92

NGHIEN CUU - TRRO PO

THVE THL B4 DEU KHIENLOGIC N CHOBONG GO DIENMGT CHEU Kich T
DO P U UNG MAY TN GANAN VA V1 1ED NAIEN VR ATHEGATS

DO THANH TUNG
Khoa Pién, Truong Pai hoc Cong nghiép Quang Ninh

PHAM HUU PINH

Cuc Quén ly Xay dung cong trinh, B Néng nghiép va Phat trién néng thon

NGUYEN THANH SON, NGUYEN THE CONG

Vién Bién, Truong Pai hoc Bach khoa Ha Noi

Ngay nay, co rat nhiéu loai ddng co ra ddi nhung dong co dién mat chiéu van dugc sk
dung rdng rai trong cong nghiép do loai ddng co nay co chat lwgng diéu khién cao. Han
thé nifa, hé thong truyén dong ciia dong co don gian va dé dang trién khai cac thuat
toan diéu khién méi. Bai bao nay trinh bay cac budc thuc thi hé thdng diéu khién mé
cho dong co dién mat chiéu kich tir doc 1ap. Uu diém cha bo diéu khién mo 1a & chd
thuat toan diéu khién khong doi hdi mod hinh toan hoc ctia doi tugng diéu khién va dua
chd y&u trén kinh nghiém ctia ngudi van hanh. B diéu khién mé dugc thiét k& béng
cach st dung may tinh ¢4 nhan va vi diéu khién théng dung AVR Atmega16. May tinh
¢a nhan 1am viéc nhu mdt hé théng do ludng va diéu khién do. Trong khi dé, vi diéu
khi&n 1am nhiém vu truyén théng theo tiéu chudn RS232. Bén canh dd, bai bao so sénh
két qua thuc nghiém khi sif dung bd di€u khién md va bo diéu khién PID kinh dién. Két
qua thuc nghiém cho thay bd diéu khién md giam dugc dang ké do qua hiéu chinh cta
toc do dong co so véi phuang phap sir dung bo diéu khién PID kinh dién.

Tir khda: déng co mét chiéu, b diéu khién md, may tinh ¢4 nhan, vi diéu khién.

Gioi thieu diéu khién PID tuyén tinh chi cho phép déng ca lam
viéc t6t trong mot pham vi nhat dinh.

T&c do clia dong co dién mot chiéu cé thé dudc

hiéu chinh trong mét dai rong. Hé théng diéu khién
déng co mot chiéu 1a hé mot vao - mét ra (SISO/
Single Input-Single Output) do hé c6 mét dau vao
la dién ap phan Gng va mét dau ra la téc do cla
dong ca [1]. Bo didu khién PID (ty 1é - tich phan - vi
phan) tuyén tinh 1a thuat toan diéu khién phd bién
nhat dé ty dong diéu khién téc dd clia dong co mot
chiéu theo su thay déi cta tai. Tuy nhién, phuong
phap nay yéu cau mo hinh toan hoc cta dong co
(cac thong sé clia dong co nhu dién trd, dién cdm
va mdé men quan tinh) hoac dua trén thuyc nghiém
nhu phudng phap Ziegler - Nichols [2]. BPdng cd la
mot déi tugng diéu khién phi tuyé&n. Do dé, cac bo
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Céc bo diéu khién ma& bat ngudn ti ly thuyét tap
md ra ddi tu nam 1965 dugc sl dung cho cac hé
diéu khién phi tuyé&n. Ngay nay, logic m& dugc ting
dung rdng rai cho cac thiét bi dién va dién tl nhu
may anh sé ty dong chinh nét, may giat, may rla
bat va trong céng nghiép 6t6... Ung dung logic md
trong diéu khién dong co mét chiéu khéng phai la
mai v6i cac nghién clu thuan tay mé phdng [1, 3]
hod&c thuc thi s& dung cac bo x{ ly tin hiéu s6 (DSP/
Digital Signal Processor) [4] hodc cac bd thu thap
di liéu (DAQ/Data Acquisition Device) véi cac cong
cu diéu khién ma tich hop s&n trong phan mém [5].
Nhin chung, cac hé diéu khién nay cé gia thanh



