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Abstract

The appllcation of dispersed gencration has o great aliention nowadays due Lo its fangible Jmpacts on he operation
of distribution networks, Photovoitaic array Is n significant type of embedded resources. This paper presents an
approach to enhance the cconomics of dispersed photovollaic generalors, A control sirategy Is proposed to extend the
functionality of Its clectronic converter interfree to serve as a versallle power conditloner. Thereby, it can extract
maximum power from the photeveltaic generutlor, climinate harmonics, supply reactive powcer, suppress line current
unbalance, nnd regulate the Joad voltage as ancillary tasks. The control afgorithm is based on n hybrid synchronous
reference frame-fuzzy logie scheme, The system performanee is examined under o variety of operating situations and
promising results are obtained,

fuilex Terms—Dispersed Generatlon, Photovoltale Systems, Active Conditioners, Control, Fuzzy Logic,

I. INTRODUCTION

The need for more flexible clectric systems
with  higher cfficiency and quality, lcss
cnviropmental impact and with greater reliabilily
motivates  the development of  dispersed
generation (DG) and storage systems [1]-[101. DG
reduces the network losscs, improve vollage
profiles at consumcr buses and defer T&D
expansion invesiments. Meanwhile, it provides
some operational challenges like proflection
devices -mis-coordination, increased shott circuit
levels and degrading power quality [1].

The proliferation of nonlinear loads in
distribution system causes increasing levels of
‘harmonic distortion  of current and voltage
waveforms in the system. The introduction of DG
makes the situation more serious. This results
from the power clectronic interface necded to
integrate most of the DG types with the grid [11].

The power electronic interface may produce more
harmonics and consume reactive power {e.g. SCR
converters), So, an cffective compensation system
is required to maintain power quality [3).

Aclive power conditioners (APCs) are
developed in the last two decades to improve
power qualily to permissible limits of the applied
standards [12). Rccently, Distribution STATic
COMpensator (DSTATCOM) has been applicd to
distribution networks to manage the system
reactive power and to regulate the voltage [5].

For pholovollaic (PV) systems, the output
power varies with the operating voltage even the
insolation and temperature are constant, So, the
output power of the PV array (PVA) may not be
the maximum possible one for given insolation
and temperature. This can worsen the cconomics
of PV syslems as the PVA with the highest
compenent cost in the system is not fully utilised
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in energy preduction. A maximum power point
tracking (MPPT) scheme is always included to
track the maximum output power operaling point
of the PYA[13 ].

In [11}, the inverter interface of the DG
integrated to the grid is concerned. A control
method is presented that provides high quality of
the DG current injected to the grid. A passive
filter is designed and incorporated to attenuate the
switching frequency components. A maximum
power tracking system of PVA is described in
[13]. Tt is based on boost dec chopper with
feedforward control loop. In [14], the models of
two DG sources, namely PVA and diesel-driven
generation plant arec formed. The co-ordinated
management is introduced to fully cxploit the
PVA capacity. In [I] and [5], the concept of
flexible distributed generation (FDG) is presented.
A control stratcgy of the nonlinear link connecling
DG to the distribution network using a current
controlled vollage source inverter (VSI) s
provided. I'DG combines the functions of
DSTATCOM and active power filter. It is able 1o
compensalc harmonics and reactive power in
addition to active power condilioning and transfer
to the grid. However, no specilic DG source is
studied. The dc bus output voltage of the arbitrary
DG is considered as constant. This assumption is
unrealistic for most of renewable DG resources,
particularly PVA and wind turbines. Their output
voltage and power fluctuate continuously as they
depend on fairly random climatic factors.

