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TOM TAT

Bai bdo trinh bay mét phurong phdp diéu khién Robot da huéng dung bé diéu khién Pl (Proportional
- Integral controller) thich nghi m& dwa trén mé hinh robot duoc xdy dung nhu’ mét hé MIMO
(Multi Input - Multi Output) phi tuyén. Cdu truc diéu khién bao §6m mét bé diéu khién Pl va mét
bé diéu khién m¢ duoc thiét Idp. Trong dé, bé diéu khién Pl gitr vai trd la bé diéu khién chinh, tao
tin hiéu diéu khién déi tuong va bé diéu khién mao gitr vai tro la bé quan sdt, cung cdp théng sé
pht hop cho bé diéu khién Pl theo thoi gian thuc. Két qud thuc nghiém chirng minh rdng, bd diéu

khién Pl thich nghi mo véi viéc trng dung Logic m& cdi thién ddng ké hiéu sudt diéu khién chuyén

dong cua Robot da hudng.

Tir khéa: Robot da huéng, logic ma, bd diéu khién Pl.

1. DAT VAN DE

Robot da hudéng 13 robot cé thé di chuyén dé
dang trong nhirng khéng gian nhé, hep do kha
nang di chuyén mét cach linh hoat vira quay vira
tinh ti€n moét cach dong thai va doc 1ap. Phuong
trinh dong luc hoc cung véi do tin ciy cta bo
diéu khién 13 cach ti€p can chinh trong nhiéu
nghién clru vé robot.

B6 diéu khién tich phan ti 18, goi tit 13 bo diéu
khién PI (Proportional - Integral controller) duoc
(rng dung rat phé bién trong cac diéu khién cac
qua trinh cdng nghiép, do kha nang diéu khién
hiéu qua, ciu trac don gian va pham vi (rng dung
rong rai. Trong diéu khién robot, b6 diéu khién
Pl dugc thiét ké dé€ diéu khién hudng va vi tri
theo m6 hinh tuyén tinh don gian. Tuy nhién, cé
mot van dé quan trong déi vai viéc irng dung bd
diéu khién PI trong diéu khién robot la khi diéu
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kién bé mat quang dudng dén muc tiéu cé nhiéu
dé cong khac nhau dan dén sai s6 clia cac phép
do. Diéu nay &nh hudong dén viéc hiéu chinh cac
théng sé clia bd diéu khién Pl kho dat duoc gia
tri t&i wu. Do do, viéc sir dung bd diéu khién
Pl thong thudng khong thé dam bao hiéu suat
mong muén cho diéu khién Robot da huéng.

Trong cac ky thuat diéu khién théng minh, Logic
md& néi [én nhu mét phuong phap thé hién kha
nang suy dién cda bd éc con ngudi va né duoc
(rng dung thanh céng trong nhiéu linh vuc vai
vai trd cia mét boé quan sat [1, 5]. Co ché suy
dién md duoc xem 1a mdt phuong phap don
gian va hiru hiéu dé tinh chinh cac bé diéu khién
kinh dién. Viéc tim kiém, tu diéu chinh cac gia
téi wu cla cac thdong sé bd diéu khién trong

mién xac dinh cta ching co6 thé duoc thuc hién

ISSN: 2615 - 9686



Tap chi KHOA HOC - Truong Pai hoc Qudc té Hong Bang S6 11 - 03/2020: 35-42

b&i thuat toan Logic mo.