IMDLEMENTATION OF FUZZY
LOGIC CONTROLLER FOR A
SEPARATELY EXCITED DC

MOTOR USING PERSONAL
COMDPUTER AND AVR ATMEGA16
MICROCONTROLLER

Summary

Today, despite of the development

of various types of electric motors,
traditional DC motors are still widely
used in industry as this type of motors
has a high control quality. Moreover,
the motor driven system are simple
and easy to deploy novel control
algorithms. This paper describes steps
of implementing a fuzzy logic controller
for speed control of a separately
excited DC motor. The main advantage
of the fuzzy control algorithm is that

it does not require the mathematical
model of the controlled system and is
mainly based on operator’s experience.
The fuzzy logic controller is designed
by using a personal computer (PC)
and a low-cost AVR Atmega16
microcontroller. In particular, the PC
can be seen as a virtual measurement
and control system. Meanwhile, the
microcontroller is responsible for a
RS232 communication protocol. In
addition, an experimental comparison
between the PID controller-based
method and fuzzy logic controller-
based method is also mentioned in
details. Experimentally, the overshoot
of the speed response of the motor can
be reduced significantly compared to
using of the traditional PID controller.

Keywords: DC motor, fuzzy logic
controller, personal computer,
microcontroller.
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cao do chi phi dang ké clia phan cling va phan mém. Béng
gop cla bai bao nay 1a & chd cac tac gia da xay dung mét hé
théng diéu khién mad dong co dién mét chiéu st dung PC va
vi diéu khién théng dung gia thanh thdp AVR Atmegai16. PC
dugc st dung nhu mét bé do ludng va diéu khién &o véi giao
dién tién Igi cho qua trinh giam sat hé théng. Vi diéu khién
AVR Atmegai16 dugc lap trinh dé thuc hién giao thtc truyén
théng RS232 (Recommended Standard 232).

Cac tac gia thuc thi hé truyén dong cho dong ca dién mot
chiéu st dung b6 diéu khién PID tuyén tinh va b6 diéu khién
logic m& (Fuzzy logic controller). Ngoai ra, cac tac gia con
tién hanh phan tich va so sanh két qua thuc nghiém thu dugc
tu hai phuong phap nay.

Mo hinh déng co' dién mét chiéu kich tir doc l1ap

Paoi vai dong co dién mot chiéu kich ti doc 1ap, cudn day
kich tir dugc cap bsi mot dién &p mot chiéu khéng déi. Do dé,
dong dién kich ti c6 thé xem nhu 12 modt hang s6. M6 hinh
clia déng cd khi do6 bao gém cac phu’dng trinh sau:

0 =R, v, 20 ) W
€, (t):k(D (t) (2)
T, (t)=ki, () (3)
du;(t)z L, ()-T,(1) (4)

2 J

Trong d6: u (1): dién ap phan Ung; i (1): dong dién phan
ng; ¢,(1): dién ap cam Ung; o(z): van toc goc; T (1): m6 men
dién ti; 7,(1): mé men tai; R : dién tr phan dng; L : dién cdm
phan (ing; J: mé men quan tinh; K: hang s6 déng co.

Dua trén cac phudng trinh ti (1) dén (4) ta c6 sd do khoi
mo hinh toan hoc ctia déng co dién mot chiéu kich ti déc lap
nhu hinh 1.

lnm
U,(s) + —. 1 L)y 1 T,0s) ¥ 1| o)
>

> e —

Hinh 1: so dé khéi cia déng co dién mét chiéu kich tir déc 1ap

Hinh 2(a) gidi thiéu s d6 mach doéng luc diéu khién téc
ddé déng ca mot chiéu kich ti doc lap st dung phuong phap
bam xung mot chiéu (DC chopper) cho goc phan tu thi nhat.
Hinh 2(b) gidi thiéu nguyén ly lam viéc cla phudng phap
diéu bién do rong xung (PWM/Pulse Width Modulation). D6i
vGi phudng phap nay, chu ky dong cét clla khéa MOSFET la
T khong déi. Khi théi gian mé clia khéa MOSFET la t thay
déi, dién ap trung binh vV datén phan (ing clia dong co dugc