This paper proposes a versatile nonlinear link
lo intcgratc the PV DG system to the grid. Its
basic function is to regulate the active power flow
fromt the PVA dispersed generator to the utility
dnd 1o guarantec maximum output power
cxtraction from the PVA at any climaltic
conditions. Besides, the link can supply reactive
power to the utilily to achicve any desired power
factor opcration or (o stabilisc the point of
common coupling (PCC) volltage. Also, it can
“climinate harmonics produced from nonlincar
power, compensatc  three  phase  currents
“unbalance, and regulaic the point of common
coupling (PCC) voltage. Thus, the controlled
converter interface replaces the PYA maximum
power point tracker (MPPT), DSTATCOM, filters
and on-load tap changing mecchanism (QLTC) of
the substation transformer, Accordingly, a great
reduction in the system cost is attained. Hence, the
proposed DG-supported APC, will be referred to
ns DGAPC, fits the operational nceds of
distribution networks.

A. Elmitwally and M. Rashed

II. SYSTEM CONFIGURATION

The general topology of the studied system is
shown in Fig.l. A three-phasc rectifier load is
connected to a four wire 11 kV distribution grid
through a matching transformer. The transformer
is 11kV/380V (linc voltage) with Wye-connected
windings in both primary and secondary sides.
The solar PVA dispersed source is coupled
directly to the DC bus of its interfacing PWM
converter via a small reactor. The later helps to
stabilise the DC bus voltage. The converter is a
three-phase three-leg half bridge PWM voltage-
source current controlled IGBT converter. When a
proper control strategy is adopted for this interface
converter, it will undertake the dedicated
compensalion tasks discussed in the former
scction, Hence, it forms the core of the DGAPC
presented in this paper. The dc bus uses a
common split capacitor with a centre tap
connccted to the ncuiral line. The ac side of the
DGAPC is shunt connccted to the PCC through a
synchronous link reactor, L, which contributes
also as a [irst order [ilter. Owing to this topology,
the threc phases can be regarded as three
decoupled  single  phascs  permitting  the
implementation of per-phase current controllers.
The converter model is provided in [12]-[14].
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Fig.1. The System configuration,

III.THE PHOTOVOLTAIC ARRAY

The PV technology for the utilisation of solar
cnergy is onc of the most attractive renewable
resources. It is featured by a high invesiment cost
for its application. The typical structurc of a PVA
is constituted by a high number of modules
arranged in a parallel and scries connections to
give the desired voltage and current outputs, The
PVA studied hercin consists of 150 series-
connected and 10 parallel-connected modules that
produces about 70 kW at 1750 V for a solar

insolation of 1000 W/m2 and a temperature of 25
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CO. The nonlincar voltage-current characleristics
of the PYA and the output power for insolation
levels of 100 to 1000 W/m2 and at a step of 100
W/m2 T=25 CO is depicted in Fig,2.

It is economically inevitable fo extract the
maximum available power of the PVA. The
output power of the PVA varies with its operating
DC voltage at certain insolation and temperature,
The maximum output power occurs at 60-70% of
the open circuit voltage of the PVA. The outpul
power surely changes with the climatic conditions
of solar insolation level () and the ambient
temperature (T). The model and the data used for
the PVA modules are taken from recent papers [13
-015].

For the purpose of the proposed DGAPC, it is
fargeted to be capable of tracking the maximum
oulput power from the PVA. Therefore, the
operating DC voltage of the PVA that will provide
maximum output power has to be determined for
given values of A and T. This voltage value will
be considered as the setting value of the PWM
converter DC bus voltage that is taken as an input
to DGAPC control scheme. There are several
means to specify the operating DC voltage that
ensures maximum output power production from
the PVA [14]. Multivariable linear regression
technique and feedforward neural networks are
used alternately in this study. For many different
possiblc  combinations of A and T, the
corresponding maxitmum oulput power operating
DC vollage values are computed via the
mathcmatical model of the PVA. This obfained
data is used fo cstimate the coeflicients of the
regression model which correlates the maximum
output power operaling DC voltage V. 1o A in

max p

Wim2 and T in CO as inputs. The madel is
deseribed in (1).

