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UNG DUNG THUAT GIAI DI TRUYEN
~ (GA) DE XAC PINH THONG SO BQ PID TRONG
PIEU KHIEN TOC PQ PONG CO KHONG PONG BQ BA PHA

USING GENETIC ALGORITHM (GA) TO CREATE A PID
SPEED CONTROLLER FOR THREE-PHASE INDUCTION MOTOR

Tran Tin Khang, Nguyén Minh TAm
Truwong Dai hoc Sw Pham Ky Thuat Tp. HCM
TOM TAT
Noi dung chu yéu cua bai bao ndy la trinh bay van dé thiét ké b diéu toc dong co khong déng
bé ba pha kiéu PI, sir dung thudt gidi di truyén (GA). Tdc gia da vmg dung phirong phap diéu
khién dinh huong tir thong (FOC) cho dong co, mo ta chi tiét vd thiét ké mé hinh cé khdu uoc
lirong toc dj sir dung phwong phap mé hinh thich nghi theo mau chudn (MRAS). Thong s6 PI
cua khc?u hiéu chinh sai so toc do trong khdu woc lwong ciing dwoc xdc dinh bang thudt giai
di truyén (GA).

Chirong trinh gidi thudt diéu khién va mé hinh mé phong dwoc viét bang ngon ngiv Matlab —
Simulink phién ban 2009a. Bai bdo so sdnh két qua dat dwoc véi hai phirong phdp diéu khién.
Thir nhat la xdc dinh théng sé PID bang phwong phap logic mo (Fuzzy logic) va thir hai la
thudt todn bay dan (PSO). Két qua mé phong cho thdy thudt giai di truyén toi wu hon phirong
phap logic mo. Két qua cia hai phwong phdp GA va PSO déu téi wu nhw nhau.

Tir khéa: B diéu khién PID, gidi thudt di truyén (GA), phwong phap diéu khién dinh huwdng
tir thong (FOC), phuwong phap mé hinh thich nghi theo mau chudn (MRAS), ngén ngit Matlab
— Simulink, logic mo' (Fuzzy logic), thudt todn bay dan (PSO).

ABSTRACT

The aim of this paper is to create a PID speed controller for three-phase induction motor by
using genetic algorithm (GA) and the field oriented control (FOC) method of induction motor.
In addition, a speed-estimation process with the model referencing adaptive system (MRAS)
was presented in detail. The estimated-modelling also used the GA to identify Pl-index for
tuning speed error.

The Genetic PID-speed controller software was implemented using the Matlab-simulink
version 2009a. This paper’s results are compared with two kinds of tuning methods of
parameter for PID controller. One is the controller design by the Fuzzy logic and the other is
the Particle swarm optimization (PSO). Results showed that the proposed PID parameters
adjustment by the GA is better than the Fuzzy method. Results of the GA and PSO are at the
same level.

Keywords: Proportional integral derivative controller (PID), genetic algorithm (GA), field
orientated control (FOC), model referencing adaptive system (MRAS), fuzzy logic, particle
swarm optimization (PSO).

1.Giéi thiéu

Phuong phap diéu khién dinh huong tur khién doc lap. FOC la phuong phap diéu
thong (FOC) duge s dung pho bién véi khién dong stator chu yéu dya vao bién do
hiéu sudt cao trong viéc diéu khién dong co va goc pha va ddc trung la cac vector. Diéu

vi tr thong va moment cé thé duge diéu khién nay co ban dua vao sy tham chiéu vé



thoi gian va toc do trén hé truc d — g day l1a
hé truc bat bién. Su tham chiéu nay nham
muc dich dé hudng viéc khao sat dong co
khong dong bo thanh viéc khao sat cia
dong co mot chiéu. Tuy nhién do hé dong
luc ctia dong co xoay chiéu c6 nhiéu tham
sb bat dinh nén viéc diéu khién dong co
theo cac phuong phap cb truyen cO cam
bién hay khong c6 cam bién déu khong
dam bao chit luong khi c6 tai thay ddi 16n.
Trong truong hop nay cac phuong phap
diéu khién thich nghi [1], phwong phap
diéu khién PID ket hop v6i mang noron,
thuat toan di truyén (GA_PID) hoic thuat
toan bay dan (PSO_PID) la cac phuong
phap diéu khién tbi uu.

Thuat toan di truyén (Gientic algorithm-
GA) dugc Holland dua ra vao nam 1975 la
giai thuat tim kiém 10i giai téi wu trén
nguyén tic phong theo qua trinh tién hoa
va quy luat di truyén cua sinh vat trong tu
nhién..Ban chét toan hoc cia GA 1a thuat
giai tim kiém theo xac suat [2]. Thuat toan
GA c6 thé giai quyét thanh coéng nhiéu bai
toan & nhiéu linh vuc, ddc biét 1a bai toan
vé tdi wu hoa tham sé thi thuat giai GA 1a
mot lya chon thich hop [2].

