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In practice, we often use Pl controller to stabilize DC motor speed
with acceptable control quality. When we need to further improve the
control quality and respond to different set speeds, the fuzzy
controller is a suitable choice. However, the design of fuzzy controller
is often difficult because determining the parameters of this controller
depends a lot on the experience of the designer. In this paper, the
authors present how to apply the lons Motion Optimization algorithm
to find the optimal parameter of the fuzzy controller for DC motor
speed control. The results obtained through simulation and
experiment show that the fuzzy controller with parameters determined
by the IMO algorithm has very good performance quality with fast
setting time (1.42378 s), low overshoot (0.51%) and adapt quickly
when the motor set speed changes continuously.
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Pong co mot chiéu
Bo diéu khién mo
Tim kiém tdi vu
Giai thuat IMO

Bo diéu khién PI

Trong thyc té, chiing ta thuong sir dung b diéu khién PI dé 6n dinh
téc d6 dong co dién mot chiéu voi chét lugng diéu khién & muc chap
nhan dwoc. Khi can ning cao hon nira chat lugng didu khién va dap
tng V&i cac toe do dat khac nhau, bo diéu khién mo 1a mot sy lua
chon phu hop. Tuy nhién, viéc thiét ké bo didu khién mo thuong gap
kho khan do viéc xac dinh cac tham sb cua bo didu khién nay phu
thugc rat nhidu vao kinh nghiém cua ngudi thiét ké. Trong bai bao
ndy, c4c tac gia trinh bay céach thic 4p dung giai thuat tim kiém tdi
wu dya trén chuyén dong ion dé ty dong tim kiém tham sé téi vu cua
bo diéu khién mo cho bai toan 6n dinh téc d6 dong co mot chiéu. Cac
két qua dat dugc théng qua md phong va thuc nghiém cho thay, bo
diéu khién mo voi cac tham sé duoc xac dinh bai giai thuat IMO c6
chat luong hoat dong rat tt vai thoi gian xac 1ap nhanh (1.42378 s),
d6 qué diéu chinh thap (0.51%) va thich ang nhanh khi céc téc do dat
ctia dong co thay ddi lién tuc.
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1. Pat van dé

Trong cong nghiép, dé didu khién dong co mot chidu, véi yéu cau chat lwong diéu khién
khong cao, bd diéu khién thuong duogc st dung 1a PI do chi phi thip. Ban chét cia phuong phap
nay la gidm thiéu 13i gitia tdc d6 thuc cua dong co va tde do dat mong mubn. Khi st dung PIL,
trong gioi han thoi gian nhit dinh, dong co dat tbc d6 mong mudn mot cach tron tru va hoat dong
on dinh tai tbe d6 do trong sudt thoi gian hoat dong 0.

Tuy nhién, bo diéu khién PI chi hoat dong trong mét ving tuyén tinh hiru han. Vi vay, khi
thay d6i diém hoat dong c6 thé lam cho bo diéu khién PI khong con phat huy duoc tac dung diéu
khién nhu mong mudn. Dé giai quyét vin dé nay, dong thoi nang cao hon nita chét lugng didu
khién, nhidu nha nghién ctru dé xuat st dung bd diéu khién mo 0, dic biét 1a bo diéu khién mo
theo mo hinh kiéu Sugeno 0. Khé khin khi thiét ké bo dicéu khién mo 14 c¢6 nhiéu yéu t6 anh
huong dén chat lugng cia bo diéu khién nhu lya chon dang cua ham thudc, cac phép toan két
nhap, kéo theo, gidi mo, v.v. Su lya chon nay khong c6 mot quy tic cu thé ma phu thude nhiéu
vao tri thirc mang tinh chuyén gia ctia nguoi thiét ké. Mot cach khéc, dé giai quyét kho khan nay
d6 1a sir dung cac thuit toan toi wu. Chinh vi vy, gan ddy, da rat nhiéu cong trinh céng bd dé
xuét ap dung cac giai thuat t8i wu vao viéc chinh dinh cac tham s6 cua b diéu khién mo nhu st
dung giai thuat di truyén 0, str dung giai thuat toi uu by dan 0.