Vawp SaNL+a, T+a,

ux

)

2
[

-
o

). 0w
= 5 ¥ ¥ & % 2

Vellage [v)

Fig. 2. The PVA characteristics.
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The same data is used to design and train the
feedforward neural network (FFNN) that has two
input neurons (for A and T), and one output
heuron (forv, ). The FFNN has 12 neurons in

the hidden layer with segmoid transfer function
[16]. After (raining, the FFNN fits indirectly the
relation between the input variables and the output
variable. The estimation crror for the IERression
mode! is below 5% and it is less than 3% for the
FFNN,

IV. THE PROPOSED SCHEME

The proposed control strategy of the DGAPC is
based on a hybrid synchronous reference frame
(SRF)- fuzzy logic system. It is composcd of three
loops as shown in Fig.3. They arc described in the
following subsections.
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Fig.3. Schematic diagram of thc DGAPC control system

A.. The Main Loop
The sensed three-phasc load currents are
converted info three components (iy, iq and i} in
the rolating  d-q-0 reference frame at a
transformation angle 2 via (2).
2n drn
g vosD oos([)—-:‘—) m{ﬂ—-a—) : [2)
{i‘}-—-ﬁ ~sin0 -sin[(]-zi] -sin([)—ff' [1,,}
3 3 3,
i, i ) 1 1
7 2 2
0 15 the angular position of the rolating reference
frame. 0 is produced from the sensed three-phase
grid vollages using a phase locked loop PLL [11].
The  fundamcntal  frequency compoment s
converted by this transformation into a de quantity
and the non-fundamental ones arc involved as
ripples. The d and q axis currents are composed of
a dc component and ripples expressed as
I, =1, + I,

)
where x denotes to d or q axis, i, is the dc current

component and i, is the ripple.

Cxtraction of the de component, as a crucial step,
15 cffectively accomplished by a low-pass filler
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(LPF). A third order Butterworth LPF with a cut-
off frequency of 20 Hz is adequate. LPF provides
no phase crrors for dc signals.

B. The Maximum Power Tracking Loop
Flexibility, robustness, insensitivity o
parameter variation and nonlinearity handling
capability are powerful advantages in fuzzy logic
controller (FLC). Thercfore, FLC is seclected
instead of the conventional PI controller in this
maximum power (racking loop {12]. The actual
DC bus veltage is sensed and compared (o a
dynamic setting point computed from either from
(1) or FFNN discussed in the previous section.
The difference AV.is processed in a well-
designed FLC to yield the correction componeat
(14,mxp) that is added to the load d-axis current i,

to produce the d-axis rcference current of the
DGAPC (iy,). The construction of the FLC

block of Fig.3 is shown diagrammatically in

Fig4. -
& B
[7“ —GE
ruulh- -:;":’ i ..lc.gﬁ_“m'
_1_[

----- ol e T o=

Vu i

Fig.4. Structure of Fuzzy Logic DC Voltage Controller.
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Fig.5. Shapc of membership functions.

The fuzzy control algorithm consists of a set
of fuzzy conitrol rules which reflects the
experience gained {rom the plant operation. The
rules arc combined by using the implication and
the compositional inference [12]. The presented
fuzzy controller has two inputs and onc oulput.
The first input is the DC bus voltage crror (¢) and
the second is the change in the DC bus voltage
error (Ac). The oulput is the change in the d-axis
reference current component of the DGAPC (hat
will verily maximum power extraction of the
PVA, Ay p The membership functions are

triangular shaped with 50% overiap for a soft and
progressive control adjustment (see Fig.5). Each
variable has 7 membership functions labelled {from
negative big (NB) 1o positive big (PB). TFig.5
depicts the unitary universe of discourse adopted

for the ail thrce conlrol variables. It can be
modificd by a simple gain for cach variable, GE
for ¢, GC for Ac and GR for A, ., (scc Figd).