Trong ndi dung bai bao, trén co s& ly thuyét cla
bo diéu khién Pl va b diéu khién thich nghi ma,
nhom tac gia da tich hgp thanh bo diéu khién lai
PI thich nghi m& cho hé théng diéu khién robot
da huédng. Trong do, bd diéu khién Pl gitr vai tro
13 b6 diéu khién chinh, tao tin hiéu diéu khién
déi twong va bo diéu khién ma gilr vai tro 1a bo
quan sat, cung cap thong so phu hgp cho bd
diéu khién PI theo thai gian thuc. Vi thé, dé don
gian hai bo diéu khién nay duoc goi la bd diéu
khién PI thich nghi m&. Hiéu qua cua bd diéu
khién PI da duoc kiém chirng qua cac cudc thi
Robocon cutia hoc vién, sinh vién c6 sir dung két
hop la ban s6 trong viéc gilr quy dao clia robot
da hudng. Tir d6, bd diéu khién thich nghi mg
da duoc kiém chirng théng qua thuc nghiém tai
Phong thi nghiém B6 mén Nhiét dién, Khoa Ky
thuat co s@, Phong thi nghiém B6 mén Ky thuat
co s@, Vo tuyén dién va Vi xtr ly, Khoa Cong
nghé thong tin, Trudng Dai hoc Tran Dai Nghia.
Cau trac bai bdo gobm bén phan: dat van de,
phuong phap diéu khién, két qua thuc nghiém

va két luan.

2. Phuong phap diéu khién

Trong phan nay nhém tac gia gidi thiéu bo diéu
khién truyén théng PI, tir d6 tich hop thanh bd
diéu khién PI thich nghi m&, &rng dung cho hé
théng diéu khién robot da hudng.

2.1. B diéu khién PI
Bo diéu khién Pl duoc thuc hién bai Johnson
M.A va Moradi M.H [3]:

u(t)=K ,e()+K, j; e(1)dt
€(I) = Xref(t) _X(t)

Trong do, Kp va K; lan luot la do lgi ti 1é va do
lgi tich phan cta bd diéu khién. Nhiém vu cla
ngudi thi€t k& bd diéu khién PI, 13 chon lua bd
gia tri {Kp,Kl-} thdéa man cic yéu ciu vé chat
lwong diéu khién.

Cac thong so do loi Kp va K; anh huéng dén
thai gian tang (rise time), d6 vot |6 (overshoot) va
thoi gian xac 1ap (settling time) dap ng duoc
cho trong Bang 1 [4] . Cac théng tin nay duoc
xem la co s& tri thirc dé xac dinh luat chinh dinh
mo& bé diéu khién PL.

Bding 1. Anh huéng cla viéc tdng cdc thong s6 dé loi clia
b diéu khién Pl

D6 loi Thoigian | Povot | Théigian | Saisd

o tang o xacldgp | xaclap
K, Giam Tang | Thayddiit | Giam
_ ., . . Tridt
K; Giam Tang Tang th

B6 diéu khién PI thich nghi ma 12 bd diéu khién
két hop bo diéu khién Pl véi thuat toan logic mo
dé cai thién hiéu suat cua robot chuyén déng
da hudéng. Cau tric cua diéu nay bd diéu khién
thich nghi m& nhu Hinh 1.

MK

A dufdt s
ac

Fuzzy Inference

AKp

Pl Controller

System

Hinh 1. Cdu triic diéu khién PI thich nghi m¢
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Bo diéu khién mo cod hai dau vao: theo doi
tham chiéu 16i e va dao ham 16i ec. Cac dau
ra AKP va AK. cla hé logic mo la nhing
thay d6i trong dé loi ti 1é Kp va do loi

tich phan K; cta bd diéu khién Pl. Hinh
2 cho thay so d6 Pl thich nghi mo véi 3
thanh phan chinh: lam md&, suy ludn mo va
gidi mo.

\ FuzzyAdaptive / dkp
/ remen \
aC dki
Hinh 2. Cdu triic b6 diéu khién mo

2.3. Mo héa dir liéu bién dau vao va daura
Budc dau tién trong viéc thiét ké bo diéu khién
logic mo la m& hda cac bién dau vao va dau ra.
Trong ndi dung bai bao, pham vi m& cla cac
bién duoc xac dinh ee [—3,3] ,ec € [—6,6],
AKp € [—O.S,O.S]vz‘a AK; e [—0.1,0.1] . Trong

do, pham vi m& chia thanh 7 bién nglr nghia va

duoc mo hda bai 7 tip con e, ec, AKp, AK =
[NB, NM, NS, ZO, PS, PM, PB], trong dé NB la
am 1&n; NM 13 am vira; NS 13 Am nho; ZO bang
khoéng; PS la duong nho; PM 13 duong vira va
PB la duong Ién. Tat cd cac chirc nang thanh
vién |a hinh tam giac. Cac ham thanh vién m&

duagc trinh bay nhu Hinh 3 va Hinh 4.