Tapchi KHOAHOC | o

S6 7 nam 2014 CONG NGI-IE VIET NAM



NGHIEN CUU - TRRO PO

tinh nhu sau:

Z,,
Vo —

Lo Ty

E=!oF - DE (5)
T

Trong phuang trinh (5), D la ‘duty circle’ dan vi
la %. Trong thuc t€, khi st dung cac khoéa dién ti
la MOSFET hay IGBT thi tan s6 bam xung khoang
vai chuc dén hang tram kHz cung vdi dién cdm cla
phan ting dong cd kha I6n nén dong phan Ung la

lién tuc.
MOSFET
1il
E— P‘W D E

Lz

% t

Hinh 2: mach déng luc didu khién déng co theo phudng phép
bam xung - géc phén tu thi nhat: (a) Mach déng luc,
(b) Nguyén ly diéu bién dé réng xung

Diéu khién toc dé dong co si dung logic me’
Khai niém vé diéu khién mo déng co
Pé dat dudc kha néng lam viéc t6t nhat cho toan
bo hé théng diéu khién dong co, bd diéu khién mo
dudc thay thé cho bd diéu khién PID kinh dién. So
dé khéi clia mot bo diéu khién md dudc trinh bay
trén hinh 3.

Co sé kién
thire

Giao dién Giao dién
mo& hoéa rd hoa
y

Logic dua
Ta quyét
Mé dinh Mo
Pau ‘r;xhqua Qué trinh Blel;i}}len th.l_rc t&
1r <
! (hé thong duge (khong md)
diéu khién)

Hinh 3: so dé khéi cia mét bé diéu khién mo
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Céc khoi clia mot bo diéu khién ma bao gém:

1) Giao dién mé& hda (Fuzzification interface) bao
gdm cac chiic nang sau:

- Do cac gia tri cla bién dau vao.

- Dinh lai ty |& cla dai gia tri bi€n vao thanh dai gia
tri tuong Uing cla cac bi€n ngdn ngli di kém vGi cac
ham lién thudc. Moi ham lién thudc cﬂa,bié'n vaovara
dugc gan vGi cac nhan 14 cac tu viét tat ti€éng Anh vi
du nhula NB (Negative Big), NS (Negative Small), ZZ
(Zero), PS (Positive Small), PB (Positive Big).

2) Cao sb kién thiic (Knowledge base) bao gom:

- Co s6 dii lieu (Data base) véi nhiing dinh nghia
can thiét dugc sl dung dé dua ra cac quy tac diéu
khién & dang ngén ngii va thao tac dii liéu mé trong
bo diéu khién ma.

- Co s6 quy tac (Rule base) dac trung cho muc dich
diéu khién va kinh nghiém chuyén gia thé hién qua tap
céc quy tic diéu khién duéi dang ngén ngdi.

3) Logic tao quyét dinh (Decision making logic) la
c6t 16i clia bo diéu khién md. Khau nay mé phéng quyét
dinh cla chuyén gia dua trén cac khai niém mg va suy
dién céc hoat dong diéu khién m& bang cach sl dung
cac quy tac kéo theo va cac quy tac suy luan mg.

_4) Dao dién r6 hoa (Defuzzication interface) bao

gbm cac chuc nang sau:

- Dinh lai ty 1& dai gia tri bién dau ra sang khong
gian ngon ngi (universe of discourse).

- Rd hoa cac hoat dong diéu khién md dugc suy
luan thanh cac hoat dong diéu khién khong mg.

Sa d6 khéi clia diéu khién logic md cho déng co
dién mét chiéu cé dang nhu hinh 4.