A rule basc of 49 rules is selected 1o establish the
fuzzy controller [5], [12]. With thec use of
Mamdani’s implication and with defuzzification
by a centroid method [12], the fuzzy controller
provides the valuc of Ai, ... For the time

sample number k, the valuc of i, ., is given in
(4) as:

ld,ma.xp 2 Id.mamp (k'1)+GR aid,m:‘n (4) -
C. Reactive Current Adjustment Loop

The DGAPC controller is supplemented by a
third loop dedicated to rcgulate alternately either
the PCC voltage or the reactive power [low Lo Lhe
grid. 1t is composed of (wo branches. The [irst
forces the DGAPC (o injecel adequate amount ol
fundamenital reactive currenl with relevant sign
into the power line. This current builds correcting
voltage drop across the ulility grid system
impedance 1o regulate the PCC voltage. The peak
PCC voltage (Ve ) is comparcd (o ils reference
value (V). The crror is processed in a Pl
controller 1o give a correclive fundamental
reaclive current i, y, that is summed up wilh the
g-axis componcnt of the load current, The second
branch caters for rcgulating the reactive poser
{lowing into the grid. An amount of current whicly
represents a desired  sclling lor supplying reactlive
power to the grid (i} ) is added as shown in Fig.3.
‘The reactive power flow Lo the grid is compared to

its selting value. The error is processed in a Pl
controller to give 1he correclive fundamental

reactive current i, that is summed up with the q-
axis component of ihe Joad current.

D. PIVM and Current Control

The three loops described above arc integrated
as revealed in Fig.3. The net d, q and 0
components of the DGAPC reference currents,
iges 1q,and iy, arc used to oblain the phases a,

b and ¢ reference currents of the DGAPC, i,
iy, and i, , through the inverse transformation

(1], [11}. The sampled three error signals
initiated by comparing the three-phase reference
currents 1o actual DGAPC three-phase output
currents arc used to generale the swilching
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patterns of the six IGBT switches of the converter
via a hysteresis current controller (HCC) as
depicted in Fig.3. When the error cxcecds the
limits specified by the bysteresis comparator, the
switching state of the IGBTs in the corresponding
phase leg of the converter is reversed to minimise
the error tracking the reference template. The
main shortcoming of the classic HCC is that the
switching frequency, beside its dependency on the
band limits, is usually prohibitively very high and
varying. To alleviate this aspcet, the crrors in
DGAPC currents are sampled at constant rate of
20 kHz before entering the HCC. This assures that
the maximum switching {requency is less than 20
kHz which is suitable for high power IGBT
swilches.

TABLE 1

SYSTEM PARAMETERS USED IN SIMULATION
| voltage:11 kV (line), ]

| Utility | Frequency: 50 Hz

Terminal smoothing reactor=

20 mH
PVA | a =15.92, 2,=6.86 and 2
=1858.54
cC = 10000 pF,
L = 2 mH,
DGAPC | Mmaximum switching frequency
=20 klle,

rE:clit"uz:r [=20 mH, R= 20
load | Unbalance load: 4 , § mH

RC .
Branch R=20,C=50 pF

V. PERFORMANCE OF THE DGAPC

The proposed DGAPC is cxamined for
achicving maximum power cxiraction of the PVA,
harmonics climination, power factor corrcction,
line currents unbalance removal and voltage
rcgulation under three  different  operafing
conditions. They are described in the following
three subseclions. The attained amendment in the
waveforms is cvaluated in ferms of total harmonic
distortion {THD) of line current and PCC voltage.
The load is composed of three phase diode bridge
rectifier with R-L load. The proposed DGAPC is
simulated in MATLAB environment. A list of the
system paramecters considered in simwulation is
disted in Table I. The ambient temperature is

assumed as 25 CO-

The investigation results are indicated in Table
[I. The casc index in this table refers to the

[, March 2006. E 5

operating condition scl as pointed out in the
following subsections A-C sequentially. For the
first two cascs ihe voltage regulation control
branch is put out of action to enable unity power
faclor opcration of the grid source.