2. Noi dung.
2.1. Phuong phap FOC.

Ciu tric cua hé théng diéu khién dinh
hudng tir thong rotor trong diéu khién dong
co khong dong bd ba pha duoc trinh bay
nhu hinh 1 [3]. Bang viéc mé ta cc thanh
phan cua dong co khong ddng bd ba pha
trén h¢ toa do tur thong rotor (d, q), vector
dong stator i sé& chia thanh hai thanh phan

iyva i, thanh phan i, diéu khién tu
théng rotor con thanh phan i diéu khién

moment quay [3], [4].
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Hinh 1: Cu tric co ban cua FOC.

Trén hé toa dd (d - q) dong i, duoc coi
1a dai luong diéu khién cho tir thong rotor,
tuy nhién gitta hai dai lugng ton tai khau
tré bac nhat v6i hang s6 thoi gian 7. [3].

L

1+sT, w (1

Tu cac gia tri do dugc iy, i, va o ta

l//rd =

tinh dugc goc 4.

]
®, =—=
]:"Wrd
0, =0+0,
(2)
w
6=
S

"

2.2. M hinh wéc lwong toc dd.

Téc d0 c6 thé dugc tinh toan bdi hé
théng thich nghi quy chiéu mau, trong do
dau ra cua md hinh tham chiéu dugc so
sanh v&i dau ra ctia md hinh thich nghi hay
mo hinh diéu chinh cho dén khi nhing sai
s6 gitta hai md hinh triét tiéu.

e Phuong trinh mé hinh tham chiéu:
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e Phuong trinh sai s6 mé hinh:
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e Phuong trinh hiéu chinh sai sb:
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Hinh 2: M6 hinh udc lugng tde do.
2.3. Toi wu hoa thong sé PI ciia bd diéu
toc bang thuat giai di truyén.

Ta xac dinh hai tham s6 K, Kj bang
thudt giai di truyen (GA). Mdi c4 thé hay
nhiém séc thé co hai gen K, va K. Ta ma
hoa hai tham sé nay thanh chudi sb thuc
dai dién cho mét ca thé. Ta chon ham thich
nghi 13 ham tiéu chuan tich phan binh
phuong cua sai sb (ISE) [2].
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Hinh 3: Ciu tric bo diéu tbc GA_PI.

Céc c4 thé c6 do thich nghi duge danh
gia thong qua cuc tiéu ciia ham thich nghi
trén. Ca thé nao lam cho cyc tiéu ctia ham
1 nho nhat thi do thich nghi cta ca thé d6
14 16n nhét.

Tin hiéu sai léch ey, gitra tde do dat wier va
tdc dd ngd ra wyy cua hé théng duoc dua
vao bo diéu khién PI, ngd ra u cta bo diéu

khién chinh 1a gia tri dong i (thanh phan
dong tao moment) dé diéu khién téc do
quay cua dong co. Chuong trinh xac dinh
tham sd PI dua vao luu dd gidi thuat sau:
Luu do gidi thudt.
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Hinh 4. Luu d6 giai thuat.

3. Két qua mo phong
3.1. So' do mo phéng trén Matlab
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Hinh 5. So dd m6 phong.



3.2. Két qua x4c dinh thong s6 Kp,Ki
ciia bd diéu tdc bang giai thuat di
truyén.
Thong sb clia qué trinh mo6 phong dugc
thiét 1ap nhu sau:
Téc d6 dit w_ref =157 (rad/s).
Tur thong phi_r ref=0.5 (wb).
Moment tai Mc =3 (Nm).
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Hinh 6. Gia tri Kp, Ki ctia bo diéu tdc.
Két qua dat duoc:

Gia tri Kp = 9.956.

Gia tri Ki = 0.2438.
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Qua trinh m6 phong dugce thyc hién véi sb
thé hé tdi da 1a 40, giai thuat da hoi tu sau
15 thé hé. S6 ca thé dugc sir dung trong
mot quan thé 1a 30. Hinh 7 mo ta gia tri
cuc tiéu ctia ham thich nghi trong qua trinh
mo phong.
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Hinh 7. Tri cuc tiéu ham thich nghi.

Sau day, ta s& khdo sat dap Uing ctia dong
co trong cac truong hop.

3.3 Truong hop dong co chay khong tii,
toc do khong thay doi.

Khoi dong dong co ¢ ché do khong tai
v6i toe do dit 1a 157 (rad/s), tir thong dit 1a
0.5 (Wb), thoi gian mo phong la 1s.
bap ting tbc do c6 do vot 16 3%, thoi gian
quéa do 1a 0.03s, thoi gian dap tng tién toi
trang thai xac 14p la 0.15 s. Moment tai
thoi diém mé may co do vot 16 7.643(Nm)
dién ra trong thoi gian 0.05s. Sai s6 xac lap



cta toc do ngo ra so voi tbe do dat 1a 0.127
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Hinh 8: Dap tng ngd ra khi khong tai.