Bodidn | 4y
Khién mé

D, —~ C,du,

Pong co * b C,
mot chiéu
i Dk—1
-1

Hinh 4: so d6 khéi cua bé diéu khién mo déng co dién mét chiéu

Trong do: r, la t6c do tham chiéu tai thai diém Iay
mau thu k; y, la téc do clia dong cd tai thai diém I8y
mau thi k; e, =, -y, 1a sai léch toc do tai thoi diém
I8y mau thu k e, 1a sai léch toc do tai thai diém lay



mau thu k -1; de, = e - e lathay déi cla sai léch e,
tai thai diém Iay mau thu’ k; du, 1a dau ra clia bd dleu
khién md va dugc gO| la thay déi cha ‘duty circle’
trong mot chu ky T; cac hé s6 C1, C2 va C3 dugc xac
dinh trong qua trinh thuyc nghiém.

‘Duty circle’ tai thdi diém |dy mau thi k la D, =D,
,+ Cdu VvGi D, la ‘duty cirle’ tai thdi diém Iay mau
thi k1.

Ta c6 bang cac quy tac nhu bang 1 véi 25 quy
tac. Tai mot thoi diém nhat dinh, mét s6 quy téc co
thé dugc trinh bay nhu sau: néu e la PB va de, la
NB thi du,la ZZ; néu ¢, 1a PB va de la NS thi du,_ la
PS;néue, la PB va de la ZZ thi du, Ia PS;néue, la
PB va de, Ia PS thi du, Ia PB; néu e, 1a PB va de, la
PB thi du la PB.

Béng 1: bang cédc quy tdc
de

NB |NS |ZZ | PS | PB
PB |Z7Z |PS |PS | PB |PB
PS |NS |ZZ |PS | PS |PB
[ ZZ | NS |NS |77 | PS PS
NS | NB |NS | NS |22 | PS
NB | NB | NB | NS | NS | 7272

Tap md déu cla bo diéu khién md& dugc rd hoa
bang phuong phéap trong tam (COA/Centre of Area)

nhu sau:
" Z,H (du (i) < du (i) (6)
R YT CIG)

o] day: du (i) 12 gia tri thit icha bién du; wdu (i) 1
gia tri cia ham lién thudc dng vdéi gia tri thu i cla
bién du; du C,, 1a gia tri cta du sau khi dudc lam rd
hoa béng phu’dng phap trong tam.

Céc budc thuc thi bo diéu khién
_Budc 1: dinh lai ty 1& dai cac dau vao do dudc
nam trong khoéng tl 0 dén 255. Doi vGi dau vao e

va de ta c6 cac gia tri sau khi dinh lai ty 1& X, va X,
lan lugt nhu sau:

X, =8,5(e+15)
X, =85(de+1,5)
Budc 2: dinh nghia ham lién thudéc hinh thang
téng quat:
Né&u x < a hodc x> d thi MF =0
NE&u x> a va x < b thi MF = (x-a)/(b-a)
Néux<bvax<cthiMF =1
NE&u x > ¢ va x < d thi MF = (x-d)/(c-d)
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MF
| ""-7—\
0 a b c d 'X

Hinh 5: ham lién thudc hinh thang téng quat

Xay dung cac ham lién thudc clia cac bién vao va
ra véi cac gid tri cla a, b, ¢ va d tuong ting. Luu y, ham
lién thudc hinh tam giac chi la mot trudng hgp riéng
clia ham lién thudc hinh thang véib = c.

Budc 3: xay dung chuong trinh dé xac dinh gia tri
MAX va MIN cla hai s0.

Budc 4: tim gia tri MIN clia 25 cap bién vao e va de.

Budc 5: tim gia tri MIN cla gia tri MIN & budc 4 va
cac gia tri cila ham lién thudc dau ra.

Budc 6: xac dinh gia tri MAX cla 25 gia tri dau ra.

Budc 7: gidi mG theo phudng phap trong tam nhu
phudng trinh (6).