A. Balanced Load Conditions

Figs.6 and 7 show the performance of the DGAPC
under these conditions. The insolation is assumed
to be constant at 1000 W/m2. Fig. 6 depicts the
following from top to bottom: {a)the three-phase
toad cwrrents, (b) the three phase grid currents, {(c)
the three phase DGAPC currents, and (d)the load
and the grid current specira of phase a, where load
current specirum is in the dotted line, and the grid
current spectrum is the solid line.
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Fig.6. Currcnt waveforms at balanced condition.
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Fig.7. DGAPC perfonmance at balanced conditien,

Whereas Iig. 7 reveals the following;
(a) the phase a line to neulral voltage at PCC and
grid current versus time, (b) the three-phase PCC
voltages, (c) the reference DC bus voltage decided
by the MPPT FFNN and the actual DC bus
voltage., (d) the three-phase grid-supplied active
and reactive power where the reactive one is the



E.6 A. Elmitwally and M. Rashed

dotied line., and (¢) the PVA output current {the
dotted line) and the neutral line current.

From these figurcs, it is noticed that the grid
current is nearly sinusoidal and in phase with the
phase voltage resulting in ncar-unity power factor
operation. The DGAPC has been able to suppress
all the individual load current harmonics. The
unity power factor is manifested only for the time
before 0.2 s wherc a step change in the grid
reactive power setting from 0 to 20 kVars occurs
(Fig.7 d). The DGAPC exhibits good dynamic
responsc within a less than half period of the
fundamental frequency (10 ms). The DC bus
voltage is approximately maintained constant at
the value decided by the FFNN MPPT algorithm.
The three-phase line currents are almost sinusoidal
and balanced with the proposcd DGAPC. The
neutral line current is nearly zero. The PVA
supplics about 70 kW which is ils maximum
output as dictaicd by the MPPT algorithm. On the
other hand, the grid delivers additional 40 kW
(Fig.7 d) to meet the load power requirements,

B. Unbalanced Conditions

An cxtra R-L load is connected belween phase a
and the ncutral at PCC. The system performance
for that casc is demonstrated in Figs. 8 and 9which
arc analogical (o Tigs.6 and 7 described in the
above subscclion. The total load currcnts arc
unbalanced as shown in Fig.8a with unbalancc
ratio of 10.2%. The nns value of the phase voltage
is 220 V. The three-phasc grid currents arc shown
in Fig. 8b. The grid currents arc forced to be
approximately balanced. Their unbalance ratio has
been suppressed to less than 0.5%. The neutral
line current as shown in Fig.9e tends to zero. The
grid currenis are almost sinusoidal with unity
power factor relalive (o the respective phasc

voltage. When a step change from 1000 W/m?2 to

500 W/nZ occurs to the insolation at 0.2 s, a
momentarily short circuit happens to the PVA
(Fig.9d). Its output power comes down to about 35
kW. The grid active power is increased through a
transient period of 6 cycles to 65 kW to support
the load compensating the deficicney in the PYA
output power, This is also reflected in the grid
currents where they are nearly doubled. The DC
bus voltage comes back to its reference valuc in
about 5 cycies.
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Fig.8. Current waveforms at unbalanced condition.
¢ Voltage Regulation

The DGAPC is capable of accomplishing
voltage rcgulation at PCC by managing the
requested voltage drop across the utility power
sysiem impedance. This is revealed in [Figs. 10 and
11, where the voltage regulation control branch as
discussed in section 4 is cnabled while the reactive
power confrol branch is suspended.

Fig.10 is cquivalent to Fig.6 but an insolation

level of 700 W/m?2 is considered in this case. A
sicp change in the phasc a load occurs at 0.15 s to
bring unbalance in the three phase load currents.

Fig.11 is similar to Fig.7 cxcept that the peak
(dotted Jinc) and nns valucs of the three phase
vollages at PCC arc depicled in Fig.lle. The
DGAPC maintained the PCC rms voltage (its
output voltage) at 220V for all time cven afier the
Joad is increased and becomes unbalanced at 0,15
s (Fig.11¢). Belore the 1ime0.15 s, the reactive
power flow to the grid is negligible (unity power
factor operation). Afler that time, considerable
amount of rcaclive power (about 20 kVars) flows
to the grid from the DGAPC as a side product of
the PCC voltage regulation process (IFig.11d) .
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The voltage countrol loop responds in about 2 ms
from starting to stabilise the PCC  voliage
(Fig.11b and Fig.1le). It is immunc o sudden
variations in load keeping constant PCC voltage.
This illustrates that the proposed DGAPC does a
good job in stabilising the PCC voltage. It can be
remarked from Fig.10b that the three phase grid
currents are harmonic {ree and balanced for all

time.