Giai thuat t6i uu Ion (lons Motion Optimization - IMO) 1a mét thuat toan t6i vu héa dugc
Javidy cong bd nam 2015 0. Pay 1a mot thuat toan 1y cam himng tir chuyén dong cia cac Ion
trong tu nhién. Cac két qua cua thuat toan duoc tac gia danh gia trén 10 ham benchmark 14 rat
thuyét phuc 0. Diéu nay thu hat mét loat cac nghién ciru ap dung IMO cho mét sb bai toan cu thé
nhu: Piéu d6 kinh té hé thdng phan phdi dién 0, chuén doan bénh ung thu 0.

Tir cac két qua trén, nhom tac gia nhan thay hoan toan c6 kha ning ap dung giai thuat IMO
vao viéc tim kiém céc tham sb cta bo diéu khién md nham nang cao chat luong diéu khién va
thich (mg khi tbc do dat cua dong co thay dbi. Vi vay, phan tlep sau cua bai bao s€ trinh bay chi
tiét viéc thiét ke bd diéu khién mo cho dong co dién mot chiéu ciing nhu cac budc 4p dung thuat
toan IMO dé tbi uu hoa tham sd caa bd diéu khién mo.

2. Thiét ké b diéu khién mo cho dong co dién mot chiéu

2.1. Gidi thigu mo hinh hé théng

Hinh 1. M6 hinh thi nghzem diéu khién dong co dlen mét chiéu

Pé kiém chu’ng kha nang ap dung giai thuat IMO trong viéc xac dinh tham s0 bo diéu khién
mo, nhom tac gia xudt phat tr m6 hinh minh hoa mot hé thong diéu khién téc do dong co mot
chiéu nhu Hinh 1. Hé thong gdm co 3 phan:

- Pong co mét chidu: Ching t6i str dung dong co BIT20E ciia hing YASKAWA.,

- Mach diéu khién dong co: Cac tac gia st dung mach cau H véi IC L298 dé diéu khién tdc
d6 cua dong co DC bang cach diéu khién dién ap dau vao cua dong co theo tin hiéu PWM 0.

- Vi diéu khién: Arduino UNO dugc sir dung dé cai dit chuong trinh diéu khién dong co. Pay
14 vi diéu khién thuong dugc st dung trong cic mo hinh minh hoa do gia thanh ré va dé lap dit.

2.2. Nhin dang mé hinh hé thong

Uu diém khi st dung bd diéu khién mo 13 néu dwa vao kién thic ctia chuyén gia c6 thé thiét
ke ma khong can nhan dang mo hinh hé thong. Tuy nhién, do hién tai cac cong cu ho trg cho viée
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nhan dang hé théng sin c6 voi do chinh xac cao. Didu nay cho phép ta co thé kiém ching cac
thiét ké nhanh chong hon duwa trén mé phong. Chinh vi vy, budc tiép theo, cac tac gia sir dung
phuong phap thuc nghiém dé nhan dang mé hinh hé thong nham cho phép xay dung nén bo diéu
khién PI hay bo diéu khién mo phu hop thong qua mé phong. Qua trinh niy bao gom:

- Budc 1: Thu thap dit liéu vao/ra thuc nghiém cua hé thong.

- Budc 2: Tién xir Iy dir liéu nham loai bo cac gia tri do kém tin cay.

- Budc 3: Lya chon phuong phap nhan dang (nhan dang mé hinh ¢ tham s hay khong co
tham s, phan tich dap ung qua do/phuong phap binh phuong tdi thiéu...)

- Budc 4: Lua chon ciu tric mo hinh

- Budc 5: Xac dinh cac tham s6 mo hinh theo phuong phap/thuat toan da chon.

Hinh 2 minh hoa két qua cuia viéc sir dung cong cu chuyén dung Identification Toolbox trong
MATLAB d¢ tién hanh nhan dang h¢ thong theo 5 budc néu trong 0. Lya chon md hinh "tf1" c6
do fit 92,38%, tac gia xac dlnh dugc ham truyén dat ctia hé thon theo (1).