Budc 8: dinh lai ty 1& cho bién ra nhu sau:

Y = (du+127,5)/85
Gia tri y la thay d&i cla ‘duty circle’. Sau dé ‘duty

circle’ tai thdi diém &y mau thi k dugc tinh nhu
sau:

D, =D, +CY

Thue nghiém

Vi diéu khién AVR Atmega16 dudc lap trinh dé
thuc hién giao thic truyén thong RS232. Vi diéu
khién dugc lap trinh st dung ngén ngii C véi trinh
dich 1a CodeVision. Phan mém Visual Basic dugc
st dung dé xay dung chuang trinh do ludng va diéu
khi€n a0. Toan bod hé théng thuc nghiém dudc trinh
bay nhu trén hinh 6.

e e
B0 diéu khién s

Thiét bi lruyén
théng st dung
AVR Atmagal6

dung laptop

Hinh 6: hé
théng thuc
nghiém  dua
trén hé truyén
déng cla
hang Lab-Volt
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Hinh 7(a) la dap tng toc dd déng co khi toc do
déat la 800 vong/phut va mo men taila 1 Nm véi bo
diéu khién PID va hinh 7(b) la dap lng cla téc do
déng ca khi téc do dat 1a 800 vong/phut va mé ment
tai la 1 Nm véi bd diéu khién md. Ta nhan thay bo
diéu khién PID gay nén hién tugng qua hiéu chinh
(25%). Trong khi d6, bd diéu khién ma& khéng gay
nén hién tugng qua hiéu chinh.

= = Reence spesd 100
— oy
Qutput speed ™

N 0

= 7 " Reference speed
T Ouiput speed

1000

Speed(rpm)
2 2
Speed(rpm)

Il

20

e
0 05 1 15 2 25 3 35 4 45 5
Time(second)

—_
0 05 1 15 2 25 3 35 4 45 5
Time(second)

(@ ) ) (D
Hinh 7: dép ting téc dé bé diéu khién PID(a)
va bé diéu khién mo (b)

Tuong ty, trén hinh 8 khi téc do dat tang (900
vong/phut) va mo men taila 1 Nm ta thay hién tugng
qué hiéu chinh xay ra khi s dung bé diéu khién PID
(22%) (hinh 8a). Hién tugng qué hiéu chinh khong
xay ra khi st dung bd diéu khién ma (hinh 8b).

= "Reference speed
T Ouiput speed

’ 2001 _Reference speed
Ouiput speed

1000

1000 Y,

il A
b it b Ilu-r

Speed(rpm)
p==1 b1
= =
Speed(rpm)
= =

4

mw m

I T S S S S !

0

005 1 15 2 25 3 35 4 45 5
Time[second)

UO 0?5 ; 1?5 ; 2j5 ‘3 3,‘5 f‘i 4?5 5
Timefsecond)
(@ (b)
Hinh 8: dép ting t6c do bo diéu khién PID (a) va b6 diéu khién mé (b)
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Khi st dung bo diéu khién PID, dé gidm hién
tuong qua hiéu chinh, hang sé tich phan dugc chon
la 16n va gay nén hién tugng dap Ging cham doi cla
dap lng téc do dau ra. Trong khi do, doi véi hé
théng st dung logic m& dé dap uing téc dé nhanh,
ta chi can giam thdi gian 18y mau.

Bai bao da trinh bay cac budc dé thuc thi bd diéu
khién m& cho diéu khién déng co dién moét chiéu
kich t doc 1ap. Uu diém cla hé théng sl dung logic
ma& 1a khéng doéi hdi mo hinh toan clia déi tugng diéu
khién. Day chinh la uu diém néi bat cla diéu khién
md noi chung va diéu khién md dong co dién mot
chiéu ndi riéng. Diéu nay cho thay st dung phuong
phéap logic ma sé dugc ting dung nhiéu han cho céac
hé théng diéu khién dong co mot chiéu, nhat 1a véi
cac hé truyén dong cong suét I6n véi cdu tric mach
déng luc phtc tap trong truyén dong cé dao chiéu
quay hay lam viéc trong bén goc phan tu. Day sé la
cac budc nghién cuu ti€p theo clia nhom tac gia =
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