24/12/21 00.46

’/(’r Information Technology (WCIT) ISSN : 2275 - 0764

Volume 2 - Issue 4 (July 2013) | International Journal of Computer and Information Technology(2279-0764)

Internationai Journal of Computer and

s el
o

Home /[ Volume 2 - Issue 4 (july 2013)

Vol

ume 2 - Issue 4 (July 2013)

Article Title

Strategies for Using STEP in Parametric Design
Author : Hyun Chan Lee

Field Programmable Gate Array Implementation and Testing of a Minimum-phase Finite
Impulse Response Filter
Author : P. K. Gaikwad

A WebGis System to Support Implementation of Sustainable Development Policies
Authors : Semtyou A. Adedjouma Géraud Azehoun-Pazou

J

Spread Spectrum Watermarkmg Using_HVS Model and Wavelets in JPEG 2000 Compression

thave o« Al LU Y Al Aarmaima AL~ Cidi AMalamand Taveri TA N AbAar: hadeas
r‘-..eu TUio . s na:y ran viainaGou waming iviuuu'., =iGi viGniaini€a rai'554, n.cj uiur}, FRGUVU N idul ©

Diop, Gregoure Sissoko

GeolocSI - Web-Based GIS for Verification and Modlflcatlon of Data Stored in Data Base

Avitlhmaw o ~E alil M
AUTHOT | a‘ya na Velikova unanuutu

(e3)

A Simple Malware Test Environment
IAuthors : Sam Lundie, Daniel Rolf

An Expert System for Power System Restoration
Authors : In-Su Wang, Heung-jae Lee

Extraction of Region of Interest in Compressed Domain
Authors : Vaishiaii A.Chioudhiary, Preeti Voditei

Periodic Error Correcting Perfect Codes
Authors : Vinod Tyagi, Ambika Tyagi

Fusion Fourier Descriptors from the E-M, K-Means and Fisher Algorithms for Radar Target
Recognition -
Authors : B. Belkhaoui, A. Toumi, A. Khalfallah, A. Khenchaf, M. S. Bouhlel

IMaturity Level Definitions for the Evaluative Framework to Measure the Maturity of Skill
Based Training Program with Multimedia Support in an E-Learning Environment [SBTP-
MSeLE]: A Learners Perspective

AuUthors : ivi I jawid Nazir, Ramachandra V Pujeri, Aftab. Haider. Rizvi

Network Security Management: Solutions to Network Intrusion Related Problems
Authors : Joshua Babatunde Agbogun, Fredrick A. Ejiga

13

Comparative Study: The Kurt Lewin of Change Management
Authors : Bashar Hussein Saravreh, Hassan Khudair, Evad. alabed Barakat

14

Fibonacci Numbers and Golden Ratio in Mathematics and Science
Authors : T. O. Omotehinwa, S.0. Ramon

15

Throughput Performance of ALOHA and CSMA MAC Protocol in Power for Wireless Ad Hoc
Networks
Authors : R. Manikandan, K. Seivakumar

16

Framework of Recommendation System for Tertiary Institution
Authors : Shade O. Kuyoro, Oludele Awodele, Samuel O. Okolie, Nicolae Goga

17

Novel Approach of Retrieving an Enhanced Frontal Face Image
Authars : G.Rekha, C. Rala Suhramanian

https://www.ijcit.com/index.phpl/ijcit/Vol2lssue4

113



24112/21 00.48

Volume 2 - Issue 4 (July 2013) | International Journal of Computer and Information Technology(2273-0764)