NE A NS 0

PSS P FB

MNEB Z0

PSS

P

FE

Hinh 3. Ham thdnh vién m¢ cda e vd ec
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NBE Bt NS

PS P FB

NE A MS

PS5 P PBE

Hinh 4. Ham thanh vién mo ctia AK,va AK,

2.4. Xay dung co s& luat

Budc quan trong nhat trong thiét ké diéu khién
mo 13 thiét 1ap quy tic suy ludn mo gilra bién
dau vao e, ec va cac bién dau ra AK, AK| theo
kién thirc va kinh nghiém clGa cac chuyén gia
hodc dir liéu dau vao - dau ra. Tai day, cac théng

s6 clia bd Pl dugc lra chon theo kinh nghiém

Bdng 2. Ma trdn ludt dau ra AK

tlr cdc mo hinh robot thuan chi sir dung bd Pl
trong mdi trudng san gb va mat san gach thong
thuong. Dua vao 2 yéu t6 la e (d6 léch gbc) va
ec (dao ham do léch goc), tac gid xay dung duoc
2 ma tran luat tvong ng vaéi 2 thong sé dau ra
cla AK) (d6 loi ti 1€) va AK. (dd lgi tich phan) nhu
Bang 2 va Bang 3.

e & NB Nm NS 20 PS PM PB
NB PB PB PM PM PS 20 20
NM PB PB PM PS PS 20 NS
NS PM PM PM PS PS 20 NS
20 PM PM PS 20 NS NM NM
PS PS PS 20 NS NS NM NM
PM PS 20 NS NM NM NM NB
PB 20 20 NM NM NM NB NB
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Bdng 3. Ma trdn ludt ddu ra AK,

. & NB Nm NS 20 PS PM PB
NB NB NB NM NM NS 20 20
NM NB NB NM NS NS 20 20
NS NB NM NS NS 20 PS PS
20 NM NM NS 20 PS PM PM
PS NM NS 20 PS PS PM PB
PM 20 20 PS PS PM PB PB
PB 20 20 PS PM PM PB PB

Dua vao 2 ma tran quyét dinh trén, ching ta

c6 thé xay dung 98 luat, tuong (rng 49 lut cho

moi bang nhu sau:
(R1) If e is NB and ec is NB then AKp is PB
(R2) If e is NB and ec is NM then AKp is PB
(R3) If e is NB and ec is NS then AKp is PM
(R4) If e is NB and ec is ZO then AKp is PM
(R48) If e is PB and ec is PM then AKp is NB
(R49) If e is PB and ec is PB then AKp is NB
(R50) If e is NB and ec is NB then AK is NB
(R51) If e is NB and ec is NM then AK is NB
(R52) If e is NB and ec is NS then AK is NM
(R97) If Error is PB and ErrorD is PM then
AK: is PB
(R98) If Error is PB and ErrorD is PB then
AK: is PB

3. Két qua thir nghiém
Trong phan nay, nhém tac gia thiét ké robot

da hudng véi mach diéu khién trung tam
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STM32F411, cai dit thr nghiém diéu khién

robot chuyén doéng véi quy dao dudng thang.

3.1. Thiét ké robot

Robot duoc thiét ké gobm 3 banh xe két ndi
v&i nhau tao mot goc déu 120°, sir dung cong
nghé banh xe robot da hudng - Omni Wheels.
Céng nghé banh da hudng gitip robot cé thé di
chuyén theo huéng bat ky. Vai thiét ké 3 banh,
va ban kinh than 30 cm, robot ¢ thé di chuyén

& dia hinh twong d6i hep (Hinh 5).