Style Channel Help Experiment

File Options

Window  Help

File Options

Import data he Import models - Measured and simulated model output

BestFits
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Hinh 2. Nhdn dang mé hinh hé thong sir dung Identification Toolbox
298.2
COl)=———
s°+3.645+1.899
2.3. Thiét ké b diéu khién mo Sugeno
Bo diéu khién FCL-sugeno trong Hinh 3 duoc thiét ké gdm 2 bién dau vao 1a sai léch e gitra
toc do thuc va toc do dat, dao ham cua sai léch ce va bien dieu khién dau ra la u. Mién bien thién
Cua cac dau vao/ra nay deu duge xac dinh trong mién chuan doi xang 1a [-1, 1]. Khi dua b6 dieu
khién vao hé thong, mién bién thién thuc sé dugc anh xa vé mién chuan doi xang bang cac hé so
Ke, Kce va Ku. Gi4 tri cia cac hé so nay dugc xac dinh théng qua thyc nghiém hoac dugc tim
kiém tu dong nho mot thuat toan tim kiém toi wu.

0 5 10 15 20
Time

(1)

298.2 N[
5%+ 3.645 + 1.899 7

Hinh 3. So' @6 md phéng diéu khién déng co mét chiéu ding FLC-Sugeno
Céc tap md duoc lra chon thiét ké nhu Bang 1 bao gom:
- 5 tap mo cho cac bién vao e, ce gom NB, NS, ZE, PS, PB.
- 7 tap mo chovbié'n dau ra u dang singleton gém NB, N, NS, ZE, PS, P, PB.
H¢ luat dieu khién dugc thiet ke theo Bang 2.
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Bang 1. Ky hiéu nhan ngén ngir cho cac tép mo

NB N NS ZE PS P PB
Negative Big Negative Negative Small Zero Positive Small Positive Positive Big
Bang 2. Hé ludr dieu khién cia FLC-sugeno
3 ce NB NS ZE PS PB
NB NB NB N NS ZE
NS NB N NS ZE PS
ZE N NS ZE PS P
PS NS ZE PS P PB
PB ZE PS P PB PB

3. T6i wu h6a tham sb cita b diéu khién mo dung gidi thuat IMO
3.1. Gidi thudt IMO

IMO la mot thuat toan tdi uu héa dugc Javidy cdng bd ndm 2015 1dy cam hing tir hoat dong
cua cac hat mang dién (anion va cation) trong thuc té. Cac ion cé dién tich cung dau thi day nhau,

trai diu s& hat nhau (Hinh 4) [6].

Khii tao quin thé
Anion va Cation
T

;ﬂ

Danh gid 4§ thich
aghi

v

Xic dinh A_nion_ va Cation
tot nhat

!

Tinh todn Iye

v

Cip nhit vi tri mdi cho No
Cation va Anion -

Pha léng

Pha tinh thé

Attraction . L . ~
1éu kién dimg thoa m:

Altraction

s ] .
"\’cﬂ{,’(” Phiin bé Anion va Cation
"\’01, xung quanh ion 4t nhat
\T

- Anion |
Arvtraction \ /
Hinh 4. Cac m6 hinh khai niém va anion,
cation, luc hit va luc ddy 0
Trong thuat toan IMO, mai ion s& dai dién cho mét 10i giai cua bai toadn t6i uu. Cac ion lai
dugc chia thanh hai nhém anion (ion 4m) va cation (ion duong). Dua vao su phan b cua cac ion
nay, luc hit/lyc day sé di chuyen cac ion xung quanh khong gian tim kiém. Thuat toan IMO sé di
chuyen céc ion toi céc ion tdt nhat Véi cac dign tich trai dau. Anion di chuyén vé phia cation tdt
nhét, trong khi cation di chuyén vé phia anion tt nhat. Nhu vay, sau mot thoi gian, 16i giai s& hoi
tu vé anion hoic cation tt nhat. Hinh 5 md ta cu thé cac budc cua thuat toan IMO bao gom:
Buoc 1. Khéi tao quan thé IMO
- Tao cac tham sb cta giai thuat IMO nhu sé 1an 1ip M, gia tri ngdu nhién;

Bua ra 1in gidi téi wu

Hinh 5. Cac budc chung cua thugt toan IMO
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- Tao ngau nhién quéan thé ban dau gém N/2 anion va N/2 cation. Mdi cé thé trong quan thé
la mot 101 gidi cho bai todn tim kiém.

