Tap chi Khoa hoc Lac Hong

Journal of Science of Lac Hong University 2
S6 dic biét (11/2017), tr.1-5

Special issue (11/2017), pp. 1-5

NGHIEN CUU LUA CHON GIAI PHAP CHINH PINH TOI UU THONG
SO PID TU THUAT TOAN PSO DUNG CHO CAC HE THONG CONG
NGHIEP

Research selection of optional pid parameter optimazation solution by PSO
for industrial systems

fﬁ%ﬂv‘r}

Huynh Pirc Chén', Pao Hong Phong?, Nguyén Ngoc Tuin?

'huynhducchan@gmail.com

L2Khoa Co Pién - Pién Tit, Truong Pai hoc Lac Hong, Pong Nai, Viét Nam
*Khoa Co Dién Tir, Truong Pai hoc Su Pham Ky Thudt, TPHCM, Viét Nam
Dén toa soan: 08/06/2017; Chap nhan dang: 14/06/2017

Tém tit. Bai bao trinh bay két qua nghién ctru lra chon giai phap chinh dinh t6i wu théng sé ciia bé PID bing viéc ing dung cic
gidi thuit di truyén (Genetic Algorithms - GA) va bay dan (Particle Swarm Optimization - PSO) cho cic hé thong truyén dong
cong nghiép véi dong co khong dong bd 3 pha. Bai bao di xdy dung cac méd hinh quan tinh bac nhat ¢6 thoi gian tré (FOPDT), mé
hinh quén tinh béc hai ¢6 thoi gian tré (SOPDT) mé hinh tich phan bac hai ¢6 thoi gian tré (SOIPDT), mé hinh bac nhit khong
6n dinh c6 tré (FODUP), va md phong bang cong cu Simulink/Matlab. Két qua md phéng so sanh dap ng bd diéu khién cho thay
giai thuat két hop PID - GA va PID - PSO tét hon hin phwong phap truyén théng. Két qua ciing cho phép chon gidi thuat téi wu
nhit - két hgp PSO-PID dé thiét ké b diéu khién cé dap Gng toc d ciia ddng co nhanh, dd vot 16 thap va thoi gian xac 1ap nhé
nhét khi dong co hoat dong khong tai hodc cé tai.

Tir khod: Thudt todn bdy dan (PSO); Thudt todn di truyén (GA); Péng co ba pha; Téi wu héa

Abstract. This article presents the results of a study on selecting optimal PID parameters tuned by Genetic Algorithms (GA) and
Particle Swarm Optimization (PSO) used for Industrial three-phase asynchronous motors. The paper has developed First order
delayed unstable process (FOPDT), Second order plus dead time (SOPDT), Second order integrating plus dead time (SOIPDT),
First order delayed unstable process (FODUP) and simulated with the Simulink / Matlab tool. The simulating controller response
results show that the PID - GA and PID - PSO combination algorithms are superior to traditional methods. The result also allows
for the selection of the optimal algorithm - combining the PSO - PID to design a controller that responds to fast motor speeds, low
spikes and minimal set-up time when the motor is running with load or no load.
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Péi tuong diéu khién dugc chon trong bai bao nay la mot
s6 mo6 hinh trong cong nghiépcd ham truyén tir (1) dén (4)
dugc ing dung trong cac thi nghiém cho cac vong diéu khién
4p xudt, dong chay va luu lwong nudc trong hé bdn nudc
cong nghiép & tai liéu [4] chwong 9 va cic hé théng diéu
khién 19 hoi, diéu khién nhiét d¢...

1. GIOI THIEU

Ngay nay bd diéu khién PID (Proportional- Integral—
Derivative controller) dugc Grng dung rat pho bién trong cac
hé théng cong nghlep, do kha ning diéu khién hiéu qua, tlnh

don gian trong thiét k& va pham vi ing dung ong, co rét
nhidu phuong phap dé hiéu chinh thong s6 ciia bd diéu khién
PID, pho bién nhat 1a phuong phap Zlegler-Nlchols Tuy
nhién di voi mot s6 hé thng viée higu chinh bd diéu khién
PID bing phuong phap nay doi hoi mét qua trinh thuc
nghiém kha mét thoi gian do anh huéng ciia nhidu va sai sb
cta cac thiét bi 1én tin hiéu do dan dén viéc hiéu chinh thong
s6 ciia bo didu khién PID kho dat dwoc gia tri tot. Trong
trudng hop nay cac phuong phép hiéu chinh PID két hop véi
mang noron, thudt toan di truyén (GA- PID) [1] hodc thuat
toan bay dan (PSO-PID: Particle swarm optimization) [2] 1a
phwong phép diéu khién téi wu.