18 |An Improved Semi-supervised Fuzzy Clustering Algorithm
Authors : Kai Li, Yufei Zhou
.~ A Machine Learning Approach to Clinical Diagnosis of Typhoid Fever
"~ |Authors : A. Oguntimilehin, A. O. Adetunmbi, O. B. Abiola
An Error Estimation for Management Equilibrium Model
20 :
Author : Yuzhu Diao
21 A Damped Guass-Newton Method for the Generalized Linear Complementarity Problem
AULHOTS | Huijuan Li, Houchun Zhou
.~ Analysis on the Robustness SVD-Based Watermarking_ Algorithms
““ lauthors : Zoran Milivojevi¢, Zoran Stevanovic¢
Performance Analysis of Hybrid PID-ANFIS for Speed Control of Brushless DC Motor Base on
23 [[dentification Model System
Authors : Hidayat, P.H. Sasongko, Suharyanto Sarjiya
24 The Practice of Research on Technology-enhanced Learning
Authors : Svetsky Stefan, Moravcik Oliver
25 Development of an Electronic Medical Image Archiving System for Health Care in Nigeria
Autinors : Oiayemi Mikaii Olaniyi, Adebayo Umotosho, jane Robert, Aiice O. Oke
Evaluation and Implementation of Digital Signatures to Improve Web Based Case
26 |Management System Information Security,
Authors : Adoif Kamuzora, Hashim M. Twaakyondo
27 IPerformance Assessment and Comparison between Star-ring based and Tree based EPONs
Authors : Zen-Der Shyu, I-Shyan Hwang, Chun-Wei Huang, I-Cheng Lin
A Fast Scheme for Detecting, Localizing and Grouping Similarly Looking Faces in Random
28 lImages
Author : Andrzej Sluzek
29 A Formal Mathematical Model of Cognitive Radio
Authors @ Ramy A. Fathy, Ahmed A. Abdel-Hafez, Ahd Fl-halim A. Zekry
2n ANew Clustering-based Algorithm for Image Segmentation
~ |Authors : Shermin Sarrafha, Maryam Khademi, Mehdi Heidari
Numerical Simulation for Corrosion Crack in Concrete Members Considering Penetration of
31 |Corrosive Product
Authors : Agus Maryoto, Takumi Shimomura
The Relationship of the Information Technology Applications, Strategic Partnerships, and
32 [Firm Performance in Logistics Industry in Taiwan
uthor : Yi-Horng Lai
Enhanced Performance and Global Reachability Of Manet Nodes With Multihoming Using
33 |Nemo
Authors : Ravi Kumar, Devendra Kumar, Surendra Kumar
34 RSC - Remote System Controller
Authors : Kana A.F Donfack, Roland Madadjim
The Research and Application of Digital Image Inpainting Based on Improved CDD model
- Authors : Bacyong Yin, Shangping Qiac, Jiansheng Liu, Mingming Li
ac Geometrical Feature Extraction of Human Hand
Authors : Fatma Mohammed, Walid Mohammad, A. S. M. Kayes, Attila Pdya, Jamal Hasan
3, [(CTsolution to Small and Medium Scale Enterprises (SMEs) in Nigeria -
Authors : Shade O. Kuyoro, O. Awodele, O. D. Alao, A. A. Omotunde
38 [Monitoring of Interior Wall Maintenance using Virtual Reality Technology
AULNOTS | Alcinia Zita Saimipaio, Daniel Rosaiio
35 Survey of Information Society Measurement
Authors : E. B. Ajala, S. O. Ojo

https://iwww.ijcit.com/index.phpfijcit/\Vol2issue4

2/3




International Journal of Computer and Information Technology (ISSN: 2279 — 0764)

Volume 02— Issue 04, July 2013

Performance Analysis of Hybrid PID-ANFIS for
Speed Control ot Brushless DC Motor Base on
Identification Model System

Hidayat
Department of Electrical and Information Technology,
Universitas Gajah Mada
Department of Electrical, Universitas Bung Hatta
Padang, Indonesia
e-mail: hdvttanjung {at} vahoo.com

Abstract— This paper presents a performance of hybrid PID-
ANFIS for the speed control of Brushless Direct Current Motor
(BLDCM). The model of BLDCM system is determined by
identification model system based on the measuring of dynamic
response. The aim of the speed controller is to obtain the speed
HIGIGT GPCTating Siinnial (O @ SPUCa SCtiinig. | BC CONTGHCT input s
a speed that measured by speed sensor encoder. The controller
output is the voltage to supply the stator windings of BLDCM
through pulse wide modulation controller to drive inverter. The
controller has three input variables: speed crror, actual speed,
speed setting and output variable is the signal to determine the
voltage value. There are two controller structures to analyze the
periorimance vl nybrid riv ANFLS voniroier. The firsi, ouipat
of PID controller is as a main control and the output of ANFIS
controller is as a recovery control which switched base on speed
error. The second, output of PID controller is added by the
output of ANFIS controller. Using MATLAB Simulink, the
performance analysis is emphasized on the transient parameter
of dynamic response. The simulation results show that the best
response oi speed controi is switched from FiD te ANFIS
controller at the speed error less equal 10 %.
Keywords- BLDCM, speed control, Hybrid PID-ANFIS

