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MULTI-CHANNEL WIRELESS MESH NETWORKS

Author:

Abstract:

The wireless network technologies have been popping up evervwhere and becoming more popular dav
by day. Wireless Mesh Network (WMN) is one of the promising wireless technologies that provide
effective, innovative and multihop solutions to provide the Internet connectivity to a large number of
mesii Touiers wilil 4 iow cost oi consirucuon. iie mierierence probiem beiween wireiess hmks 1s cniical
and challenging problem faced in wireless networks that atfects overall throughput. Hence, interference
throngh

M(\“g';m can he m.h.m«\m{ efficient ntilization of non-ov mlqvmmn oh

mels. Mareaver, the

multlple radios that are installed in each mesh router which operates in dlstmct channels enables the
mesh routers to transmit packets simultancously, resulting in increased throughput of the network. In this
paper, we propose a novel algorithm Max-tlow based on Topology-control Channel Assignment
(MTCA) that aims to reduce the interference problem between the wireless links and maintaining on
network connectivity. Simuiativn resulls reveal improved performance of the propused algoriiim in
terms of mitigating interference problem and overall throughput of network as compared to existing
wark
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IMPLEMENTATION OF AN INTRUSION DETECTION SYSTEM BASED ON SELF ORGANIZING
MAP

Author:

EMITRO DFE T.A HO7. FRANCO, ANDRES ORTIZ GARCIA, JULLIO ORTEGA 1.OPERA, EDUARDO
DE LATIOZ CORREA, FABIO MENDOZA PALECIIOR

Abstract:

The main purpose of this study is to identify a methodology to validate the effectiveness of an Intrusion
Detection Systems proposed in three phases (selection, training and classification) using FDR to feature
selection and Self Organizing Maps to training-classification. Therefore, initially are covered basics
introductory in the first four items, related to the input dataset, the intrusion detection system and the
metrics that are necessary to evaluate the 1DS, the feature extraction technique FDR-and the funcionality
about the self-organizing map (SOM). Later in the methodology Item, in the body of the paper, a
functional model proposed to described the intrusion detection, such model is validated from the
comparation of metrics in simulation develops enviroments. Finally concluded that the detection rates
obigined by iiie proposed [unciivnal modei are: sensidivity of 97.3%% {ilis correciiy ideniiiied as ailacks)
and a specificity of 62.73% (normal tratfic correctly identitied as normal watfic) using only 17 features
of the dataset input. These results are compared with other simulating scenarios different, consulted from
the documentary sources, from which it is suggested to integrate at the proposed model other techniques
for training and classification processes to optimize the intrusion detection model.
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Intrusion Detection System € IDS, Self-Organizing Map € SOM, Fisher€ps Discriminant Rate €
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Title:

A NEW CLUSTERING BASED SEGMENTATION TECHNIQUE FOR BREAST LESIONS
DETECTION

Author:

YOUNES KABBADIJ , FAKHITA REGRAGUI

Abstract:

Microcalcifications can be a very important sign of breast cancer. As their detection is very crucial to
further investigation, automatic detection in mammograms can help practitioners to locate missed
abnormalities. The aim of this work is to propose a simple method based on fuzzy clustering to
efficiently segment microcalcifications. This method which is derived from two existing methods,
automatically determines the number of classes in each image and then isolates potential
microcalcifications. Compared to previous methods, the proposed method was tested on 7 Regions of
Interest and demonstrated higher performance reaching up to 0.93 in terms of F1-Score and an overall
best performace.
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ABSTRACT