Trong bai bio nay nhom téc gia sir dung giai thuét t6i vu
béy dan va di truyén cho bd PID trong mét sb hé théng cong
nghiép [3], [4] va diéu khién téc d6 dong co khong ddng bd
ba pha. Két qua mé phong cho thdy bo diéu khién PSO-PID
[2] c6 dap tmg nhanh, d6 vot 16 thap va thoi gian xac 1ap nho
hon bo diéu khién GA-PID [4].

2. NOIDUNG KY THUAT
2.1 P6i twong diéu khién

Mb hinh quén tinh bac nhét c6 thoi gian trd (FOPDT)

_ Kexp(-L,s) (1)
= (T,s+1)
Mo hinh quan tinh bac hai c6 thoi gian tré (SOPDT)
K -L
G, (9= 2L @
(T,s+1)

Mb hinh quén tinh béc hai c6 tré cong thém thanh phin
tich phan (SOIPDT)

K -L
G (= XL 3)
s(T,s+1)
Mo hinh béac nhét khong én dinh c6 tr& (FODUP)
K -L
G (s)= Kexp(-L,5) @]
’ (Tps -1)

2.2 Tong quan vé giai thuat by dan (PSO)

PSO la mét ky thuat t8i wu hoa ngiu nhién dya trén mot
qudn thé va sau d6 tim nghiém t6i wu bang cach cap nhat cac
thé he, duge phat trién bai Dr.Eberhart va Dr.Kennedy
(1995) phong theo hanh vi ciia céc biy chim hay cac dan ca
trong qué trinh tim kiém thue an [2], [5]. Mdi ca thé trong
quan thé cap nhat vi tri ctia n6 theo vi tri tot nhit ciia no va

Tap chi Khoa hoc Lac Hdng S6 Pdc Biét




Hupnh Pirc Chin, Pao Hong Phong, Nguyén Ngoc Tudn

ciia ca thé trong quan thé tinh t6i thoi diém hién tai [5]. Qua
trinh cdp nhat cac phan tir dua trén cac cong thirc sau:

YD WV(t) +c, *rand()* (PbeSt,

m (5)
—x))+c, * Rand () * (Gbest, ,, — x\"))
xff,:') x(’) +Vl([;l),l =1,2,...,mm=12,..d (6)
Trong do:

n: S6 luong bay dan; d: Kich thugce quén thé (dimension);
t: S6 1an lap lai; v, ¥ Véan tdc cta phin tir thir i & lan 1ap lai
thir t; w: Hé sb trong lu(mg quén tinh; ¢;,c2: Hé sb gia tbc;
Rand (): La mot so ngau nhién trong khoang (0,1); x;»”: Vi
tri ctia phén tir thtr i ¢ 14n lap thir t.

Khai niém vé sy thay d6i nhitng diém tim kiém cua giai
thuat PSO dugc biéu dién ¢ Hinh 1.

V6i: XX: Vi tri hién tai; XX*: Vi tri dd dugc thay di; mK-
Van t6c hién tai; ¥A*: Van téc da duoc thay dbi; B,

best; *

trf tdt nhét cua ca thé tha i; G, : Phan tir t6t nhat ca ca thé

best;

thir i trong quan thé; VP, Van td¢ theo Presi; Vi Van tde
theo Guest

A y X.k+1

X
>
»

Hinh 1. Khdi niém vé su thay déi diém tim kiém ciia PSO

2.3 Tong quan vé thuit toan di truyén (GA)

Thuét toan di truyén (Gientic Algorithm- GA) duoc
Holland dwa vao nam 1975 1a giai thuat tim kiém 1oi giai t6i
uu trén nguyén téc phong theo qué trinh tién hoa va quy luat
di truyén cua sinh vat trong tu nhién. Ban chit toan hoc ctia
GA 1a thuit giai tim kiém theo xac suét [1].

