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Abstract: The PID controller is widely used and considered a fundamental
component in industrial drive systems, playing a crucial role in regulating the
motor's dynamic response. Therefore, this study focuses on enhancing the
performance of PID controller parameters using the Particle Swarm
Optimization (PSO) algorithm. In addition, scalar control is adopted to establish
a control scheme integrated with the dynamic model of a threephase induction
motor for performance evaluation and analysis. Simulation results obtained
from MATLAB/Simulink demonstrate that the proposed PSO-PID controller
achieves ITAE indices of 78.556 and 12.514, which are lower than those of the
conventional PID controller (98.63 and 13.32) for simulation cases 1 and 2,
respectively. Furthermore, quantitative performance metrics, including
overshoot, steady-state error, and settling time, indicate that the PSO-PID
controller provides superior dynamic performance compared with the
traditional PID controller.
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Toém tat: Bo diéu khién PID dwoc trng dung rong rai va dién hinh trong cac hé
truyén dong, 1a mot trong nhirng phan tlr quan trong trong viéc diéu chinh dap
rng cla dong co. Do d6, nghién clru nay tap trung vao viéc cai tién hiéu nang
bd théng sé PID trong cAu tric cla bd diéu khién nay dwa trén giai thuat toi wu
héa bay dan (Particle Swarm Optimization - PSO). Bén canh do, phwong phap
diéu khién vé hwéng (Scalar control) dwoc (rng dung dé thanh 1ap so dd diéu
khién két hop mé hinh déng hoc clia ddong co khdéng ddng bd ba pha dé danh
gia va khao sat dap ing. Cac két qua trén phan mém MATLAB/Simulink chirng
minh bd diéu khién PSO-PID c6 chi sb ITAE Ian lwot 1a 78.556 va 12.514, thap
hon chi s6 ITAE cta bd diéu khién PID truyén thdng 1a 98.63 va 13.32 tuwong
&ng v&i trwng hop mé phéng 1 va 2. Ngoai ra, cac két qua dinh lwong dé
danh gia chat lwong dap &ng nhuw d6 vot 16, sai sb xac lap va thoi gian xac lap
cla bd diéu khién PSO-PID hiéu quéd hon so v&i bd diéu khién PID truyén
théng.

Tw khéa: Bong co khong déng bo, tdi wu héa bay dan, Bod diéu khién PID,
Diéu khién vé hwéng.

1. Gi&i thiéu

Vé&i wu diém vé két cau don gian, kha nang
lam viéc tin cay va hiéu qua kinh té, dong co khéng
ddng bo ba pha (KDBBP) duoc trng dung phd bién
trong nhiéu linh vwc céng nghiép va dan dung, cu
thé cac rng dung nhw quat, tuabin, may bom, thiét

tiép (Direct Torque Control - DTC) va tuyén tinh héa
phan hoi (Feedback Linearization - FBL) da dwoc
dé xuét trong [8] nham cai thién hiéu nang dap rng
tbc do. Tuy nhién, nhwoc diém cla cach tiép can
nay la so dd diéu khién phtrc tap va yéu cau phan
ctrng thwe hién cao, mac du hé théng dat d6 chinh
xac va én dinh tét [9].

bi dién, déng co tau hda, xe dién, 6 t6, bang

chuyén [1]-[4]. Tuy nhién, nhwoc diém Ién cla loai
dong co nay la sy lién két gitva mé-men xoan va
tir théng, khién viéc diéu khién tbc d6 tré nén kho
khan hon [5]. Mt s6 ky thuat didu khién da duoc
ap dung dé khac phuc van dé nay nhu phwong
phap diéu khién twa tlr théng ré-to dwoc trinh bay
trong [6], [7]. Viéc két hop diéu khién mo-men truc

Bo didu khién (BDK) PID trong so db diéu
khién V/f vong kin nham muc dich diéu chinh linh
hoat tan s6 diéu khién dau ra, tir d6 thiét 1ap tbc do
thwc ctia dong co bam sat véi téc do tham chiéu.
V&i BDK PID théong thwong, viéc xac dinh cac
thong sé K,, Ki, K4 bang phwong thirc tinh toan
truyén théng kha phtrc tap va thwdng dwa vao kinh
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nghiém cla nguwoi thiét ké [10]. D& don gian hoa
viéc xac dinh bo théng s PID phi hop véi tirng ddi
twong diéu khién, nhiéu nghién ctu trwéc da ap
dung céc giai thuat thong minh dé tim kiém gia tri
tbi wu.