Budc 2. Cap nhdt vi tri lon theo pha long

- Tinh toan gi4 tri thich nghi ctia mdi ca thé. Gia tri thich nghi chinh 1a ham muyc tiéu can dat dugc.

- Xac dinh c4c anion tot nhat ( Abest ) va cation tot nhat (Chest).

_ - Tinh toan khoang cach cta cac anion tdi cation t6t nhat, khoang cach cia cation t6i anion
tot nhat theo (2).
AD, ; =d(A ;,Chest;) =|Cbest; — A |

d ~ )
; =d(C, ;, Abest;) =| Abest; —C, ;

ij?
- Xaéc dinh lyc hut gitra thanh phan J cua anion thtr i trong quan thé t6i cation tot nhat, giita
thanh phén j ctia cation thir i trong quan thé t6i anion tét nhét.

1 1
AR = [ oo CF; = o070, 3
- Sau khi tinh toan lyc, vi tri cua anion va cation dugc cap nhat nhu sau:
A=A, +AF x(Chbest,-A ) (4)
C,=GC, +CF”.x(Abestj -G (5)

Bueéc 3. Cap nhdt vi tri lon theo pha tinh thé
if (CbestFit) >= CworstFit/2 and AbestFit >= AworstFit/2

if rand()>0.5
A = A;+¢, x (Cbest -1)

else
A= A +¢ xChest
endif
if rand() >0.5
C ,=C,+¢, x (Abest -1) (6)
else
C ,=C,+¢, x Abest
endif

if rand() <0.05
Re—initialized A, and C,
endif
endif
Bu6c 4. Kiém tra diéu kién 1dp va ding cua thugt toan
- Néu dleu kién két thuc dap ung (vi du: s6 1an 1ap t6i da) cham dut qua trinh va guri ra két
qua la ion t6t nhat trong sd anion va cation.
- Néu chua dat dén diéu kién dung thi 1ap lai tir bude 2.

3.2. Ung dung gidi thudt IMO cho bai todn tim kiém tham sé b diéu khién mo

Pé diéu chinh hinh dang tap mo hudng toi t6i uu cho bo didu khién, trong nghién cau nay,
mat s6 rang budc dugc dua vao dé han ché sé bién can téi vu nhu sau:

- Gia thiét cac tap mo duoc phan hoach 1a di ximg trén mién [-1, 1]. Diéu d6 ¢ nghia la tap
mo ZE c6 dang tam giac can.

- Tap mo cua ham thude NB la dbi xtmg véi tap mo PB qua gia tri 0. Tuong ty ta c6 cdc tap
mo d6i xtimg qua dlem 0 khac la (N, P), (NS, PS). Nhu vay, dé xay dung nén cac tap mo ¢o tinh
dbi xung, ta chi can diéu chinh gia tri cac diém a (d01 v6i bién €), b (d6i voi blen ce)vac,d (d01
v6i bién u) nhu trén Hinh 6. Vay, dé t6i uu bd diéu khién md FLC-sugeno, ta can t6i uu 7 bién
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bao gém 4 bién cho viéc diéu chinh hinh dang tip md 13 a, b, ¢, d va 3 bién cho viéc xac dinh Ke,
Kce va Ku dé anh xa tir mién bién thién vat ly vé mién [-1 1]. Mién tim kiém cho céac bién dugc
xac dinh trong khoang: a, be[0,2, 0,75]; c<[0,45, 0,75]; de[0,25, 0,45], Kee[0,015, 0,025],
Kcee[0,001, 0,01], Kue[10, 200].

