sai sb vi tri: [-3, 3] duoc xac dinh
theo kinh nghiém.

Gia tri van toc sai s vi tri: [-70, 70].

Gia tri diéu khién cung cap cho dong co:
[-100 100] vi ddy la gia tri dung dé xir 1y chon
chiéu quay va phan traim hoat dong ctia dong
co.

DPé chuan hoa tap co sé cua bién vao, ra
vé mién [-1, 1] nén cac ma tran hé sb khuéch
dai ctia cac khéi tién xtr ly: K =1/3, K,=1/70 va
hau xu 1y K,=100.

Tir nhitng gia tri tién, hau xu 1y duoc
chon & trén, chung toi s€ tién hanh khao sat
quanh cac gia tri d6, nham tim ra gia tri dap
ng tot nhat yéu cau diéu khién 6n dinh hé
thong.

4.1. Khao sat gia tri tién xir 1y ciia sai

Chon gia tri K =1/30, K,=100.
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V6i K,=1/30, vi tri qua bong kha 6n dinh
nhung d& bi mét can bang khi gap nhiéu, 1am
gia tri sai s6 khong thé tro vé khoang 6n dinh.

Vi K,=1/80, vi tri qua béng it on dinh
va nhiéu 1an roi xa diém can bang dan dén dé
mét on dinh.

Véi K,=1/70, vi tri qua bong kha 6n
dinh. Khi ¢6 nhiéu, vi tri qua bong ra xa diém

can bang thi ta van c6 thé diéu chinh qua bong
6n dinh tt.

Qua khao sat trén, hé sé K2=1/70 duogc
chon.

4.3. Khao sat gia tri hau xir 1y cia diéu
khién déng co

Chon gia tri K =1/3, K =1/70.

Hinh 14. Vi tri qui béng khi hi¢u chinh gia tri hiu xir 1y diéu khién dong co
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Véi K,=50 (qué nho), gié tri tin hiéu diéu
khién khong du dé dwa qua bong vé vi tri cn bang.

Vé6i K,=150 (qua 16n), gié tri tin hiéu diéu
khién qua 16n lam hé théng dé bi vot 16, mit 6n
dinh.

V6i K.=100 (vira phai), gia tri tin hi¢u diéu
khién vira du dé 1am 6n dinh hé thdng.

Qua khao sat trén, hé sb K,=100 duoc lya
chon.

Két qua thuc nghiém dugc luu & link:
https://www.youtube.com/shorts/HIQvxxGwFig

Nhu viy, thong qua thiét ké BPK mo va
vi€c hiéu chinh thong sb tién xtr li-hau xr 1i theo
qué trinh cho phu hop, gidi thuat mo cho hé thuc
nghiém BoW da dugc xay dung thanh cong.

5. Két ludn

Trong bai bao nay, mot mo hinh thuc
nghiém cta h¢ BoW da duogc stra chlra va
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cai tién dé qua trinh van hanh duogc tot hon.
Nhom tac gia da tich hop board diéu khién méi
(STM32F4) dé tao nén tang ng dung nhung
cho cac giai thuat DKTM théng qua cac khoi
Matlab hd trg cho mé hinh. BDK m¢ do ching
t6i gidi thiéu da diéu khién thanh cong d6i
twong trén. Qua trinh hiéu chinh duoc trinh
bay trén co s6 hiéu chinh cac khdi tién/hau xur
li dé viéc tham khdo hi¢u chinh m& cho cac h¢
SIMO tuong tu 1a dé dang hon. Thong qua do,
mo hinh dugc chiing minh 1a phu hop cho cac
PTN ¢ diéu kién kinh t& khong qué cao dé SV
duoc phd cap kién thtc diéu khién hoc thuat/
ung dung.

Loi cdm on

Nhom tac gia xin gui 16i cam on dén TS.
Nguyén Vin Poéng Hai (Khoa Pién-Dién tir
HCMUTE) d3 huéng dan, gop ¥ dé nghién ciru
nay dugc hoan thanh.
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