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Abstract

Metaheuristic optimization approach has become the new framework for control
synthesis. The main purposes of the control design are input (command) tracking and load
(disturbance) regulating. This research proposes an optimal proportional-integral-derivative (PID)
controller design for the brushless dc (BLDC) motor speed control system with input tracking
and load regulating constrained optimization by using the cuckoo search (CuS), one of the most
efficient population-based metaheuristic optimization techniques. The sum-squared error
between the referent input and the controlled output is set as the objective function to be
minimized. The rise time, the maximum overshoot, settling time and steady-state error are set as
inequality constraints for tracking purpose, while the regulating time and the maximum
overshoot of load regulation are set as inequality constraints for regulating purpose.
Results obtained by the CuS will be compared with those obtained by the particle swarm
optimization (PSO) and genetic algorithm (GA). From simulation results, it was found that the
parameters of CuS were optimal than both PSO and GA for BLDC motor speed control system
satisfying the preset input tracking and load regulating constraints. In addition, the simulation
results are confirmed by the experimental ones from the BLDC motor speed control system

developed in the laboratory.
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NNYaauAR 3 do %umauﬁugmmaami
AUMWUUENNE (CuS) mmm?uauaqﬂ%umau
MsTuees Cus I8 9 Tuney uazuandldie
wnud (Flow Chart) w83 CuS é’fﬁgﬂﬁ 7 AUAU

Junoud 1 Auafanduinguszasd
Jx), x = (x,..x)"

Funaut 2 ahaUszrnsEudues n Ju
SrnusiunviinduEudu x, =(i=12..n)

Funeud 3 FdunsasisseuNATUS I
soufiimuna vieRanasigRnisum (TC) el
Eldlvviduneud 9 Sldlsliindunoudt 4

Fumeui 4 Ussifiuaunmaesiianilidy
IngUsvad £, sdsntududonsdlysinusndu
A mIwheileduingussacn F,

Sunaudt 5 viAdldunUssuiieudne F
dAunnan Fjsi,ﬁ’ﬁwmil,muﬁé”dj Judmeoulng

Fumaud 6 nsdunusslmituazdoilen
phazduinnnin p anadidmueld dmiy
Safilairinuen p, 1‘151"177@?1"1%’&LLé”;z‘juLﬁaﬂm%’ﬂmj

Funoudl 7 Lﬁuﬁmauﬁﬁﬁqw%ﬁmau
yoseiiinanm

Funaud 8 Busdiudneuiils andundu
TUvhduneud 3

Funauii 9 ﬁ’mauqmﬁwmﬂuﬁmauﬁﬁﬁqm
wazfusanfnnnw
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- Formulate objective function f(x), x = (x;,...,%,;)
- Initial search spaces

- Randomly generate initial solutions x"

- Initialize Max_Gen, Gen = 1

L

Optimal

- n cuckoo find the new nests by solution found
Lévy flight and lay their eggs

in the random nests

- m (m<=n) cuckoo’s egg is
found by host

- m cuckoo find the new nests by
Lévy flight again and lay their
eggs in the random nests

- Evaluate all cuckoo’s eggs via f(x)

No

Yes

| - Update solutionx” = x

—| - Update Gen = Gen+1 |

JUN 7 unugiuansdane3fiuves Cus

2.3 N13BANLUUAIAIUAN PID
szuumuadlaely siilassasnuandld
fagui 8 fmuan G (s) lasudyanuminiig
Nawaa E(s) LLaza%fmﬂué’ﬁgzywmmmm U(s)
deldmupumaedinn Cls) vemaud G (s)
- % a Yy  a o w
Wedaudyn1udunndn9de R(s) waznida

dyasuniu D(s)

D(s)
R(s) E(s) Us) v C(s)

G(s) Gy(s) >
+ +

Controller Plant

35U 8 lnssasavasssuuniuaunily

Weidugnelowvessianiunu PID uansld
feaun1sil 27) Taedl K, 1udsveneideuiu
dneu (Proportional Gain) K, \ludnsvens
\Be8uiinga (Integral Gain) uaz K, \Judnsvene
\eeuius (Derivative Gain) audiu ety
a18lew3Un (Closed Loop) 835y uuAIUAL PID
anunsouansladaunis (28)