I INTRODUCTION

BLDCM have been widely used as motor motion recently,
because BLDCM has advantage than other motors, such as
the efficiency is more 13 % than induction motor, the volume
is less 40 % than conventional DC motor [1],[2]. The other
advantages, caused no brush so they require little or no
maintenance, they generate less acoustic and electrical noise
than conventional DC motor, they can be used in hazardous
Opciaiion  civiivihinciis  (with  flaiimacic  pioducis)is].
Therefore, many BLDCM had been applied in the industry
(e.g. industrial drives ex pump, fans, blower, machine tolls,
servo drives, automation process, internal transportations
systems, robots, etc), the public life (e.g. air conditioning
systems, catering equipment, coin laundry machines, auto
hank machine, etc) the domestic life (kitchen eqninment e g
refrigerators, microwave ovens, mixer, bathroom equipment,
washing machines, toys, vision and sound equipment, security
systems, etc), information and office equipment (e.g.
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computers, printers, plotters, scanners, etc), medical and
healthcare equipment (e.g. dentist’s drills, electric
wheelchairs, trotters, rehabilitation equipment, artificial heart
motors) and etc [1]. To control the speed of BLDCM, Atmel
Corporation have produced the BLDCM using ATmega32M1
which applies a classic control. It is PID control. A quality
control of BLDCM depends on the PID constant that is Kp,
Ki, Kd. Tune Kp, Ki, Kd is done using the trial and error
method [3]. Modeling of BLDCM is needed to design and
analyze the performance the speed controller which can be
obtined easly by the identification parameter [4]

In recent years, new artificial inteiiigent-based approaches
have been proposed for speed control of BLDCM fuzzy logic
controller has been applied, which results still show an
oscillation on steady state response. Furthermore, to decide on
the domain of membership function is more difficult to be
done [5],[6]. The speed response of BLDCM that uses to

ANTTITQ . B T T, N e A R Uy [ Sy O . |
LUNE D VUL ULIVE WiiiLvid dappily Wiv oL vlidl  LUULUVLS  duid
number of membership functions. The best response is
obtained on the bell function and five membership functions.
[7]. To improve the speed response of BLDCM, applied
parallel tuzzy PID controller which consists. of three parallel
fuzzy sub controllers that update online the values of the
nronartional  integral  and derivative gaine. The cantraller
input is the speed error and the delayed control signal that
represented to triangle functions [8].

In this paper, a systematic approach for designing hybrid
PID-ANFIS is developed to find the best speed response of
BLDCM. The model of BLDCM base on identification model
svstem which is determined hy dvnamic resnange svstem. To
analyse a performance of controller is done by several control
structures i.e. PID controller, ANFIS controller, hybrid PID
ANFIS. The hybrid PID-ANFIS is devided in to two structures
that arc a summing PID and ANFIS output controller and a
selecting PID and ANFIS output controller.

The contral inmut of ANFIS confraller are actual snee
and speed setting that represented by the bell function. The
input of PID controller is the speed error and PID constant
determined by the close loop Ziegler Nichols method.
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II. BLDCM MODELLING

BLDCM is constructed of Permanent Magnet Synchronous
Machine (PMSM) 3 phase star connection, 2 poles, inverter 3
phase voltage source inverter, rectifier, filter, rotor position
sensor, speed sensor and algorithm control [9],[10]. The
equipment of BLDCM is represented in Fig.1. The AC source
is rectified to be source of inverter 1 phase, which derives the
PMSM. As can be seen, rotor position is an input to the
conwoiier. Based upon rotor position and other Imput, tie
controller determines the switching states of each of the
inverter semiconductors. The command signal to the controller
may be quite varied depending upon structure of the controls
in the system in which the drive is embedded. Other inputs to
the control the algorithms may include rotor speed, dc link
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Fig.1 The circuit element of BLDCM [9]

A. BLDCM Modeling Base on Transfer Function of each
Element

This model is based on the each element of BLDCM
which refers to Fig.1 that discussed and given 1n |11]. Block
schematic of speed control system of BLDCM that represents
PI controller, driver (inverler 3 phase), speed sensor and
PMSM is given by Fig.2.