Muc tiéu cia GA khong nhdm dua ra 16 giai chinh xé4c t5i
wu ma la dua ra 10i giai twong d6i t8i wu. Mot c4 thé trong
GA s& biéu dién mét giai phap cua bai toan
2.4 Piéu chinh b$ didu khién PID theo phwong phap

Ziegler Nichols

Phuong phéap thuc nghiém Ziegler - Nichols dé x4c dinh
tham s6 bd diéu khién PID nhu sau: [2]

Hinh 2. So d6 khdi cia hé kin ¢é bé ti 1é P

Phuong phap nay thay bé diéu khién PID trong hé kin
béng b6 khuéeh dai sau do tang K cho dén khi hé ndm ¢ bién
gi6i On dinh. Luc nay ta c6 Kgp va Tgn. Tham s6 cho b diéu
khién PID chon nhu sau:

PI: Kp= 0.45*K gy, Tr= Ta/1.2
PID: Kp= 0.6*Kgn, Tr= Ta/2, To= T8
V6K, =K, /T, vaK, =K, *T,

2.5 Piéu chinh b PID theo phwong phap di truyén
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Ham muyc tiéu: La ham ding dé danh gia cac 15i giai cua
bai toan, tiy vao ting ba1 todn ma ham muc tleu khac nhau.
Do yéu ciu mong mudn 1a t5i thiéu hoa sai sb (e(t)) ngd ra
nén ham muc tiéu c6 thé chon nhu sau: [5]

Fitness = I ‘e(t)‘.dt
0

»  Ham muc tiéu |

v
GA/ Kp
PSO | |Ki
. . KD
Gia tri da PID Péi Twong Ngo ra
—> —> Piéu Khién

¥

B6 diéu khién PID

Hinh 3. Céu triic b diéu khién PID-GA va PID- PSO

Trong giai thuat GA thi mdi phan tir s& chita 3 tham sb
Kp, K; va Kp tir d6 ta s& co luu dd giai thuat ciia hé théng
diéu khién PID-GA nhu sau:

Step 1: Khoi tao quan thé ngiu nhién ban diu gdm Kp
K;va Kbp.

Step 2: Thiét lap PID va mé phong hé vong kin dé xac
dinh sai sb e(t).

Step 3: Udc lugng gia tri ham muc tiéu.

Step 4: Kiém tra hoi tu

Step 4.1: Néu da hoi tu thi luu gia tri Kp, K; va Kp

Step 4.1.1: Két thiic vong lap

Step 4.2: Néu chua hoi tu

Step 4.2.1: Chon loc

Step 4.2.2: Lai tao

Step 4.2.3: Dot bién

Step 5: Sinh thé hé méi.

Step 6: Lip lai budc 2 cho dén khi hoi tu.

2.6 Diéu chinh b PID theo phwong phap biy dan

Trong thut giai PSO thi mdi phin tir s& chira 3 tham s6
Kp, Kiva Ky didu d6 c6 nghia la khong gian tim kiém 1a 3
tham sb trén, tir d6 ta s& c6 luu d6 giai thudt cua hé théng
diéu khién PSO-PID nhu sau: [2], [5]

Step 1: Khoi tao cho mdi ca thé tht i trong quén thé:

Step 1.1: Khéi tao gia tri vi tri (X*) cho ting c4 thé trong
quan thé v&i gia tri vi tri ngdu nhién.

Step 1.2: Khi tao gia tri van téc Vi

Step 2: Chay mé hinh

Step 2.1: Chay mé hinh diéu khién voi nhirng tham sé da
thiét 1ap trude.

Step 2.2: Tim tham 6 Kp, Kjva Kq cia bd PID.

Step 2.3: Tim ham muyc tiéu.

Step 2.4: Déanh gia ham vi tri X theo gia tri ham muc tiéu
(fitness).

5Step 3: Cap nhat lai gia tri vi tri va van tdc cho tirng ca
thé:

Step 3.1: Cap nhat gia tri van tdc va vi tri theo cong thirc
(5) va (6).

Step 3.2: Banh gia ham muc tiéu (fitness)

Step 3.3: Néu fitness < Pyes;_fitness thi

Phes= Xi¥, Prest_fitness = fitness.

Step 3.4: Cap nhat gia tri Gpest cho tirng c4 thé tuong ing
v6i vi tri nho nhat hién tai cua ham muc tiéu trong quén thé.

Step 4: Tim gia tri phin tir mai
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Néu gia tri cia phin tir méi tdt hon gia tri tt nhit ciia phin
tir trweée d6 trong biy dan, thi thay thé gia tri tt nhat trudc
d6 bang gia tri moi hién tai.

Step 5: Lap lai budc 2 cho dén khi da du s6 1an lap.

Muc tiéu ctia phuong phap hi¢u chinh PID dung giai thuat
PSO la:

Cuc tiéu hod ham muc tiéu.