This paper presents the design of the hybrid PID-ANFIS controller for controlling the speed of the
Brushless Direct Current Motor (BLDCM). The objective of this work is to obtain the BLDCM speed
controller equipment effectively. The hybrid PID-ANFIS controller is a combination of classical PID
controller and ANFIS controller. This method is applied to BLDCM speed controller by simulation and
implementation with making its prototype. Hybrid PID-ANFIS controller input consists of speed setting,
actual speed and error speed. The actual speed is acquired the processing the rotor position sensor output
signal. PID controller parameters are tuned using closed loop Ziegler Nichols method, while ANFIS
controller parameters are acquired by off-line hybrid training. ANFIS training data includes the training
input data (actual speed and speed setting) and target ot ANFIS training (BLIDDCM input voltage in the torm
of PWM). The parameters of hybrid PTD-ANFIS controller are the combination of the parameter of PID
and ANFIS, added by the error limit. The error limit is functioned to select of working domain of each
controllers through determining weight of PID and ANFIS activation signal that presented by a linear
curve. The development of prototype is implementation from the development of structure and parameter
of hybrid ANFIS-PID controller that uploaded into microcontroller ARM cortex STM32 F103RB using C
programming ianguage. The coniroiier perforiance was anaiyzed based oit speed respoise pararmciers,
control energy and Integral Square Error (ISE) through testing each controller structure at various loaded
and non-loaded conditions speeds setting. The testing results are obtained the best response performance
that impacted to improve control energy reduction 17.36% and ISE 15.29%, the controllers can operate on
a wide speed setting spectrum.

Keywords: BLDCM, Speed control, Hybrid PID-ANFIS

1. INTRODUCTION
Brushless Direct Current Machines (BLDCM)

[5]. Fuzzy Logic Controller (FLC) works based on
fuzzy logic rules, which represent the thinking

have advantages compared to induction motors and
Conventional Direct Current Motors (CDCM).
BLDCM have a 13% greater efficiency than
induction machines and 40% smaller dimensions
than CDCM [1]. Another advantage is that they can
produce a large torque [2][3].

The response performance can contribute to
energy efficiency. A good response of the
controller’s  performance can decrease energy
consumption [4]. The problem lies in the BLDCM
speed controller instrument, which still has its
limits. The classic PID (Proportional Integral
Derivative) controller is commonly found in
industry, i.e. almost 90%, because it is simple and it
is able to improve the transient response by tuning
the PID parameters appropriately, i.e. K, K;and Ky

process of an excellent operator when controlling a
plant. The response performance of an FLC
controller depends on determining the function and
duitiain of Uie lnpui/utpul meinbersiip {unclions
appropriately. The problem is, therefore, to
determine the appropriate domain of input and
output membership functions, and the residual
oscillations at steady state response [6]. Adaptive
Neuro Fuzzy Inference Systems (ANFIS) are an
adaptive network based on the fuzzv inference
system which works by adjusting the value of the
weight of the. The network weights are determined
by a training process, which result in the premise
parameters and the consequence parameters. These
represent the restriction of domain of membership
function input network [7]. However, in order to
develop a technique for implementing the ANKIS

3
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algorithm in a microcontroller which has limiied
memory capacity and numerical data processor
speed, a separate study is needed.

The develonment of a contral methad which
combines two or more controller methods is called
a hybrid controller. The control method for the
BLDCM speed control using PI, PID, Pl-like FLC,
FLC hybrid (HFLC) and integrated FLC (IFLC).
These methods were evaluated by using MATLAB
Simulink, and the speed responses of IFLC and
HFLC controllers obtained were better than others
[8]. The combination of the PI controiler and fuzzy
controller connected in parallel. It is called the
hybrid PT fuzzy controller. A fuzzy controller is
operated in a large speed error region, while a PI is
operated in a small speed error region [9]. The
classic PID controller and fuzzy PID controller
(FPID) are combained that became known as a
hvhrid fiuzzy PID controller (HFPID) (101 The
function of each controllers is classified based on
the domain of speed error. The classic PID
controller is operated in normal condition, while an
FPID controller is operated in oscillation and
overshoot condition. Aplliying the hybrid adaptive
neural-fuzzy tuned P.I  controller  based
unidirectional boost P.F.C converter feed BLDC
drive [11].

The analysis and technique combine the PID
and ANFIS controllers, called the hybrid PID-
ANFIS, to control the speed of a BLDCM which
are a major focus in this current study. The method
applied will be the use of a microcontroller ARM
Cortex-M3 which has sufficient capacity and
capability to solve computational intelligent control
algorithm, yet is cheap and readily available [12].