Trong nghién ctru [11], tac gia (rng dung giai
thuat di truyén (Genetic Algorithm - GA) két hop
gidi thuat me (Fuzzy Logic) gdm 29 bé mau huén
luyén dé tim Kp, Ki téi wu. Twong tw, nghién ctru
[12] st dung giai thuat PSO dé tim bo théng sb PID
tdi wu trong khéng gian tim kiém. Trong nghién
ctu nay, ky thuat diéu khién vé hwéng duoc lwva
chon nhé wu diém vé cu trac don gian, kha ndng
trién khai thuan tién va tinh phé bién trong cac trng
dung truyén déng khéng yéu cau dé chinh xac cao.
Trén co sé do, giai thuat PSO dwoc tich hop nham
nang cao hiéu nang ctia BDK PID théng qua ham
danh gia dwa trén sai sb tbc d6.Ngoai ra, tac gia
trong [13] trinh bay ly do BPK PI dwgc (rng dung
réng rai hon PID trong diéu khién téc d6 dong co
KDBBP do Kd lam tang do nhay véi nhiéu. D6 ciing
la mét trong nhirng muc dich ma nghién ctru nay
duwoc sir dung BPK PID dé khao sat va danh gia
dd hoi tu cGia thanh phan dao ham (D).

2. Co s& ly thuyét
21. M6b hinh héa dong coo KDBBP

M6 hinh déng hoc ctia ddéng co KBDBBP dworc

biéu dién trong hé toa dé tinh (a,B) nhw sau [14]:

S d¥;

Ue=Ryj+ 2 (1)
0=Rﬁf+ﬁ-jwr¢f 2)
—S =S

Wo=Lig*+Lois (3)
W, =L mig* L 4)

L. =S, A 4 ol
Trong do: ugla vec-to dién ap sta-to; i, 15 la

vec-to dong dién sta-to va ré-to; EIjz, fljf la tir thdng
sta-to va ré-to; R , R, 1a dién tré sta-to va ro-to; L,
L., L, ladéty cam sta-to, ro-to va dd tr hda; w,
la téc dd géc ro-to.

Tw phuwong trinh (1), (2), (3), (4) ta suy ra
dwoc mé hinh toan hoc twong dwong bao gébm
dong dién sta-to va dong dién ré-to trong hé toa dé
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(a,B) duwoc trinh bay:

d|sa =9 (uSa Rs L

R
m L isa wlsﬁ |ra+w 'rB) (5)

dISB Usg Lp Rs . . R, .
dt =0. (Lm wr'sq |SB'wr|ra+L_r|rB) (6)

d(;rta =6. (Usa IES isatur 'sB t_rwrirﬁ) (7)

di u Re L Re

drtB =6. (SB ~Wrlsq- L lsp- LW rrgt [ rB) (8)
R I WP B

Trong do: o —Ler'ern ; 6 —ern L

Phwong trinh mé-men dién tw:

Te_E*L_mp (wralsﬁ wrg sa) (9)

Trong dé: p la sb déi cuc.
Méi quan hé mé-men dién tlr va mé-men tai:

Te=ToHogm =T+ S (10)

Trong d6: T. 1a mé-men tai; wy,= wr/p la tbc
do goc ré-to quy vé phia co hoc; J 1a mé-men quan
tinh cua dong co.
2.2. Ky thuat diéu khién vo hwéng VI hang sb

Nguyén tac cbt I6i cia ky thuat diéu khién
nay 1a duy tri ty 1& dién ap trén tan sé khong déi
nhdm dam bao tir thong sta-to dwoc gitk n dinh
[15],[16]. Bién ap cam (rng trén cudn day sta-to co
mbi quan hé tryc tiép v&i tir thong sta-to va tan sb
ngudn cép:

Ve rus =444 F"N*p_*g (11)