TABLE Il
PERFORMANCE OF THE DGAPC EXPRESSED N THD%

mcj
Case | Load current | Grid current | voltage
A 15.32 1.68 3.55
B 12.01 0.96 313
C 1207 1.67 3.09
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Fig.11. DGAPC performance for voltage regutation mode.

VI. CONCLUSION

A flexible PV DG supported active power
conditioner (DGAPC) is presented in the paper. (is
target {functions are to regulate the active power

- flow supplied from the PVA dispersed generator
to the ulility and to extract maximum output
power from the PVA at any climatic conditions.
Furthermore, the link can supply reactive power to

E.7

the utility 1o achieve any required power factor
operation or (o suslain point of common coupling
(PCC) voltage. Also, it can climinate harmonics,
and compensate three phase currenfs unbalance.
This package of functions is accomplished
through the proper control scheme of the PWM
converter interfacing the PVA to the utiflity, A
hybrid SRF-FLC scheme is adopted to determine
the reference signals of the DGAPC and hysteresis
current control is used to produce the switching
patterns of its [GBT switches. The system is
investigated under different operating conditions
and simulation results are discussed, The efficacy
of the studied approach has been verified, The
DGAPC is found (o be competent in
accamplishing its compensation tasks. [t also has
ahigh dynamic response within half a cycle,
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Abstract

Foundation of a robust image classifier depends on having an accurate image’s description
based on its visual content. Recently, contour-based shape descriptors are employed for
object-based representation duc to its applicability to generic shapes and tolerance to noise
and distortion. In this paper, an approach for extracting a hierarchical contour-based shape
descriptor is described. It benefits compactness, flexibility, and suitability for image
classification. This approach mingles the global description of moments with the
multiresolution decomposition property of wavelet transform for robust shape representation
and extracts approximate information about object’s shape. Furthermore, by integrating a
suitable segmentation algorithm into the descriptor generation schema, the proposed approach
turns into object-based. Experimental results show that the resultant descriptor provides
promising results in terms of accuracy for medical image classification.

Keywords: Shape Descriptors — Shape Recognition - Wavelet based Shape Representation
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1. Introduction

The irrcgular format of digital image tends lo
defy standard catcporization and classification
techniques. Classification problems generally, ain (o
identify the characteristics that indicate the group lo
which cach instance belongs. Classification can be
used both to understand the existing data and 1o
predict how pew instance will bechave [1]. The
benefits of iinage classification include better image
storage and management, and oplimized image-
indexing scheme for fast and cfficient image
retricval |2}

Traditional systems uscd to storc and process
multimedia images provide litlie 10 no means of
automatic classification. Exisling image rctricving
systems [3, 4] limil classification mechanism 1o
describing an image based on meladata such as
color. texture, or shape leatures. Other sysiems vse
ncural networks  logether with  image  features
(descriptor) to provide automatic classification of
images |5, 6). Antonie ¢t al |5] exploited the use of
neural networks in classification of breast cancer
image using back-propagation which proved 10 be
less sensitive 1o database imbalance at a cost of high
raining tinic,

In micdical application, shape is onc of the most
essential low-level images feature attribuies  tha
liwve reecived attention for classification [6]. Shape
is a very significant feature i image pereeplion,
Human beings tend to perceive scencs as being
composcd of individuat abjects, which can be best
identificd by their shapes [7]. One wain advantage
of using the shape featurc of a target is that it
contams  fower  pasamcters  since it can Le
represented by one dimensional curve. Another
advanlage is thal the shape feawre can be
normalized so (hat it has mvariant propertics. These
propettics greally reduce the size of ihe target
database and the complexity of target search
algorithms  |8]. In general, analysis of shapes
requires the identification of proper descriptors that
differentiaic the shapes in the image for further
classification and rccognition.