2. ANFIS AND PID CONTROLLERS

2.1. ANFIS Controller
A typical 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
Figure 1. 'T'he mechanism is designed using Sugeno
with has two inputs x; and x, and one output y. For
a first-order Sugeno fuzzy model, a common rule
set with two fuzzy if-then rules is the folowing [7].
IfX| is A; and X is B| Then Yi=CcnX +c¢12Xy T ¢
Ifxl is Ag and X2 is Bz Then Y2 = C21 Xy + C22X> +Cy
(N
=
If «is predicated for two roles are w; and w;, then
can be determined the weight average as below

WY+ Wy, — =
1 2Y>
S =W Wy, €)
W+,
i
(3 W, et
/—-\ Wy w1

5 \// ff\

LR o
@ & ;'/ @ \ /’ © 4,\\/\
\( o {E)_V_.

nl/wy
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\{.cz,,s/%
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Figure 1: The architecture ANFIS
The layer function:
Layer 1
Every node i in this layer is an adaptive node which

a node activation function parameter. The output of
every nade ic the l'nmul’qulun finctian dr—-m-peq

whjch given by input membershnp function as the
following

A (X)), g (X3), 0 45 (X)) O @y, () -
O = py;(x;), fori=1,2, or
O,; = pgi(x,y), fori= 3,4, 4)

If membership function is given by the generalized
bell function as below

) = 5)

X—C

Lapisan3 Lapisand Lapisan

I+

a
wiiere {a,0,Cc} are inic parameier sei. As ihe vaiue oi
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.
FLaver 2
Every node in this layer is fixed node is labeled 1T,
whose output is the product of all the incoming
signals as below

Oy =W; = phg; ()X g (xy) , for i=1,2(6)
Each node output represents the firing strength (&
nredicate) of a mule Tn general any ather T-narm
that performs fuzzy AND can be used as the node
function in this layer.
Layer 3
Every node in this layer is a fixed node labeled N.
The i" node calculates the ratio of the gain ratio i
rule firing strength ( & predicate) to the sum of all
rules’ firing strengths as below

- w; .
0y, =wi =—1 ,i=12 M
’ Wy + W,
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acquired base on Liie speed response ai deiay Lime,
rise time and settling time as shown in Figure 3

Emror ()
1
-— - -
D .
\
) b
N\
PID + ANFIS \
5 k
ANFIS \
B X = !

Figure 3: Controllers domain based on an evror
characteristic
Activation degree of PID controller ( z,(x)) and

ANFIS controller ( u, (x)) are calculated based on

21
2T

in Figure 4.

Ky (x)I

iy oA

- A [H -
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= by < x < h (21
i eyt
#q (53
IR
; )
13 T
H H
1} i
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t \ i
¥ Ll
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a domain b
{ | IS x<a
Bl g A e X T el £
#z(x):ju/ HFE T =G Jusaeines HEX R i==j
l A it x>b
8

(b) ANFIS controller

Figure 4 : Represention of the activation degree of each
controller

Flow chart of the hybrid PID-ANFIS controller
structure are shown in Figure 5.

Output of PID and ANFIS
oomiralier

/ Output nf PID. (Um)
Cutput of ANFIS (Uyms)
i Yes
H =0
; < aea ] A
: \\/ Bt

Aia=1 e
Fala)=0 "&1/

<e (X)

U\{‘r\—f'c {ri—alta (A -k} l

@)= -e,NIE-0) |

<
|
)

Figure 5: Flowchart of the selecting hvbrid PID-ANFIS
conlroller

4. HARDWARE SYSTEM DESCRIPTION

Generallyy, BLDCM is constructed of the
Permanent Magnet Synchronous Machine (PMSM)
3 phase star connection, 2 poles, a AC source and
rectifier, a rotor position sensor, 3 phase inverter
and an algorithm control as shown in Figure 6 [13].
in practice, a BLIDCM have been compieted by

‘those elements which oenerally consist of two pax’cs

F

fs

THHTHLJTHE ; 3\

I F 5
=%
v |

S

TSensw

Figure 6 : The circuit element of BLDCM
The hardware apparatus for speed control
BLDCM is composed of four major elements: an
ARM Cortex-M3 board, a controlled process
(BLDCM ZW60BL120-430 with PM dc generator

no Axaraemin lzuwl\ 2 BT NDOM deivar 10/Z0TMDW1LD

ag dyamio load), o BEDON
and a speed sensor. The ARM Cortex-M3 chips
type STM32 F103RB M3 32 bit speed 72 MHz
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Table 2: The premise pavameter of ANFIS