Trong d6: N 1a s vong day trén méi pha sta-
to va ¢ la hé sé hinh dang lién quan dén dang séng
cam &ng. Vi vay, dé tir théng dwoc gitr khéng dbi
thi ty s6 V/f dwoc trinh bay:

T = constant & \/'= 22 (12)

rated

Trong d6: Viaeq 1@ dién ap danh dinh cua
dong co, fraeq la tAn sb danh dinh cta dong co,
V'la dién ap digu khién, f la tn sé didu khién.
2.3. Thiét ké BDK PSO - PID

Thuat toan PSO (Hinh 1) dwa trén quan thé
st dung chuyén déng clia bay dan, mé phéng hanh
vi tim kiém thirc &n cuta cac loai sinh vat [17],[18].
Tai thoi diém ban dau, méi ca thé trong mét quan
thé dwoc khéi tao véi vi tri X; va van téc V; ngau
nhién trong mét viing khéng gian tim kiém:

Xi=Xi,min+rand(xi,max'xi,min) (13)
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Vi=Vi,min+rand(vi,max'vi,min) (14)

Trong do: X min 1a gi¢i han vi tri nho nhét va
Ximax & giéi han vi tri I&n nhat cda ca thé thw i;
Vi min 12 gi&i han van tdc nhd nhat va V, ax 12 gioi
han van téc I&n nhat cla ca thé th& i. Qua trinh
danh gia chét lveng nghiém dwa vao ham muc tiéu
X; va V, dwoc cap nhat lai theo (15), (16):

VW =(oVi+Cyrq-Xi+Colp #GPX (15)

Xi,new=Xi+Vi,new (16)

Phan & Tran

Trong d6: V" la van tbc méi cla ca thé the
i & vong I&p hién tai; V, van tdc clia ca thé thir i &
vong l&p truwéc dé; w=0.7 la hé sé quan tinh; ¢4,c,
la cac hé sbé hiéu chinh; rq,r, 1a cac hang sbé ngau

nhién khoang [0-1]; P*®%! Ia vi tri t&t nh&t cOa ca thé
the i tinh dén thoi diém hién tai: G 1a vj tri tét
nhat cGia quan thé; X" 13 vi tri m&i cla ca thé thi
i & vong 1ap hién tai; X; 1a vi tri cia ca thé thir i &
vong lap truvde dé.

Khai bao di¥ liéu ban dau va

Dirng va xuat
ket qua
|TAEGbESt, XGbest

didu kién dirng
3 It=1t+1

Cap nhat téc

Khai bao cac théng s ¢,

c2, cac hé so ngau nhién,

khé&i tao X & V ngu nhién

v
Chay Simulink hé
truyén déng
v

Cam bién
do toc db

v

Tinh toan & danh gia
ham muc tiéu ITAE

v
Xac dinh ITAEPest Xbest

dé maoi Ve
v
Cap nhat vi tri Chay Simulink hé
md&i Xnew truyén déng
v
Tinh ITAE™" Cam bién
do toc d6

TAE™ < [TAESS >

dung
ITAE®®st = | TAE ¥
XPbest = Ynew
v

A

|TAEGbeSt, XGhest

LLPU |TAEGbesl XGbESt

Hinh 1. Lwu d6 thuét toan PSO

O day vec-to vj tri clia ca thé dwoc khai bao
Xi=[Kp, Ki, Kg] dwoc xem la bién diéu khién. Gioi
han khong gian tim kiém Ximin=[0, 0, 0] V& Ximax =
[2, 10, 2]. Ham muc tiéu 14 sai sb tuyét ddi tich phan
theo thoi gian ITAE (Integral of Time-weighted
Absolute Error) [19], dwoc dinh nghfa theo biéu
thire:

ITAE= [ t.|e(t)|dt (17)

V6i e(t) 1a sai sé gitra téc d6 tham chiéu va
toc do thwce trén truc ro-to.
ITAE gitp hé théng dat dap rng muot hon

va nhanh chéng hon, nh& kha nang phat manh cac
sai s6. Muc tiéu clia thuat toan PSO la tim cuwc tiéu
clia ham muc tiéu ITAE twong &ng bo théng sb K,
Ki, Kq t6i wu nhét.
3. So’ d6 diéu khién dong co KDBBP dwa trén
ky thuat diéu khién vé hwéng véi cac thong s6
PID t6i wu