G (s)=K,+ LI K,s 27)
S

C(s)| _ GGG, () (28)
R($)|,, 1+G.(9)G,(s)

n1seenkuusEuuAIUAN PID lagld Cus
LLamiﬁﬁngﬂﬁ 9 AvelesituingUseasd f{-) 9
anUeulyiiiu Cus Wievwihfidwnamiives
K, K waz K ma@é’hmuqu PID a&19nuNzaN
Tnofidwesiladduinguszasd -) ldnainua
SINVDIAHAANAIFIABITENINAUIEIE 1989
R(s) wazanuidiads Cs) Tnefi N desiuau
Foyatiandnaluilaiduinguszasd ) il
Teglugunasandmnumuaaapdeusnias
403 (SSE) wansldiaaunisi (29) Jsrmuadu
flardumouring (Convex Function) fiau1sam
Antfoeiianls Inefl Avosilaiduingusvasd A )
awgnieuliiiu cus e liiiaosiianlums
WA IALADT K, K, wag K maaé‘hmuau
PID aghamnnzaudmiusTUUAIUANAIINGEIYEY
wame$ BLDC fumsmavsnziigauuuiieuly
lumsihfAnmudunatazn1snueliansig Cus
iiovilszuuAIUALTinane UALBIANABINS
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e Mt uase svgnimunuuuiiteuludmiv
NSHIAANIUBUNA Ty t., %8¢ M, 3wgn
ﬁmumLLUUﬁL‘q"au”lfuﬁm%’mﬁ@miﬂwam wanglel
Faaunsii (29)

) R
K, K, and K, [+ CuS fL)Q<(S—)
At
) D(s) -
v
R E U C
() E(s) G.(5) (S; G (5 (i)
+ _
PID controller BLDC Motor

Ul 9 szuuAuAu PID Tngld Cus

Minimize f(-)= i[r(i) ~c()]
=]
subject to :
t.<0.2sec.,
M, <10%,
1, <0.5%,
e, <0.1%
leg S 0.5sec.,
M, <40%,
0<K,<10,0<K,<100,0<K,<0.1

(29)
: Input Tracking

}: Load Regulating

msfumAsiiaesues Cus WWesurild
fail Srutuvesds n=22 uadndu p, =025
uIUTBUEERN (Max_Gen) = 200 gnAtvunm
T Bunausiginisdum (T0) fafu nrstvua
VOURAYBIANMNTTRDIAIAIUAN PID Azvun
Taenndasfuuigfinisdum Tusmuifeias
JumsiSeuiflsunaniseanwuudiniuau PID
dwiutewmeas BLDC My CuS iU PSO uaz GA
Taormuadeuluniseonuuusanua PID aneld
Jeoulvvesveuwaailsiduinguszasd f(-)
Wenriu ndinginisrumnaglarmmnniivesves
#aemuau PID wanslddaaunsd (30) aunnsd (31)
wazaunsTl (32) Py

22.1972

N

G.(s)| =0.6741+ +0.00101s  (30)
c PID_GA

32.1964

N

G, pgo =0-9736+ +0.00001s (31)

41.1988

N

Gc(s)|pm7c”s:1-3391+ +0.00001s (32)

n1sgimAmeuvesdyinunalnues
CuS U PSO Wae GA agsilunisaumiievan 40
19819 IIUIUTOUNTAUMGIEAWINAY 200 T8U
gniviusilu TC ABUFUMIUAINVEUANS
AumAELNIST (29) VRIINYANITAUM WU
CuS @3NIOAUMAINDUIININN (Global Solution)
IA5asisuauseunsAumtasnin PSO uay GA
Imﬁmﬁaﬁ%’ui’mqﬂizmﬁ ) wos CuS oUTl
2 fiewinitu 28.90 Tuvmsdianiledduinguszacd
A+) 103 PSO 50Ufi 10 axdimwiniu 40.00 uaz
GA 50U7 15 9diAwiniu 46.00 LLavaé'vﬁ“qgiJﬁ 10

- T T T
Search direction of PID designed by GA
----- Search direction of PID designed by PSO
{ == Search direction of PID designed by CuS

Convergent Rate of Objective Functions

Herations

UM 10 Mg ImAINEUNNINYBIRIAIUAY
PID Tagld Cus ffu PSO uay GA

3. NANTSVINABILAZIN5AINE

3.1 NAN1531999
NAFBUITUUAIUANLAEDIAENI5IN1804
anuN13adeluIwN Iy MATLAB/SIMULINK [17]
Wiulussuuaiuau PID dwsunewnes BLDC
#y CuS U PSO WAy GA fimnuiaseu 1400
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o