Premise Input 1 (t/min)
Parameter Before After
a; 747.5 747.5
b, 2.0 2.0
Cy -7.91 0.0
a 747.5 748.0
by 2.0 2.0
3 14958 14288
a; 747.5 747.7
bs 2.0 2.0
C; 2990.0 2990.0
Pii;i’;; Input_2 (v/min)
& 747.5 747.5
b, 2.0 2.0
Cy 10.0 10.0
a, 747.5 747.5
b, 2.0 2,0
cy 1505.0 1505.0
4 747.5 747.7
b; 2.0 2.0
c3 3000.0 3000.0
Table 3: The consecuent parameter of ANFIS
Rule | Cang Value Rule | Cance | Value
D 0.1897 Ps 0.1115
q 19.8100 Js 19.8900
1 ry 1.9620 6 tg 1.9780
P2 0.1360 Py 1.9180
qz 19.8600 qz 18.0900
2 ry 19730 | 7 ty 1.6170
Ps 1.9180 Ps 0.1115
qs 18.0900 | Gs 19.8900
3 Ta 1.6170 8 ty 1.9780
P4 0.1360 Ps 0.1944
s 12,8680 5o 108100
4 ty 1.9730 9 fy 1.9610
ps U.1791
qs 19.8200
5 f5 1.9640

is proposed to obtain the PID and ANFIS
parameters. While the hybrid PID-ANFIS
parameters are the operating domain of PID and
ANFIS controllers based on a speed error
represented by values a and b. Determining of a
and b parameters are based on the speed response at

The simulation test of the RINCOM snaead cantral

delay time, rise time and settling time conditions.
The first step is made a = 32% to speed setting and
b = 68% to speed setting. Furthermore, a = 5% and
b = 95%. Finally, a = 0% and b = 100%. The
results show that the best response was obtained at
a=0% and b =100%. [15]

The first testing was done at a speed setting of
2000 r/min. The results are displayed in
oscilloscope at a voltage scale (volt/div)=500 mv
and a time scale (time/div)=1 second. The analisys
of enerow cantral and TQE ic hased on the contraller
output signal (v,) and the error signal (e;)
respectively,

1
w= ch,2 =0,1,2..n (23)

=0
(24)

The experiment results of all control structure for a
speed setting 2000 r/min is obtained a speed
response. Furthermore, the speed respons of a PID,
ANFIS and hybrid PID-ANFIS are drawn in the
same axis wiich siiown (n Figure 9. The transient
parameters of Hybrid PTD-ANFIS controlleri.e. ¢, =
0.70 sec, t, = 1.3 sec, Mp = 4.0%, E,.; = 0%, PID
controller i.e. £, = 0.7 sec, t, = 1.5 sec, Mp = 8.0%,
E,.;=2%, ANFIS controlleri.e. £, =15sec, t,= 1.5
sec, Mp=0%, E,=5%. The experiment results
showed that the nerfarmance of hyheid PIN-ANFIQ
controller is the best transient response than the
others (PID or ANFIS). Energy control and ISE of
the BLDCM speed controller are calculated by
output signal (v,) and the error signal (e/)- that
aquired by measuring. The results are 60,425 and
36,255,000 respectively.

Speed response o BLDCH
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Figure 9: Speed response of a BLDCM speed conirol at
speed setting 2000 r/min.

The others testing was done at set speeds of: 1800

r/min, 1500 r/min, 1200 r/min and 1000 r/min. The

respons of speed setting 1200 t/min shown in
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Figure 10. Speed response of PID controller
required a residual steady state error. It is caused

DY
i pu-anh.u.x u.m éla\,n .,uaauxu o iu::-u it \.,Uiu.id.ipi

control for speed set at 1500 r/min is shown in
Figure 11.
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Figure 10: Speed response of a BLDCM speed control
at speed setting 1200 r/min

causes an overshoot of 5% for 0.5 second. The
several tests done at speeds set at 1000 r/min, 1200
r/min, 1800 r/min and 2000 r/min, the parameters