Sau khi di qua khau diéu khién vé hwéng V/f
(Hinh 2), tin hiéu tan sb diéu khién va bién do dién
ap dwoc két hop dé tao thanh tin hiéu dién ap ba
pha. Tiép d6, dién ap 3 pha diéu khién nay duoc
so sanh v&i séng mang tan s 10KHz tao thanh

12
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céac xung chuyén mach bién tan. Bién 4p 3phasau  trinh (18):
khi chinh lwu qua phép bién dbi Clarke sang hé toa w1 &1-1-17[ua
dd tinh (a,B) dé cap ngudn vao dong co hoat dong. [UB] =< \/52 55 Up (18)
Phép bién dbéi Clarke dwgc miéu td nhw phwong &05 -7 |ue
Vm | I
a=a @
Diéu ché GQE ‘K} |
4 réng xung [—2 Nghich B
Mref e B() d_léu f ||‘< o, Uab.c e ey 3 pha -
~/ 7| khién PID | i
el 3 o PSO A
LK, ol |
R el o )
. Ka : '. : st [ » Ghest, |
: ‘-----------“—: ) T :C’ bié
el XS "'.'.--..-5.--1." Pbest, ] ?(":2 dlgn

Hinh 2. So d6 diéu khién vé hwdng V/f vong kin cho dong co KDBBP trng dung BBK PSO-PID

Chénh léch gitra tbc d6 thuc va téc d6 tham
chiéu dwoc dwa vao khau PID dwoc biéu dién &
phuwong trinh (19). Ba hé s6 K,, Ki, Kq dwoc tim
kiém t6i wu bdi thuat toan PSO théng qua ham muc
tiéu ITAE.

de(t)

f(t) = Kp-e(t) + K. [fe(®)dt+Ke. =2 (19)

4. Két qua mé phéng

Tién hanh mdé phéng déng co KDPBBP cé
théng sb: Rs=3,179 (Q); Rr=2,118 (Q); Ls=0,209
(H); Lr=0,209 (H); Lm=0,192 (H); f=50 (Hz); p=2;
J=0,047 (kg.m2). Cac kich ban chay mé phéng
dwgc chia thanh hai tredng hop nhw bang 1.
4.1. Trwong hop mé phéng 1

200
» 150
3
E Min = 78.556 tai vong lap 25
100 | T~
50 : ‘ : T

0 5 10 15 20 25
So vong lip

a)

Trwdng hop 1, sau 25 |an 13p cua thuat toan
PSO chay mé phdng déng co véi tbc dd dat 1300
vong/phut. Thuéat toan tim dwoc bod théng sé tdi wu
nhat K,,K,Ks 1an lwot 1a 0.01094; 0.15088; 0.00
(Hinh 3b) v&i gia tri héi tu 78.556 tai vong lap tha
25 (Hinh 3a). Tai giai doan khé&i dong, dong co tang
tbc tir 0 dén téc d6 dat 1300 vong/phut trong thoi
gian x&c lap 0.396 giay véi dé vot 16 0.47 (Hinh 3c).
Pé tiép tuc danh gia dap &ng cla dong co, tién
hanh doéng tai 5Nm tai thoi diém gidy thi 2 va giay
thtr 3 (Hinh 3d). Téc d6 déng co bi dao dong va
phuc hdi sau khoang 0.5 giay. Bén canh d6, déng
co ciing sinh ra mé-men dién tlr d& dap (r’ng mo-
men tai.

0.2
0.15 0.15 0.5
0.15| 0.13 (U8 F i N
E RPN o e i
= e
~(2 0 l ' ﬁKi
(E. —Kd
0057002 002 |
it 0.01 0.01 0.01
" L P - (X0
0 001 0015 10 15000 29 25
So vong lap
b)