3.2. Mach diéu khién

Trén robot sr dung mach trung tam
STM32F411, nha san xuat STMicroelictronic.
Sai s6 goc dau (Yaw) clia robot dugc xac dinh
nho cdm bién WAVGAT 6 Axis MPU6050 cé
tich hop bd loc chéng nhiéu Kalman va giao
ti€p v&i mach trung tdm thong qua giao thirc
UART baud rate 115200. Mach trung tdm cé
nhiém vu thuc hién cac thuat toan logic mo
tich hop trong b diéu khién Pl thich nghi mo,

dam nhiém viéc két ndi cac Driver Smart PID
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Hinh 5. Khung robot va banh xe robot da hudng

v&i nhau thanh mét khoi thong nhat. Driver
Smart PID nhan tin hiéu dién ap t&r mach
trung tam, phan tich duty cycle (chu ky xung)
dé diéu khién dong co quay vai van téc tuong

(rng chu ky xung cta mach trung tam.

Ngoai ra, tac gid sir dung cidc phan mém:
STM32CubeMX - hé trg ciu hinh cac giao tiép
ngoai vi cho vi diéu khién; Keil ARM - hé tro 1ap
trinh vi diéu khién; Matlab phién ban R2016a.

3.3. Két qua thir nghiém
Robot di chuyén theo quy dao dudng thang,

ISSN: 2615 - 9686

thoi gian di chuyén t = 8s. C6 thé quan sat thay
tirvi tri xuat phat dén muc tiéu, robot di chuyén
theo quy dao dugc dat ra va quy dao robot thay
déi khéng dang ké. Sai sé quy dao cla robot co
thé nhan thay do khoang gia tri thong sé dau ra

ctia mo hinh logic m& chua duoc téi vu.

4. KET LUAN

Trong bai bdo nay, tac gid da dua ra két qua
nghién ciru i'ng dung mé hinh logic ma dé giai
quyét bai toan diéu khién chuyén déng cla

robot da huéng. Co thé thiy robot hoat déng

Journal of Science - Hong Bang International University



Tap chi KHOA HOC - Truong Pai hoc Qudc té Hong Bang S6 11 - 03/2020: 35-42

kha én dinh v&i quy dao chuyén dong 13 duong
thang. T dé cho thay viéc ng dung phuong
phap 13p luan mg dé giai quyét van dé da néu

trén 13 rat kha quan va cé trién vong phat trién.

Tuy nhién, hé théng do tac gia xay dung mdi chi
irng dung diéu khién robot di chuyén theo quy
dao dudng thang, chua thir nghiém robot véi
cac quy dao chuyén déng va cac bé mat tiép xuc
khac nhau. Hé théng danh gid dua trén 7 bién
nglt nghia, do dé cac yéu t6 khac nhu: can nang,
moi trudng lam viéc, dac tinh cha doéng co...
chua dugce xét dén trong qua trinh thir nghiém.
Trén thuc té€ s6 luong cac bién s6 nay rat 1on.
Va vi thé dé xay dung mot hé théng diéu khién
robot da hudng thich nghi mo véi day da cac
yéu t6 can cé mot su dau tu nghién cliru chuyén

sau, nghiém tuc.
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APPLYING FUZZY LOGIC TO Pl CONTROLLER FOR THE PROBLEM
OF OMNIDIRECTIONAL ROBOT CONTROL

Phung The Bao*, Le Cong Danh, Pham Van Sang, Dang The Hung, Hoang Xuan Tuan

ABSTRACT

This paper presents a method of controlling omnidirectional robots using fuzzy adaptive Pl
(Proportional - Integral controller) controller based on robot model built as a nonlinear MIMO
(Multi Input - Multi Output) system. The control structure consists of a Pl controller and an
established fuzzy controller. In particular, the Pl controller acts as the main controller, generates
signal to control the object and the fuzzy controller serves as the observation unit, providing

appropriate parameters for the Pl controller in real time. Experimental results demonstrate that
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the PI controller adapts to the application of Fuzzy Logic to greatly improve the motion control

performance of the Omni-directional Robot.

Keywords: Omni-directional Robot, fuzzy logic, Pl controller.
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