Testing of a prototype hybrid PID-ANFIS as a of  transient are shown in Table 5.
speed controiler for BLDCM is meant to test
robustness of the controller when the BLDCM is
loaded. The transient response of a BLDCM speed
Table 4:The parameters of transient, ISE and energy control of a BLDCM
Speed | Controller T 5
setﬂng (rlmln) structure ta (dt) | tr (dt) | ts (dt) | Ewr (%) |Mp (%)] ISE ]

Open loop 0,80 1,20 1,30 0.00f  0,00{68423 42.764.375

PID 0,50 100 1,50 250] 0,00{63.286 38.820.890

ANFIS 0,65 1,60 1,60 0,00] 000164 578 39.069.690§

2000 Hybrid PID-ANFIS 0,50 1,00 1,10 0,00f 0,00{B0425 36.255.000

QOpen loop 0,60 1,20 1,30 0,00 0,00]51.342 31.575.330

PID 040 0,80 2,30 2501 8.30547.843 29.184.230

ANFIS 0,60 2,30 230 3,00] 000j48614 29.411.470

1800 Hybrid PID-ANFIS 0,40 1,00 1,00 000]  0,00144 672 26.803.200

Qpen foop 1,60 1,20 140 u,0u U,00] 50441 31.008.915

PID 0,50 0,70 1,50 500f 8,00{48.580 29.533.800

ANFIS 0,75 1,60 1,60 0005 0.0Gj47.500 22.031.530

1500 Hybrid PID-ANFIS 0,40 0,70 1,30 0,00] 400143580 26.154.000

Upen ioop 4,80 1,20 1,50 0,001  0,00{40.583 24,958,545

PID 0.40 0,70 1,50 10,80f 4.20138.967 23.769.870

ANFIS 0,80 1,39 1,50 2,00; 00037840 22772200

1200 Hybrid PID-ANFIS 0,40 060 1,30 0,001  4,20{34.880 20.934.000

Cpen loop 8,580 1,20 1,30 0,00 890137621 23.138.915

PID 0,30 0,80 1,50 10,00f 14,00} 35.683 21.766.630

ANFIS 40 1,10 1,10 000 000834234 20.711.579

1000 Hybrid PID-ANFIS 0,30 0,50 0,80 0,00 12,00}31.887 19.120.200
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Table 5. The transient parameters of a BLDCM with load

~ Speed ~ Controller Turn on load Turn off load

setting {rimin) strusture lindershaot (%) | ts feecond); Overshoot (%) |t second)
1000 Hybrid PID ANFIS 5.00 0,50 5,00 1,00
1200 Hybnd PiD ANFIS 2,30 0,50 4,70 0,70
1500 Hybrid PID ANFIS 5,00 0,80 5,00 0,50
1800 Hybrid PID ANFIS 3,00 0.sd 4,00 0,80
2000 Hybrid PID ANFIS 2,00 050 2,00 040

The BLDCM test with changed speed setting is
meant to test the controller performance when it is
given a tracking control. The first is given a speed
setting of 2000 r/min, then after 3 seconds at (t=3)
the speed seting is changed to 1500 r/min and
finally after another 3 seconds (t=3) the speed
setting is changed to 800 r/min. The speed response
is shown in Figure 12.

S s &

.6.068 s

E6E 7
Figure 12 Speed response of BLDCM speed control when
speed setting changed

6. CONCLUSION

The structure and parameter of a hybrid PID-
ANFIS can improve the response performance of a
BLDCM speed control. This is done by dividing the
functions of PID and ANFIS controllers based on
speed error domain, namely, selecting hybrid PID-
ANFIS. The constribution of both the PID and the
ANFIS controller is determined by the activation
degree of each controller using the error relation
represented by a linear curve which is limited by
parameters a = 0 and b = 1. The response
performance of BLDCM speed control can
improved that impact to decrease of a control
energy and ISE (Integral Square Error). A hybrid
PID-ANFIS can be operated in a wide range speed
setings.

REFERENCES:
{1]. Gieras, J.F, WingM, “Permanent Magnet

Motor Technology Design & Aplication”, 2™
Edition, Printed USA, London UK, 2002.