Hinh 3. Két qua mé phéng (rng véi trudng hop 1

13
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1500 - : - - 30 - ;
1 ) 6 )
b | = r—— S — ;—’; \‘ ‘ 4 :7””"}
1 " 2 |
= =200 A _ 2l
21000 ,' - E 1.:_! \ 2 0 pa :
5 { 1400 1350 1 : < ||v \ 0.5 0.6 0.7 2 2
=y [} ‘ E 10 -
by [ 1300 1300 = = = === £ = ,
S 500 ( ’ J S |
f | 1200 1250 L = 0~ -\,, " — !
{ 04 06 08 2 25 _ _
{ - =ref —PID - - PSO-PID| o |- =T-load —PID — PSO-PID
% 1 2 3 4 o0 1 2 3 4
Thoi gian (gidy) Thoi gian (gidy)
c) d)
Hinh 3 (tiép). Két qua mé6 phdng &ng véi trwerng hop 1
(a) D&c tinh hoi tu ctia ham danh gia ITAE, (b) Théng sb PID bién thién qua tirng vong I&p
c) Bap trng tbc do cla déng co, (d) Pap r’ng mé-men clia ddng co
Bang 1. Cac trwong hop chay mé phéng
. Mé- ] .
. Toc do dat ° Ten S0 lwong ca the P .
Trwong hop (vong/phtit) tai (Np) So vong lap
ap (Nm) Y
1 Khong dbi Thay dbi 10 25
2 Thay dbi Thay dbi theo téc do 10 25
Bang 2. Bang thdng ké théng s6 ctia BDK va danh gia chat lwong dap (rng ctia déng co
. Théng sé PID Chét lwong dap tng
Treong gy gid Thoi gian
hop mé > ITAE Pé Sai sb og
. khién K, Ki Kq < A xac lap
phéng vot 16 xac lap i
(giay)
1 PID 98.63 0.013 0.15701 0.0018 5.022 0.3203 1.035
PSO-PID 78.556 0.01094 0.15088 0.00 0.47 0.05 0.396
5 PID 13.32 0.41864 2.60356 0.0032 0.253 0.00653 --
PSO-PID 12.514 0.27642 2.52836 0.00 0.19 0.00041 -

V&i kich ban st dung BDK PID truyén théng,
tbc dd dong co co dd vot 16 cao (5.022) tai giai doan
kh&i dong. Twr do, kéo theo thdi gian xac lap lau
hon va sai sb xac 1ap 16n hon so véi BDK PSO-
PID (Bang 2).

nay [20].

/

4.2. Trwong hop moé phéng 2

TL
Ti o w?

TL= constant

L1
Troec—
(1)

> W

Hinh 4. Méi quan hé gitra mo-men va tbc do

Dé khao sat thém tinh kha thi va rng dung
thwc t& cla phwong phap diéu khién téi wu dang
nghién clru. Tac gia mé phéng déng co chay voi
moé-men c6 dwong dac tinh ty 1é vé&i binh phuwong
tbc d6 nhw (Hinh 4). Cac loai dong co nhw quat,
may bom, may thdi khi str dung dwdng dac tinh

14
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Trwong hop 2, sau 25 1an 13p cla thuat toan
PSO chay mé phéng déng co voi tbc do dat bién
thién theo ham déc. Thuat toan tim dwoc bd théng
s6 t6i wu nhat K, K,Ks lan lwot la 0.27642;
2.52836; 0.00 (Hinh 5b) vé&i gia tri héi tu 12.514 tai
vong lap thir 23 (Hinh 5a). Khi déng co tang téc
hay gidm téc, déng nghia mé-men tai cling tang
ho&c gidm ty 1& thuan véi téc dd (Hinh 5¢) va (Hinh
5d). Téc dd déng co bam theo téc do dat tang tbc
tr 0 - 0.5 gidy. Sau khi dat dwoc toc dd dinh mirc
1420 vong/phut, déng co hoat déng on dinh quanh

100
g
g 507 Min = 12.514 tai vong lap 23
.h \
'—
0 | ‘ ‘
0 5 10 15 20 25
So vong lap
1500
—_—
21000
z ' 1210
. i [ —
‘% / 1420 i !-r 1205 :\ R
. 1400 (11 VL T Er
€ s00} ) ! 1200 2
¥ 05 06 07 3 3.1
[
/ - —ref — PID - —~PSO-PID|
0 | : :
0 1 2 3

Thoi gian (gidy)
c)