L B l
"‘j’( t‘uﬂ*ﬂ) k—:\ Y

Controer
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last® | ;
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Fig.2. a. Block schematic of speed control system of BLDCM [11]

b. Simply block schematic of speed control system of BLDCM
The simply block schematic of speed control system

represents the open loop transfer function of BLDCM without
controller represented, as in

O _ Kp (1)
;5 Tys + D)(Tys +1)(Tyss +1)
as

www.ijcit.com
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where,

KCI'ZI/KC, TLIZI/(ULI
K =K KK, K=\B,T;=JIB,

B. BLDCM Modeling Base on Identification System
To model BLDCM base on estimation parameter uses an

identification system It iz a general term uced to deccrihe
mathematical tools and algorithms that build dynamical
models forms measured data. A dynamical mode in this
context is a mathematical description of the dynamic behavior
of a system or process that emphasized on the identification of
discrete-time transfer function from the measured input and
output signal.

A typical discrete-time transfer function is usually given by,
asin [121].

m m—1
........ +
PN bOz +blz + -J-bm_l o d o
ka n n—1 B A
az +ayz = T—— ta zta, o
and it corresonds to the difference equation, as in
VIO +a vt =D +av(t=2)+........... +a, v(t—n)

= bu(t-d)+byu(t—d-D+........ +bpu(t—d-m+D+e(®) (3)
where £(¢) can be regarded identification residual. Here the
shorthand notation y(t) is used for output signal y(kT), and
y(t-1) can be used to describe the output at the previous
sample, i.c., y[(k-1)T].
by i = Lissusess m+1)
constant, z descrete variabel and dan d delay time.

Suppose that a set of input and output signals has been
measurred and written, as in

w=[u(D), u2),..... y (ML

L1 o
y =), (2,..... y(M)]* 4)
From equation (3), it can be found that, as in_
() == v(0)—....~ayy(d-n)+bu(l-d)+ ...+ byyu(2-m—d) + &(1)
(= —niyfl)— Ay (2~ n)+h}u(_2—rl)+ oAb u3—m—d)+a(2)

dan g;,(i=1,........ n) ,

................... cisaee seesass 2averees

where y(t) and u(t) assumed to be zero when {<0. The
matrix form of (5) can wrilten as in

y=¢0+¢ (6
where
»0)y . y(d=n) u(l-d)y ... u(2-m-d) ]
4= wh P(2=n)  w(2=d) ... u@-m—-dy {(7)
M =1) ... WM —n) wM~—dy ... u(M +1-m—d) |
T
o =[——al,—a2, ..... _,—an,bl, ....... .bm} (8)
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P O W £(M)] ©)

Minimize the cum of canared recidunal ac in
.M,
min > &°(7) (10)
6 i=1

The optimum estimation to the undetermined elements in 8
can be written as in

o=t 78" v (an
Since the sum of squared residual is minimized, the method is

alea Lkmnaum ng the leac couares '\l(v(\t—lﬂ'\m The gystem
he &

identification is to identify the descrete-tlme model from

anaurar‘ 1unuf qr\r‘ nnrnnt (‘afu 'ﬂ \Jnﬂrﬂ'\ f(\n”'\(\v ﬂ: ﬂrn\ru‘lp

function arx() If the measured input and output SIgnals are

ovnrpemﬂﬂ l—\u (‘l‘\l‘l!mﬂ vectors 1 onr“ \7 tl'u: nr(‘arc n{“‘ ﬂuﬁ

numeratm and denumerator as asssumcd to be m-1 and n,

raqnpo(’ﬂrolv and the Aplau teram ic A the f‘n"(\unng atatement

can be used, as in
H=crx{Ty ulln m d (amn

In this case, input is speed setting and output is actual speed

that can he ahtained hv meaauring dinamic speed regnong of
that can be abtained hy measuring dinamie gpeed respons of

BLDCM.

ITT.  HYBRID PID-ANFIS CONTROLLER MODELLING

A. ANFIS Principle
A tvpical architecture of an ANFIS which is used is
Sugeno fuzzy models consist of five layers that every layer
has the node. There are two kind of nodes that called the
adaptive node (square symbol) and fixed node (circle symbol)
as shown in Fig. 3. The mechanism of Sugeno has two inputs
x; and X, and one output y. For a first-order Sugeno fuzzy
model [10],[13], a common rule set with two fuzzy if-then
rules is the folowing, as in
IfX] is A| and X2 is B| Then Yi = Cn Xy + CipXy + Cio (13)
IfX| is A2 and X2 is B2 Then Y2 = Cu Xy + € Xy + Cyp (14)
If ¢ predicate for two roles are w, and w,, then can be
determined the weight average, as in
_Wy Wy, e = (15)

= = \U '\) J—\u., \7
W +uhy

The function of every layer is:

Layer 1

Every node 1 in this layer is an adaptive node with a node
activation function parameter. The output of every node is the

membership function degrees which given by input
membership function, as in
aAl(xl),aBl(xz),aAz(xl) or a,(x,) .