[2]. Chiang, T.W. and Chan, K.U., “Soft-Switching
Converter for Brushless DC Motor Drives”,
JEEE  Vehicle Power and Propulsion
Conference (VPPC), September 3-5, Hrbin,
Cina, 2008, pp. 1 —-5

Samitha Ransara, H.K. and Madawala, U.K.,
“Modelling and Analysis of a Low cost
Brushless DC Motor Drive”, Industrial
iechnoiogy (iCii), Ziii3 ibEE internafional
Conference, 2013, pp- 356 —361,.

j. Maghfiron, ©H. Ataka, A., Oyas, W. and

Cahyadi, A.l.,“Optimal Enclgy Control of DC

131

Motor Specd Conirol: Comparaiive Siudy™
International  Conference on  Computer,
Cunirdl, infurmuiics and s Application

(TC3TNA 2013), Jakarta Indonesia, November,

V[\ N "\(\l'l - QO_O7
PFELY, SV, PP G50

Kiam, H.,

Qrrotam
Paciipis St 64

[5]. and Gregory, C. “PID Control

Moacion nuA To(\l’l—\c\'(\m 2
panl e E R 3

IEEE Trans. on Control Systems Technology,
Vol.13 No.4 July 2005.

Hidayat, PH.Sasongko, Sarjiya and Suharyanto,
“Performance Analysis of Adaptive Neuro
Fuzzy Inference Systems (ANFIS) for Speed
Control of Brushless DC Motor”, Proc. ICEEI
:Cll udnuuuu J(i;y, 2311, P £4-1.

JangJ -S.R, Sun.C.T, Mizutani.E,, “Neuro-
Fuzzy and Soft Computing”, Prentice-Hall
International Inc, USA, 1997.

Kalavathi, M.S. and
?Performance Evaluation
Fuzzv Logic Controller
Brushless DC Motor”, Power Modulator and
High Voltage Conference (IPMHVC), San
Diego, CA, June, 3-7, 2012, pp 488-491.
Muhammad, F., Zainal, A., Dahaman, 1. and
Hasni, A.B., “A Comparative study of PI,
Fuzzy and Hybrid PI Fuzzy Controller for
speed Controi of Brushiess DC Motor Drive”,
International ~ Conference  on  Computer
Application  and  Industrial  Electronics
(ICCAIE,2011), pp.189-194

Asrsleala
Anglyais,

[6].

[7).

[8]. Reddy, C.S.R,
of Classical and

Technique for

[9].

374




[10].Rubai.A, Marcel, J, Castro.,S, Abdul, R.O.*
Design and Implementation of Parallel Fuzzy
PID  Controller for  High-Performance
Brushless Motor Drives : An Integrated
Environment for Rapid Control Prototyping”
IEEE Transactions on Industry Applications,
F4{4), Juiy/Augusi, 20608, pp:1650-1058.

[11].Kaboli, S.Hr.A, M. Mansori, J.Selvaraj and
N.B.Ahim, 2013, “A Hybrid Adaptive Neural-
Fuzzy Tuned P.JI Controller Based
Unidirectional Boost P.F.C Converter Feed
BLDC Drive”, 4" power Electronics, Drives

Svstems Technologies Conferences
(PEDSTC2013), 1Iran, Feb, 13-14,2013,
pp-176-181.

[12].Joseph, Yiu, “The Definitive Guide to the
ARM  Cortex-M3”, Texas  Instruments
Incorporated”, Elsevier Inc, Ali rights
recerves Burlington, MA 01803, USA, 2010

{13].Hidayat, Pramono Hadi, S., Sarjiya and
Suharyanto, “Modeling the Speed Control of
Brushless DC Motor Base on Identification
System”  International  Conference  on
Instrumentation, Communication, Information
Technology and Biomedical Engineering,
Bandung, Indenesia, Movember 78, 2013

[14].Jinan Keya Electronic Co. Ltd, *“Operating
Instruction BLDCM Motor Control”, China,
2009.

[15].Hidayat, Sarjiya, Sasongko.PH, and
Suharyanto, “A Comparative Study of PID,
ANFIS and Hybrid PID- ANFIS Controliers
for Speed Control of Brushless DC Motor”,
Proc. IC3INA 2013 LIPI Jakarta, November

,19-20, 2013.

375