Tim duoc bude dap tng cia hé thdng va lam giam sai sb
Lap lai cac budc thuc hién cho dén khi du sé budc lap lai.
3. KET QUA MO PHONG

3.1 M6 hinh quan tinh bac nhit ¢6 thoi gian tré (FOPDT)

Ham truyén tong quat dugc xéc dinh boi phuong trinh (1).
Trong d6: Hé so khuéch dai K=1; H¢ so Tp=1 va thoi
gian tré Lp =0,2.
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Hinh 3. Dap vng ngo ra cua ham FOPDT
Bing 1. Tham s6 b¢ diéu khién PID
Phwong phap Kr Ki Kb
ZN-PID!"! 6 15 0.6

(=]
[=)
[ -,
w
=

GA-PID!"! 0.94 1.4030 0.1034
PSO-PID 3.6193 3.3811 0.2213

Bdng 2. Dap ung ngo ra cua ham FOPDT

Phwong phap % t«(S) ta(S) Fitness
POT
ZN-PID 84.5 0.27 35 0.5166

GA-PID 5.52 2.0 4.5 0.5007
PSO-PID 2.0 0.5 1.4 0.3001

3.2 M6 hinh quén tinh bic hai ¢é thoi gian tré (SOPDT)
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Hinh 4. Dap umg ngo ra cua ham SOPDT
Ham truyén téng quét dwgc xéc dinh boi 'phuong trinh
(2). Trong d6: Hé s6 khuech dai K=1; Hé so Tp=1 va thoi
gian tré Lp =0,5.

Biing 3. Tham s6 b¢ diéu khién PID

Phwong phap Kp Ki Kb

2.82 1.7091 1.1562
0.87 0.9158 0.7917
2.2097 1.0447 1.2358
Bidng 4. Dap ing ngé ra cia ham SOPDT
Phwong phap % POT  t(S) tx (S) Fitness
32.62 1.35 8.8 1.3601
17.7 3.25 13.5  2.2649
456 1.60 438 1.0102

3.3 M6 hinh tich phan bic hai ¢6 thoi gian tré (SOIPDT)

Ham truyén tong quat dugc xéc dinh boi phuong trinh (3).
Tgong do: Hé so khuech dai K=1; H¢ s0 Tr=1 va thoi gian
tr¢ Lp=0,2.
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Thoi gian donvi s
Hinh 5. Dap vng ngo ra cua ham SOIPDT
Bing 5. Tham s6 b diéu khién PID

Phwong phap Kpe Ki Kb

ZN-PID!"! 3.108 2.1434 1.1266
GA-PID!! 0.9 0.9574 0.774
PSO-PID 3.0734 0.0127 2.9288
Bdng 6. Dap ung ngo ra cia ham SOIPDT
Phwong phap % POT  t«(S) tu(S)  Fitness
ZN-PID 63.21 0.9 21.3 2.034
GA-PID 63.6 2.0 40.0 8.053
PSO-PID 14.6 0.59 1.82 0.496
3.4M6 hinh bac nhat khong 6n dinh c6 thoi gian tré
(FODUP)
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Thai gian donvi s
Hinh 6. Dap 1ung ngo ra cua ham FODUP
Ham truyén tdng quét dwoc xac dinh boi phuong trinh (4).
Trong d6: Hé s6 khuéch dai K=1; Hé sb Tp=1 va thoi gian
& Lp=0,2.
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Bing 7. Tham s6 b¢ diéu khién PID

Phwong phap Kp Ki Kb

ZN-PID!" 3.01 4.324 0
GA-PID!"! 0.97 1.141 0
PSO-PID 3.97 2.8285 0

Bdng 8. Dap rng ngo ra cua ham FODUP

Phwong phap % POT t(S) tx1 (S) Fitness
12627 045 8.8 2.0388
12627  0.66 194 42497
104.82  0.44 4.1 1.0069

Két qua mé phong ctia 4 mo hinh tiéu biéu trong cong
nghiép dugc trinh bay & trén cho ta thay cac théng sé hiéu
chinh PID bz‘“mg thuat toan PSO cho ta két qua tdt hon: Do
vot 16, thoi gian dap tng, thoi gian xéc 14p va gia tri ham muyc
tidu déu nho hon so v6i phuong phap ZN va GA.