Ol.,i='uAi(x1)’ fori=1,2,or (16)

Ol,lzﬂBl(xz)’ fori= 3_, 4_,

I membershin function is given hv the generalized hell
function, as in

www.iicit.com
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1 .
4(x) :—|2b (17)

X =C
14__[

| a |
where {a,b,c} is the parameter set. As the value of these
parameters changes, the bell-shaped function varies
accordingly, thus exhibiting various forms of membership
functions for fuzzy set A. Parameters in these layers are
referred to as premise parameters.

NOHL

a7\ - /
i«} /r-\ W W2
(SJ

Lapisn

\ &(D
[ 2 |

‘ X, %2

Lapisan 2 Tapisan3 Lapisamd Toamisan §

Fig. 3 The architecture ANFIS [10]

Layer 2
Every node in this layer is fixed node labelled TT , whose
output is the product of all the incoming signals, as in

Oy =W, = (% )X ftg; (X,
Each node output represents the firing strength ( & predicate)
of a rule. In general, any other T-norm that performs fuzzy
AND can be uscd as the node function in this layer.

Layer 3

Every node in this layer is a fixed node labelled N. The o
node calculates the ratio of the gain ratio i rule firing strength
(a predicate) to the sum of all rules’ firing strengths, as in

i ,i=18 (19)

Wy + W,

J, fori=1i,z (i8)

O;; =wi =

For convenience, outputs of this layer are called normalized
firing strengths.

Layer 4

Every node i in this layer is an adaptive node with a node
function, as in

w;(€;X) + 2%, +Ciq)

04,1. =wy; = i=1,2 (20)

where W; is a normalized firing strength from layer 3 and

{€;1,C155C; ) is the parameter set of this node. Parameters in

this layer are referred to as consequent parameters.

Layer 5

The single node in this layer igsgfixed node labeled X , which
computes the overall output as the summation of all incoming

ciannle ag in
granals, ag 6

— W'J,t
05’1. = Z“’iyi = 171

=70 21
l_ Taw (21
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The parameter to be trained are 4, b and ¢ of the premise and
¢y,¢ and ¢, of the consequent parameters. ANFIS is trained
using hvhrid learning algarithm that congists of twn stens sich
as feed forward pass and backward pass. More specifically, in
the forward pass of the hybrid learning algorithm, node
outputs go to forward until layer 4 and consequent parameters
are identified by the least squares method. In the backward
pass, the error signal propagates backward and the premise
parameters are updated by gradient descent.

B. ANFIS Controller

The ANFIS base control in this paper is the direct inverse
control because of this is simply method and applicable. This
method [10] seems straightforward and only one learning task
is needed to find the inverse model of the plant, which is not
valid in general. Inverse learning or general learning for
control purpose is performed in two phases. In the learning
phase, the plant ANFIS inverse model is obtained based on
input-output data generated from the former ANFIS model of
the system as illustrated by Fig. 4. In the application phase, the
obtained ANFIS inverse model in used to generated the
cottroi action as iliustraicd by Fig. 5.

k) yik+1}

Plat >

ANFES
Rurerse
3
Fig.4. Block diagram a training phase for inverse control method
The ANFIS controller generates change in the reference
voltage base on error (e) and derivative error (de). Therefore,
the input ANFIS controller is speed crror (¢) and ratc speed
error (de). The output controller (u(k)) is suitable signal
matching with the input current into stator windings to
preserve BLDCM speed similar a setting. Every input and
output variables are represented by membership function
fuzzy, which domain of membership function is determined by
learning process as shown above, as in

e= . —a), =1 (k) - y(k+1) (22)
de= [d‘("")re.j' —‘n“r.‘)] [dt= Y(,(" - }'{l"' l,\' (21)
k) k) yik+1)
e Cortrol - Plat o
ANFIS ANFIS g
r z! *