NB NS ZE  PS PBENB N NS ZE P ps PB

-1 -a 0 a 1 -1 d o - 0 c d 1
-b b
Biéne, ce Biénu
Hinh 6. So d6 t6i uu b¢ diéu khién FLC-Sugeno bang PSO

Hinh 7 mé ta viéc s dung IMO dé tim ra céc tham sb ti wu cua cac bo diéu khién mo. Mai
ion s& dai dién cho 7 tham s cua mot bo diéu khién mo {CSi}. P thich nghi cua timg ion dugc
danh gia nho ham fitness cho ta cac gia tri fiti. lon {CSi} dwoc xem la thich nghi nhét néu c6 gia
tri fit; nho nhat. Khi diéu kién hoi tu dam bao, ta s& tim duoc ion chira cac tham sb phd hop nhét
cua bo diéu khién. O ddy, ham thich nghi chinh 1a gia tri tong sai léch tuyét déi (IAE) duoc tinh
theo (7).

M
fit, (k) = >_[e; (k)| )
=1
Trong do: e(k) la sai léch gitra dau ra Iy thuyét va dau ra thuc té;
M 14 s6 lugng méu can khao sat.
Tham sG'cla

W BO di€u khién mG| & »|  Xac dinh gié tri

A Sugeno fitness

fiti Dling

y

DUa ra ion tot

Sai ~
- nhAt
Hinh 7. Téi wu tham sé bé diéu khién mo ding IMO
4. Panh gia két qua thong qua md phéng va thuce nghiém
208.2
i 5 +3.64s + 1.899 =EI
Hinh 8. So @6 m6 phong diéu khién déng co dién mgt chiéu dung bé diéu khién Pl
Bang 3. Thiét Igp gia tri tham chiéu cho md phong
Thai gian [s] 0-4 4-8 8-12 12-15
Van téc dat [vong/phat] 500 700 400 200
Bang 4. CAc tham 6 tdi wu tim duwot cua bé diéu khién PI_IMO va Fuzzy_IMO
KP Kl
PILIMO 0,0208543 0,555561
Fuzzy IMO a b c d Ke Kce Ku

0,277744 0,64584 0,47924 0,44989 0,03308 0,001 22,7604
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Dé kiém ching két qua cua phuong phap dé xuat, ching toi sir dung cong cu MATLAB
simulink cho md phong danh gia viéc 6n dinh dong co mét chiéu cua b didu khién mo néi trén
trong khoang thoi gian 15s ban dau tai toc do 700 vong/phut va sau do tai cac toc do dat khac
nhau nhu trong Bang 3. Cac két qua nay ciing duoc so sanh véi cac két qua hoat dong cua bo
diéu khién PI ¢6 tham s Kp, Ki ciing duoc chinh dinh bai IMO (Hinh 8) trong cung diéu kién
hoat dong. Sau khi chay t6i wu nhiéu Ian, ta nhan duoc cac tham sé téi wu cua hai b diéu khién
PI_IMO va Fuzzy IMO nhu trén Bang 4.

Puong dic tinh cua cac bo diéu khién dugc mo ta trong Hinh 9. Céac tham s cu thé vé chat
lwong hoat dong cua cac bo didu khién duoc mé ta trong Bang 5. Céc két qua nay cho thiy so véi
P1_IMO, bo diéu khién Fuzzy IMO c6 thoi gian xac lap nhanh hon (1.42378 s so v&i 2,1787 ),
dd6 qua diéu chinh thip hon (0,51% so véi 0,92%), tong sai léch tuyét ddi (IAE), tong binh
phuong sai 1éch (ISE), trung binh binh phuong sai 1éch (MSE) déu nho hon. Bic biét, khi toc do
dit thay doi lién tuc, bo diéu khién Fuzzy IMO cho thay sy on dinh hon nhiéu.