3.4. Truong hop dong co chay khong tai,
toc dg c6 thay doi.
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Hinh 9: Dap ung khi téc do thay doi.

Pong co khoi dong voi van tbe 100
(rad/s) trong vong 0.5 (s), sau d6 ting tdc
1én 157 rad(/s) trong truong hop khong tai.
Tin hiéu hdi tiép vé duoc ldy tir ngd ra cia
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khau uéc lwong tde do. Tir thong dit 1 0.5
(Wb).

Do vot 16 cua tin hiéu toc do tai thoi
diém khoi dong 1a 4%.Thoi gian qua do 1a
0.03 (s). Tai thoi diém tang tde, toc do
nhanh chong tién vé trang thai xac 1ap sau
0.05 (s), sai s6 xac 1ap 12 0.127 %.

3.5. Truwong hgp dong co khéi dong
khong tai, sau do dong tii cho dong co.
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Hinh 10. Bap tng khi dong tai cho dong
CO.

Khoi dong dong co véi téc do 157
(rad/s), tir thong dat 0.5 (Wb) va moment
tai 14 0 (Nm) trong 0.5 (s) gidy dau tién.
Sau d6 dong tai cho dong co voi moment
tai la 3 (Nm). Do vot 16 cta tin hiéu toc do
tai thoi diém khoi dong la 3%. Téc do
dong co tai thoi diém dong tai van bam sat
gia tri dat. Moment tai thoi diém dong tai
c6 do vot 16 14 4.9 (Nm) dién ra trong vong
0.01 (s), thoi gian xac lap 0.05 (s) véi sai
sd xéac 1ap 14 0.13%.

3.6. Két qua so sanh dap wng toc do caa
phuwong phap GA véi hai phwong phap
Fuzzy logic va giai thuéit bay dan -PSO.

e DJ vot 10 cua tin hiéu toc do.



SPover(%)

Phwong phap

Hinh 11. D6 vot 1§ caa tin hiéu toc do.

® Sai s xac 1ap cua tin hi€u toc do.

ExI(%)

Phwong phap
Hinh 12. Sai s6 x4c lap cua tin hiéu toc do.

Két qua phuong phap Fuzzy logic trich tir
luan vin t6t nghiép cua tac gia Pham Vin
Luc, dé tai mang ten * “ Ung dung phuong
phap didu khién PID mo két hop voi
phuong phap dinh huéng trudong dé diéu
khién tbc d6 dong co khong ddng bo ba
pha” [5].

Két qua phuong phap PSO trich tir luan
vin tot nghiép cua tac gia Huynh Puc
Chan, d& tai mang tén “ Ung dung thuét
giai bay dan (PSO) dé téi uu hoa thong sd
bd PID trong diéu khién téc do dong co
khong ddng bo ba pha” [6].

3.7. Nhan xét.

Két qua cho thay két qua dap ung toc do
cia phuong phap GA tét hon so voi
phuong phap logic mo. Sai sd xéc lap, do
vot 16 ctia phuong phap GA nhé hon nhiéu
so voi phuong phap logic mo.
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Két qua cling cho thay phuong phap GA
cho tc do co dd vot 16 thip hon 50 VOi
phuong phap PSO. Tuy nhién, sai sb xéac
lap trong phuong phap PSO nhé hon
phuong phép GA.

4. Két luan.

Phuong phép tdi wu hoa thong sé bo PID
khi str dung giai thuat di truyén da cho thiy
nhirng wu diém nhu:

e Dap iing tde d6 co do vot 16 thép.

e Thoi gian dap ung nhanh, dong co nhanh
chong tré vé trang thai xac 1ap.

e Diac biét 1a khi st dung phuong phap udc
luong toc do dé hoi tiép trong qua trinh
diéu khién thi phuong phap GA giup chon
bo thong 50 Ky, K cua bo diéu toc mot
cach téi vu nhat dé sai s6 gitta dap tng ngd
ra mong mudn va ngd ra udc luong 1a nho
nhat.

e Giai thuat GA dua ra mot tép cac thong
5O Ky, Ki thich hop voi timg cap tbc do va
moment tai khac nhau. Két qua nay lam
tang sy hiéu qua khi diéu khién dong co &
nhiéu vung tdc do va phu tai khac nhau
trong diy cong suét cho phép.

e Trong qua trinh hoat dong cua dong co,
& nhitng thoi diém thay doi tai, do vot 16
cling nhu d6 sut déc & cac dai luong la
khéng déng ké.
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