3.5Mb phéng dong co khong dong b ba pha

3.5.1Thong sb ciia ddng co khi chay bing
Matlab/Simulink
Céc thong s6 mo phong duoc cho nhu sau:
Rs=1,723 (Ohm): Dién tr¢ stator

:

R;=2,001 (Ohm): Bién trd rotor
Ls=0,1666 (H): Dié¢n cam stator

L= 0,169 (H): Pién cam rotor

L= 10,1592 (H): Pién cam hd cam
p=2: S6 d6i cuc

J=0,001 (Kg.m?): Moment quén tinh
Wrer= 200 (rad/s): Téc a6 dat

Uigm= 220 (V): Dién ap dinh mirc
Liam=2,73 (A): Dong dién dinh muirc
Inax=7 (A): Dong dién 16n nhét
M= 14,8 (Nm): Moment 1én nhét
P = SHP: Cong suét cua dong co
Ua=400 (V): bién ap DC gidi han
=50 (Hz): Tan sb

n= 80: S6 lugng by din

bird_setp =7: S6 budc lip

dim = 2: Khéng gian tim kiém 14 2 phin tu Kp va K;
w=0.9: Trong sé quén tinh

¢1=0.12: Hang sb gia téc c1

2= 1.2: Hang s gia toc c2

3.5.2S0' d6 mé phéng trén Matlab

‘ Speed_Controller

Alp bt o dy 1

Hinh 7. So dé mé phong trén Matlab

3.5.3Djng co khéi dong khong tai

Pap ung cua dong co:
+ Tdc do dat 200 (rad/s), thoi gian mé phong tir 0 dén 1s.
(t=0->1s:w_ref =200(rad/s))
+ Tir thong dat 1a 0.5 (wb), thoi gian mé phong tir 0 dén Is.
(t=0—>1s:Fi_ref =0.5).
+ Moment tai dit 1a 0 (Nm), thoi gian md phong tir 0 dén
Is.(t=0—>1:M_=0).

Bing 9. Tham s6 b¢ diéu khién PID

Phwong phap Kp Ki

ZN-PIDMI 0.187 1.483
GA-PIDP 13.1027  0.0948
PSO-PID 16.8048  0.1820

Bing 10. Bdp img téc dé ciia dong co

Phwong % t(S) ta(S) Fitness
phap POT
104 0.021 0550  6.092
0.60  0.021 0.025 3.19
0.59  0.021 0.024 3.18
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Hinh 8. Dap ung tgé'c dé cua dong co
3.5.4 Dong co khdéi dong khong tii, sau do dong tai
Pap uing cua dong co:
+ Tdc d6 dat 200 (rad/s), thoi gian mé phong tir 0 dén 1s.
(t=0->1s:w_ref =200(rad/s))
+ Tir thong dat 1a 0.5 (wb), thoi gian mé phong tir 0 dén Is.
(t=0->1s:Fi_ref =0.5).
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+ Tai thoi diém tir 0 dén 0.5s thi moment tai dat 1a 0 (Nm),  Dap tng ngd ra dat hidu sut cao cho ca 4 mo hinh co
sau do dong tai voi moment tai 1a 5 (Nm) ¢ thoi diém 0.5 ban trong cong nghi¢p: FOPDT, SOPDT, SOIPDT va
dén 1s. FODUP.

(t=0—>0.55:Mc=0;7=0.5—>1s: Mc = 5(Nm))- o Dbiv6i dong co 3 pha: Thoi gian dap tmg tde d6 va thoi

gian x4c 14p nhanh khoang 0.021s, d6 vot 16 nhoé 0.59%.
; : Vi thé trong qua trinh mé may thoi gian mé méay nhanh.
: : e Trong qua trinh hoat dong cua ddng co, ¢ nhirng thoi
diém thay dbi tai, d6 vot 16 cling nhu do sut doc & cac dai
..... PS50 lwong 1a khéng dang ké.

¢ Dong co ¢6 thé hoat dong & nhiéu dai tbe do khac nhau.

Diéu khién chinh xac tc dd ddng co voi sai s6 nho.

Pap tng tbc d6 dong co giita phuong phap GA-PID va
PSO- PID déu tét giéng nhau 1a do mé hinh toan cua dong
co ¢6 cic ham gidi han dong dién téi da 7A 1am cho qua trinh
dép ung ciia dong co khong khac nhau nhidu. Tuy nhién dya
vao d6 vot 16 va gia tri ham muc tiéu tir két qua mé phong ta
¢6 thé két luan phuong phap PSO-PID t6t hon GA-PID.
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