800 800

Fuzzy-IMO
PI-IMO

700 | o ———— 700 |- Nr———

600 |

Fuzzy-IMO | 600 [
Pi-IMO

a
o
1S

Toc do (Vong/phut)
N w B
g8 8 8
Tdc 9 (Vonglphut)
N B
o o
o o
¢
|
)2
|
I‘

o
IS
o
<}
—

o
o

o

5 10 15 o 5 10 15
Thei gian (s) Thoi gian (s)

Hinh 9. Déc tinh ciia bg diéu khién PI_IMO va Fuzzy IMO khi toc dg dat 700 vong/phiit va khi toc dg
dat thay doi theo Bang 3
Bang 5. Mot s6 tham s6 mé phong chat lwong diéu khién khi toc dé dat la 700 vong/pht

Thoi gian Thoigian D6 qua diéu

Bo diéu khién lén (s) xac lap (s) chinh (%) IAE ISE MSE
Pl IMO 0,7762 2,1787 0,9179 1,2992e+04 7,8802e+06 9,6101e+04
Fuzzy IMO 0,876528 1,42378 0,5102 7,2371e+03  4,5595e+06 5,0104e+04
=] =] B T =

Asduinot
Digital Write:
Fing

Seoped.

To Werispece

Arduino Digital Wite2

Auduinot
Digital Write:
Pin 7

To Worispace! Te Worspace2 Compsre  Gaind
To Zer2 Arduino Digits] Writet

Hinh 10. So' d6 minh hoa viéc xay dung bo diéu khién PI thuc té
Tir céc két qua dat dwoc theo md phong, ching tdi tién hanh thuc nghiém theo so dd két ndi
md ta trong Hinh 10 dé kiém ching hoat dong cua bo diéu khién Fuzzy IMO trén thiét bi thuec.
Két qua hoat dong cua bo diéu khién Fuzzy IMO thyc té vai toe do dat 700v/p trong Hinh 11 cho
thdy, bo diéu khién Iam viéc khé hiéu qua, téc do do dugc lubn bam sat voi toe do dat, thoi gian
dap ung toc do trong gidi han cho phép. Po qua diéu chinh thip, duong dic tinh dao dong rat nho
(bai nhidu) xung quanh vi tri tc do dit.
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; ! ! ! 5 r L | i) »
Hinh 11. Két qua hoat dong ciia b diéu khién Fuzzy IMO thiee té véi toc dé dat 700v/p
4. Két luan

Trong bai bao ‘nay, tac gia trinh bay cac budc chi tiét cho viéc su dung giai thuat IMO dé tim
kiém cac tham sb ctua b diéu khién PI hay Fuzzy Sugeno nham 6n dinh toc do dong co mot
chiéu. Tir mot md hinh phan cung minh hoa bai toan 6n dinh tde do dong co mot chiéu, tac gia
tién hanh nhan dang mo hinh d6i tugng thuc thong qua Identification Toolbox cua MATLAB.
Tlep d6, dua trén ham truyén dat thu duoc cua déi twong nhan dang, tac gia xdy dyng bd dleu
khlen kinh dién PI va Fuzzy. Cudi cung, thuat toan IMO dugc sir dung dé tim kiém cac tham sO
t6i wru cho bd diéu khién PI va Fuzzy. Céac két qua kiém ching trén mo phong va thuc tién cho
thdy, bo diéu khién st dung giai thuat IMO c6 chat luong diéu khién tot. Dac biét, két qua mo
phong ciing cho thay, so voi bo didu khién PI, bo diéu khién Fuzzy cho chit lugng diéu khién tot
hon, nhét 1 khi tbc d¢ dat thay doi lién tuc. Piéu nay chung t6 rang, hoan toan c6 kha ning ap
dung giai thuat IMO cho viéc tim kiém céc tham sd dé nang cao chét lugng hoat dong cia cac b
diéu khién trong thuc té.

Loi cdm on

Nghién ctru nay dugc tai tro boi quy ‘h(:) trg nghién ctru khoa hoc cua Truong Dai hoc Cong
ngh¢ thong tin va Truyén thong (thudc d€ tai cap truong ma s6 T2020-07-15). Ching tdi rat cam
on Nha truong cung cac dong nghiép da ho trg va dong goép nhiéu y kién quy bau cho viéc thuc
hién nghién ctu.
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