Many rescarches on  shape indexing  and
description have been proposed |9, 10, 11, (2]
These techniques can be classified nto two distinet
calegorics: contour bascd and region based shape
description. The first one describes the considered
region by using its cxternal characteristics while the
sccond onc represcnls the considered region by
using its inlernal characteristics. Adamrk ot al [13)
compared the various shape representation schemcs.
The comparison shows that contour-based shape
properiies arc more significant for retrieval of
scmantically similar objects than region-based shape
propertics. The contour-based descriptor is very

cfficient in applications where high variability i tic
shape is cxpected, caused by, c.g., deformation in
the object, and tolerant 1o noisc presented in (he
contour {14},

Two major shape descriplion methods arc
considered: Wavcelet theory-basced mcthod and the
Moment theory-based method. As [ar as the former
approach is concerned, the wavelet transform is
geuerally uscd 1o describe the shape from iis
boundary. Wavelet (ransform produces a scquence
of cacllicients called Wavelet descriplors (WD),
These coeflicients represent the shape of an object in
the frequency domain where the lower frequencics
symbolize its pgeneral conlour, and the higher
frequencics represent its detailed contour. Only a
few coclficients arc cnough fo describe cven
complex shapes. Wavelet descriptors have  (he
advamtage over Fouricr descripiors in thot, they
achicve localization of shape [calures in joint-space.
i.c.. in both spatial and frequency domains. The
wavelel transform’s focalizution property
concentrates on local differcaces between shapes
within a limiled sct of cocflicients |14 ].

The fatter method uses region-bascd moments lo
characicrize Ihe contour of an object. It also
considers global features such as cenler, variance,
and symmelry, In general, this moment description
is suited for a simple similarity scarch, but docs nat
consider local conlour vasiations, becansc il gives
lower performance in the frequency domain, Thus.
there have been cfforts on incorporaling another
[requency-based (echinique 1o it for effcctive and
compact contour representation. Babu ot al [15)
comparcd 1he performance  of  boundarv-bascd
representations, region-based representations  and
combincd  represemtations.  Their  cxperiments
showed that combined representations outperformicd
any single representation,

Although sysicm cfficicncy in terms ol speed
and computations]l complexity his been also subject
of many rescarches, many related problems are still
unsolved. A major shoricoming of the available
shape description techniques is the lack of & sensible
integration between  segmentation and  indexing
when object-based description is cnvisaged. The
rescarch leading to this paper focuses on this
problem, i.c. efficiency. The objeclive is 10 develop
a scalable and efficient descriptor approach. This
approach integrates a global moment’s description
and (he  wavelet  hicrarchical  decomposition
propery, lo form a contour-orienicd representation
tool of shapes. The approach is independent to
object’s translation, rolation. and scaling. This
invariance is achicved by application of invariance
transformation for the wavelel descriplor and the
global nature of moment values for the moment
descriptor. The generated descriptor is used in
conjunction with ncwral neiworks o perform
classification i various levels of detail.
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This paper is organized as follows: Scclian 2
details the sieps taken (o exiract contour descriplor,
Section 3 introduces image modeling that depicis the
proposed descriptor approach. Scciion 4 presenis a
system Tor medical image classilication owlings the
sicps carried out by the newral nedwork as il process
an image. Selccted resulis from the experinicntal
evaluation are reported in scciion 5. Finally, the
paper concludes will: a summary in scciion 6.

2 Confour-based Feature Extraction

The following subsections owtling the steps taken
o successfuily cxtract the coutour features veclor,
Figure 1 shows the Llock diagram of cxtracling the
wavelet-bascd contour descriptor.

fvage Pre-processing Stapge

e e -

Enhancement =3 Noise
Removal

Cropp

mne

equalization increascs 1he conlrast range in an image
by increasing the dynamic range of the colors,

Regarding medical images. fealure based on
image objeel’s shape can differentiate images better,
Alas, the timage quanlization 1o black and white
produces  noise  around  the  shape  boundary.
iherelore, (he use of de-aoising process is vital, The
de-noising process climinates isolalcd pixels and
isolatcd small regions or scgimenis. In the developed
approach, a worphological closing filter is used tn
order to remove noise. which can be defined as {10):