JRUABUNY NanBUAUDITEUUAIUANLIIBIIa a0
FUNIUASTNUNTBUNA (Input Disturbance) ¥as
JPUUMILANLBLNBS BLDC vu1n 2.09 13ad Mkian

0.5 3nfluansldinaguil 11 uaems199 2 audrau

Speed response with PID designed by GA
----- Speed response with PID designed by PSO
| = Speed response with PID designed by CuS

Motor Speed (rpm)

0 01 02 03 04 05 06 07 08 09
Time (sec)

JUT 11 HARBUALDITTUUAIUAL

ﬁ’]i'Nﬁ 2 amiau%aaiswmuqmaa PID IWEJ
1% CusS fu PSO way GA

9% HNANBUAUBIVBITTUUAIUAY

t.(sec.) M, (%) t(sec) e, (%) t,(sec) M, (%)

GA  0.1138 4.19 0.2271 0.00 0.1858 38.21
PSO  0.0792 5.66 0.1822 0.00 0.1493 32.50

CuS  0.0642 5.30 0.1529 0.00 0.1351 27.85

NTNIA 2 WU NARBUAUDIVDITEUY
AIANNERIAIUAN PID A CuS ei7iaiandu

¢ (0 84 100% vsA1anYing) uazildiaaai

y
A 1 (2% vosdngaving) Tosiiga usdae
A M, Indifieeiuds PSO uay GA NN3UR 11
wuh lifidAnnasluaniugegi uenand &
AN1T0NIABNINAMNFYIUTUNIU Laedian
Wafugegavasnsaualuan M, Yoy uavildig
nanAuAlvian ¢ (2% vorngavig) 133090
PSO uaz GA
\efinnsamansuausInsuaLelnDiveq
J¥UUAIUAN PID Mg CuS iU PSO wag GA lag

Ueulvanliiuszuumuau PID Aifldwindy 0.2
Tduiing wuin szuuAuAn PID Y Cus gl
NAanBUALBINSzuANBIADSlut e BuAuTlAgann
denaliiusedn (Torque) Tuntsdulnamdindu
Tusauzideulnanlyiiuszuumugu PID 74 Cus
wu finmeuausstenszuaitunmuny
WUU PSO Uaz GA uamdlsidsgud 12

----- Motor current with PID designed by PSO

{ v Molor current with PID designed by GA
=== Motor current with PID designed by CuS

25|

™

o

Motor current (A)

/

0 0.1 02 03 04 05 06 07 08 09 1
Time (sec.)

05

JUN 12 HaR@UAUDINTELALDLMDTYBITEUY
AIUAN

3.2 Han1INadau
\oBudunanissrassimailldlumuny
svuuluviesUfiinneess daarudfinaaeuiduy
1ea¥ BLDC vuaiiin 100 Jnd usasu 100 1aad
Inglineuasines (Convertor) WUUAIUANLTY
suruYAUsEUIANAd e UAIYIA (Digital Signal
Processor) %138 (DSP) ju TMS320F28335 [18]
Weulusunsunig MATLAB/SIMULINK #5333
AN T UVBANALTADTHIUAINTIATUUY
g0as (Hall Sensor) vaswawmas BLDC dwusznau
YoI3EUUMIUANNEINBS BLDC uansldsgud 13
nnaeUUsE AV MvRIsTUUAmUALTInNLEITEU
1400 sausiawdl luvauzUanlvan (No Load) fiu
Youlnanifiudifa (Full Load) wWisuifisunanis
PONLUUMIAIUAY PID 638 CuS iU PSO way GA
Tagensfiwesiidlunsauauaiasdaingy
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nsraesamumsalieneufames fiemunandy
(Sampling Period) iy 1 fiad3uii naneuaues
Y9N AAAINBUNALATN1TANAT L NAAYD
SEUUAIUANDS uanslifazUR 14 wazgUi 15

o
TMS320F28335 DSP
BA Digital storage scope

4‘&{;.