Fig. 5 Block diagram an application phase for inverse control method
C. PID Controller
The PID controiler is defined by the foliowing reiationship
between the controller input (¢) and the controller output (u)
that 1s applied to motor armatur, as in {14{15].

i K et Kyjedt+ K %
pm d gt

_~
()
‘i

~

www.ijcit.com
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To discretise the controller is given as in

2
d d”e
d"—K,,—"+K —(fedn)+K, (25)
dar ai dt‘
- d|(de
ﬂ:Kp 8 TS Pd o (26)
dt dt di\ gy
: d . LA
the time rate — is represented by — thus:
d T
Al A
M—KPA—+K3+Kd = @7
T T T|T
s s s\ tg
Ae
=KpAe+K;el +K,;A _ (28)
S
(s )
the error rate thus:
Ae= e, =€, 1 (29)
Alen —ey)=(en —ep_1) (€ —p3)
= En "2@}.571 +€”¥2 (30)
The output rate:
AU=U, -U, 4 {31
thus,
| U, =K B T il A(, , )(32)
Uy=Uy_1=Kp-le, ~e,_1)+K;e,. s+,_,1_' “n " =1 ’
s
Substituting (30) into (32) are obtained as in
K4 )33
Un =Un—| +KP'(en _en-l)+Kl “n's Tp+—= T (en _2en—l Ty @3]
S
where,
U, : controller output
e, : error
Tg » Lllug. aaiuyu“s

D. Hybrid PID-ANFIS Controller

There are two control structures of hybnd PID ANFIS
controller that applied respectively;

1) Summing hybrid
This structur, where the controller output adds the PID output
and liic ANFIS oulput conirolier, as represcaicd by (34).
Unyerip = Upmp +U avrrs (34)

Flow chart of the summing hybrid structur is shown by Fig.6.

PID Controller output ANFIS Controller ouput
Ueip Uaums
{ U =Tpip + Uanrs

v
Hybrid controller output ]

Fig.6. The flow chart of the summing hybrid controller output
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Valuma 02..

Tl

ng hyhrid

This structure, where the controller output selects the PID
pr o onr] *Ln A?\TFTC

pcrsen error, as represented by (35) Thxee varxabels are
= iy pelwatinw llkid saeberiley 1

£ uwil SCCCUGRE ayoiiG O <7,

error, Upp and Uanris. The persen error ( AE,,,.) can be
1 g

ii

1 £ ]
UCLCLInSa

Upip, for Error>AEg,,.,,.

U = o o (35)
HYBRID

Uy NFIS > Jor Error<AEp,. .

Flow chart of the selecting hybrid structur is shown by Fig.7.

PID Controller cutput Error ANFIS Controller output
Ui Usrrs

4

TS

\..' 2
B o

Yes i

! Tprm { l Uanrss
IO | | LS

l Hybrid controller cutput l

Fig.7. The flow chart of the selecting hybrid controller output

IV. SIMULATION AND ANALYSIS

r\" AT\TF'Q pnnhr\‘ rvm}'nrnr' fne

ngz to
BLDCM mcnhoncd above some vital simulation woxks have
bf_’-f_’-ﬂ Cnnfl“nfad \lnf{,r v\‘xﬁdn‘ v\ﬁrnirotavﬂ uearl (-‘ny n;m‘___‘;l 4'32

PESE LTS VT et e r(. 1
is such as:
Maodel : ZWEORBRL120.430
Voltage 148V (DC)
Ame -7 A
Power 1250 W
Sneed 1 2000 rom
No. : 110325001

Jenankeya Electron Science And Technology Co. LTD

To determine BLDCM model base on identification model
system is needed dynamic speed reponse of BLDCM that
showed in Fig. 8. There are three variabels: time (t), actual
speed (y(t)), setting speed (u(t)). The series data of Fig.8 is
shown in Table 1.