4

Phan & Tran

gia tri tham chiéu. Giai doan tir 2 - 3 giady, téc do
déng co gidm dan va gitr 6n dinh sau giay thi 3.
V6i kich ban st dung BDK PID truyén théng,
déng co cé dap ng tbc dd cham hon so véi BBK
PSO-PID trong giai doan tang téc. Trong giai doan
gidm tbc do, cu thé tai thoi diém giay thir 3, téc do
doéng co khi st dung PID truyén théng co dd vot 16
cao hon PSO-PID v¢&i gia tri lan lwot la 0.253 va
0.19. Sai sb xac lap ciing Ién hon, do doé chi sé
ITAE cla PID truyén théng cling cao hon so véi

BDK dé xuét.
3

248

239 253
_«‘#4» e e s Ao
/ 247 2.50
22 |
= / iy
2 “ —Ki
=1 " —Kd
T 1063 |
4 f},* 0.28 0.26 0.26 026 028
o 000 600, 000 , 0,00, 000
0 0.03 5 10 15 20 o
So vong lap

0-men (Nm)

0
( |- =T-lead —PID -~ PSO-PID
0 1 2 3 4
Thoi gian (gidy)
d)

Hinh 5. Két qua md phdng (rng v&i trwdng hop 2
(a) Pac tinh hoi tu ca ham danh gia ITAE, (b) Théng sb PID bién thién qua tirng vong lap
(c) Béap ng tbc do ctia dong co, (d) Bap r’ng mo-men ctia ddng co

Qua 2 trvong hop mo phong, giai thuat PSO
khi dwoc ap dung déu chirng minh tinh hiéu qua,
cho thdy khd nang dap wng téc d6 nhanh hon
(settling time), d6 vot 16 th&p (overshoot), han ché
sai sd xac lap (steady-state error) va it gon séng
mod-men (torque ripple) so v&i phwong phap PID
truyén théng. Bén canh vai trd ctia bo théng sé PID
duwoc tbi wu bang thuat toan PSO, cac két qua mo
phéng ciing cho thdy phwong phap diéu khién vo

hwéng V/f gile vai trd nén tang trong viéc dam bao
tinh &n dinh cta hé truyén déng. Viéc duy tri ty lé
dién ap/tan s khong ddi giup tir théng sta-to dwoc
gitr 6n dinh, qua d6 ddm bao kha nang sinh mo-
men dién t& phu hop khi tbc d6 va mo-men tai thay
ddi. Trén co s& do, BDK PSO-PID phét huy hiéu
qué trong viéc cai thién chat lwgng dap (ng dong
hoc ctia hé théng ma khéng lam tang dé phcrc tap
clia cau truc diéu khién.
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5. Két luan

Bai bao nay da trinh bay va phan tich hiéu
qua phwong phap diéu khién v6 huwéng vong kin
dong co khong déng bd ba pha, trong d6 s dung
BDK PID két hop thuat toan PSO dé tbi wu thong
sb clia BDK. Bén canh d6, qua hai tredng hop moé
phdéng, ta nhan thay hé sb Ky cé xu huwéng hoi tu
vé 0 sau qua trinh 13p nhiéu lan. Diéu nay cling
ching minh rang thanh phan dao ham (D) khéng
can thiét do tinh chéat quan tinh I&n cta dong co
khong ddng bo.

Viéc st dung ham danh gia ITAE giup hé
théng diéu khién dat dwoc d6 6n dinh cao hon va
phan &ng tét hon khi cé bién déng tai. So véi BBK
PID truyén thdng, gidi phap dé xuét khoéng chi cai
thién kha nang thich ng téc d6 d&t ma con toi
thiéu hda thoi gian xac 1ap va giam thiéu sai s6 diéu
khién trong subt qua trinh van hanh. Ngoai ra, céu
trac diéu khién van gitr dwoc tinh don gian va kha
nang trién khai thuc té. Két qua nay mé ra hwéng
nghién ctu tiép theo trong viéc ap dung thém cac
thuat toan tbi wu méi vao diéu khién déng co hodc
m& rdng sang cac phuwong phap diéu khién vec-to
nhw dinh hwéng tir théng ré-to hodc diéu khién mo-
men truc tiép.

L&i cam on

Nghién ctru nay dwoec tai tro bédi Trwedng Dai

hoc Tén Bac Théng.
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