SUTl 13 druuszneuvesueiaes BLDC
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n) STUUAIUANIIWLG PID 798 GA

2016/05/07 19:47:17 C—— NORM:kS/s  500ms/div

Stopped (500ms/div)
CHI=TV CHZ=TV CHa=100mY
oC 11 oC 11 oG 11
_ 2400
3
E 1600 | . f\
v
&
a :
S 800 B
] | Messured speed Ref.speed [ \L
0 ¥
110

DC Current (A)
°
&
&

' ; 182mV/A :
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Time (sec)

%) STUUAIUANAZWLY PID Ag PSO
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E
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T 1600 "
2
g
&
5 800 .
g Measured speed Ref. speed
o
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DC Current (A)
°
o
&
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Time (sec)
v

A) SEUUAIUANTSIILY PID fg CuS

ﬂﬁ 14 mamauauawaqmﬂﬂwmmuauwm

2016/05/07 20:21:30 " — NORMZKS/s  500ms/div

Stopped (500ms /div)
CHI=1V CH2=1v CH3=100mV
nc m oc oc 1
__ 2400
£
e
3 1600 p— 0
3
&
5 800 Released load
3
2
L
= 182mV/A
2 i
1
=
3
8
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Time (sec)
.
a £ v
-7
f) TPUUMIUANINN [,“U PID a8 GA
2016/05/07 195514 T — NORM:2KS /5. 500ms /div
Stopped (500ms /div)
CHI=1IV CHz=1V CH3=100mV
oc oc 1 oc
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£
e
T 1600 ke o\
3
2
E 800 jepliedoad Released load
8
2
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°
Z
&

0 ¥
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%) S¥UUAIUANTTWLY PID iy PSO

3UM 15 HaneuaueIveINIIALAIlan
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2016/05/07 19:20:38 e NORM:2kS/s  500ms/div
Stopped (500ms /div)
CHI=IV CH2=1V CH3=100mV
DC 11 bC 11 DG 11

2400

1600

Released load

Motor Speed (rpm)

182mV/A

DC Current (A)

0o 05 0 15 20 25 30 35 40 45 5.0
Time (sec)
f

A) SEUUAIUANIIINLY PID e CuS

3UT 15 naneuaueveInsAualvan (o)

A19199 3 AUTIOULVDITTUUAIUANIIINLG PID
My CuS iy PSO uag GA

oD
chb

HaNBUHAUDIVITEUUAIUAN

t.(sec.) M,(%) t(sec) t,(sec) M, (%)

GA 0.18 30.00 0.40 0.20 25.00
PSO 0.10 45.00 0.30 0.15 14.28
CuS 0.05 8.00 0.15 0.05 3.57

NPT 3 WUT HARBUAUBIUBITEUY
AUANASIILY PID fe CuS fimuiEisey 1400
souseUNl fthananiy ¢ fuilhanadii g
wazlemaiv M thovitan uenaind ilenaaou
UsgdnSnnnisidndvsnaluvazdoulnanlviiu
SEUUAILAY PID fg CuS WU syuuAuANTle
fAuAY PID fag CusS fuseananmlunisidn
dvwalurazloulvanlaisn Inefidmuiugegn
YoInIANAvan M, tosun uarildiaainu

Anlian » a1 PSO way GA

4. a3U
N1508NkUURIAIUANTILERRE 1N aY

dwsuszuumuANAINSUEBIMeS BLDC fu

nMsmevIzfigauuuiteullunisididnnu

FunpuaznsANAanmeE Cus wilslumadinns
mﬂ"]LumzﬁqmL%aaﬁﬁﬂmﬁﬂﬁﬂﬁﬁﬂﬁzﬁw'%ﬂ’lw
ALUUBIUTEINT ANAINLAAIALAREUENAIE
&9l ANIINNATINVDIATNARMAABITENING
doyaadunaiudygiasednavesszuudu
WanduingUsyasd P97 GRINOUEIG
Franadd LLazmﬁmwamﬁamusagﬁa N
fvuanuuifoulvdmiumaihinnudun lu
mmxﬁmnammﬁﬂuaml,am'wdLﬁuqﬁqmmms
audlnanazgnimuauuuiiteuludmiumsau
flnan wafilésuain Cus g luSeuiisuiu
NaTle3uaIn PSO waz GA MNHANITRIABINUT
Awsfiwesues Cus axliAmiivanzaundt PSO
waz GA dmsusTUUAIVANAILSIVDINBLADS
BLDC LLUUﬁLﬁaulmiuﬂWiLEJWammuﬁuwmazmi
Auenanufiuinela uenani wanisdraesld
FUNSBUGUAINHANTINAFBUTZUUAIUANAIAS?
vaueas BLDC Tuviosujufin1sass
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