By using MATLAB programming has been given in (12),
further obtained the transfer function of BLDCM model, as in

TF = 20,051362—%—0,07078 (36)

z“ —0,0573z-0,03198
PID costants Kp, Ki and Kd are tunned using Ziegler

Nichols close loop method [14], furher obtained Kp = 0,86, Ki
=72 Kd=001R
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Fig. 8. Dvnamic speed reponse of BLDCM
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Three data is needed to train ANFIS, such as two input data
and an output data. The input data are actual speed and delay
actual speed. The output data is training target that represented
by ramp function. Tt represents speed respon of BLDCM when
controller input increased step by step. The data for training are
acquired froi the opeii loop cxperincit, as shiown Fig.3. Foi
the evenly distributed grid points of the time input range 3
second with time sampling 0,001, maximum value 35, and
minimum value 0 is obtained 2001 x 3 training data pairs.
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Fig. 9. Learning data of ANFIS controller

The experiment was done by the bell function with 3
membership function for each input and output variables. The
ANFIS used here contains 9 (3x3=9) rules, 45 total number of
fitting parameters, including 18 (3x3+3x3) premise (non
linier) parameters and 27  (3x9=27) consequeni (linier)
paramelers. The (raining and root mean square (RMS) errors
obtained from the ANFIS are 0,00072442 for 30 epochs. The
opiimized membership {uncition for inpui_{ and inpui_Z aiier
trained is shown in Fig. 10.
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Fig. 11, Simulation circuit of BLDCM speed controller

There are three control structurs in this experiment, shuch as
PID, ANFIS and hybrid PID ANFIS controller. The hybrid
PID ANFIS consists of a summing output PID and ANFIS
controller, a selecting output PID and ANFIS controller.

1
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Seleciing the PID and ANFIS output is determined by percent
error that done a trial and error method. The simulation circuit
of BLDCM speed controller is showed in Fig.11. The
simulation is done for a constant speed setting and change
speed setting, further determined and evaluated the transient
parameter, such as steady state error (error), rise time (tr),
delay time (td), over shoot (Mp) and settling time (ts). The
first experiment is given the speed setting 2000 rpm and 2500
rpm, further the transient responses of all control structures are
shown 1 Fig. 12 and Fig.13. The transient parameter of
BLDCM speed responses for speed setting 2000 rpm were
obtained similar to that for speed setting 2500 rpm, as shown
in Table IL.

Speed respon of BLODCM
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Fig. 12. Speed respon of all control structures for speed setting 2000 Rpm
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Fig. 13. Speed respon of all control structures for speed setring 2500 Rpm

TABLE II. THE TRANSIENT PARAMETER OF BLDCM SPEED RESPONSE
FOR SPEED SET 2000 AND 2500 RPM.

Controller structures id (sec) ti {sec) is {sec) Mp (%) | Ervor {rpm)
PiD [ C3 0.80 12.5 fi]
ANFIS 025 04 0.70 aJ 1]
S ing Hybrid PID-ANFIS 0,15 0.20 1.40 75 g
Selecting Hybiid DiD-ANCIS .25 03 g.35 5 i3
699
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According to Table I data, it is shown which is the
overshoot of summing hybrid PID ANFIS increased 75%, the
faster a rise time, the oscilation, the slower the settling time 1,4
second. This is caused by each of the output signal controller
to strengthen, so needed a long time to settle.

The transient response of selecting hybrid PID ANFIS for the
error less equal 10% was resulted the best response. It has
corresponded to what really designed of the selecting hybrid
PID ANFIS controller. It has ability to select the output
controller acurrately.

The second experiment is given the speed setting 1000 rpm,
then after 1,5 second it is increased to 2000 pm which
responses is shown in Fig. 14. The speed setting can be
followed by actual speed for all control structures although the
overshoot of summing hybrid controller is higher than others. It
1s caused by the output of summing hybrid controlier is hlgher
too, which is shown in Fig. 15. The result of speed error is
similar to zero.
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Fig. 14. Speed responses hybrid controller for speed setting changes
from 1000 to 2000 rpm
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Fig. 15. The control output of hybrid controller for speed setting changes
from 1000 to 2000 1pm
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V.  CONCLUSION
This paper has described to control the BLDCM speed, that

comnared the geveral contrnl gtevotrs The m
npar ueurs

was constructed by identification system that represented of
the real system that obtained to measure the dynamic response
system. The hybrid PID ANFIS controller which applied the
selecting error was obtained the best response. It was to
obtained when the error less equal than 10% the ANFIS
controller is done but the error great equal 10% the PID
controller is done. Other word, the PID controller is as main
control and the ANFIS is as recovery control. The hybrid PID
ANFIS controller which applied the summing output PID
controller and ANFIS controller can be made the rise time
shorter but the overshoot increased.
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