B=BeK = (BOK)OK .

where @ and @ are the morphological dilmion
opcrator  and  morphological  crosion  opcrator
defined, respectively, by

BOA=JGh+B) BOK= (Y(k+B)-
kek keX
where K is the following 3 x 3 binary mask

AR }
Goge | T ¢ 1o
Coardinates Vo Bdge Tracing | o Thresholding .
i & Linking (J Segmentaion K=11 1 1 (i)
L
; ) 01 o

Conlour Sampling & Nermalization

Centealization & Transform 10

Resampling  #5»

Mormalization Polar Coordinate

e

Contour Exirnctlon

Contour <
Descriptor  E-

Fig.1 Sieps of exiracling the wnvelet-bascd coatour,

Wavelet
Represemtation

Highest Magnitude
Coeflicients

2.1 Pre-Processing Stage

Medical images arc difficult 10 interprel, and o
pre-processing stage is necessary to improve {he
quality of the images and make the feature
extraction slage more reliable [3]. Three techniques
arc uttlized ia this work: a croppiug gperation, an
image enhancement, and finatly morphological noisc
removal. The first onc is cmployed in order o
remove the unwanted parts of the image usually
periphcral lo the area of interest. Tinage
cnhancement helps in qualitative improvement of
the image with respect to a specific application.

In order 1o diminish the eflect of over brightness
or over darkness in the images and emphasize the
image features, 2 widely uscd 1cchnique in the inwge
processing (o improve visual appearance known as
hislogram ecqualizalion is apphed.  Histogram

an example of the three applicd techniques is
given in FigureZ.

Moise Removal

Histogrom Egualization

Figl, Pre-processing singe on an example image.

2.2 Sepmcentation Stape

For the fenture exiraction of contour descriplor,
scpmenied image anaterial has o be provided.
Medical images arc rich in both color and texture,
and a wide range of them can be considered as a
mosaic of regions with different colors and textires
(16]. In this work, scpmentation 1s achicved by
Expectation Maximization (EM) algorithm appticd
an 2 model based on Gaussinn mixture disiribution
of the color i texture feature space [17). Aler
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running EM algorithun, cach image pixel is labeled
with the cluster valucs for which il altains the
highest likelihood. A 3x3 max-vole filter is then
applicd to smooth the image and run a connccied
componcnt  algorithm o producc » scl of
homogencous image regions (classes). Figure3
gives an example of EM scgmentation resull with
1wo classcs.

Scgmented Image

Processed Intage

Fig. 3. Example of segimented image.

2.3 Contour Representation and Sampling,

Edge deicction and cdge tracing arc very
important 1asks in contour [caturcs cxtrction.
Techaically, edge delection is the process of localing
cdpe pixcls, and cdge tracing is the process of
following the edges |17). In a first siep an ordered
sequence of contour points approximating the inpul
shape is extracted. For Lhis purpose. a conlour
detection algorithim similar to that of Canny [18] is
applied (o the segmented image. For some shapes,
the shape boundary is not always connccted:
therefore o clockwise edee-linking algorithm is used
to fill the gaps between boundary points and 10
casurc that a closcd contour is extracted from the
image | 19].

In the next step, a vector of equally distributed
poinis along the curve is extracted from the ordered
sequence of confour pixels (sampling process). The
sampling process ol only normalizes the sizes of
shapes but also has (he clTect of simoothing the shape
[19]. The smoothing clishinates the noisc in the
shape boundary and the sminll details along the shape
boundary as well. By varying the number of sampled
points, the accuracy of the shape represcntation can
be adjusted. The technique used begin with sampling
ihc cdge coordinates using a uniform number of
points so thalt no matler how long a curve is, the
aumber of sampling points is the same, this property
is crucial for scale invariance, I there arc i original
edge points (xo{i),yo(i)). 1 = 0, 1., m-1. The
incremental curve Jength can be caleulated as |20):

1(0) =0,
L= () =G =D +035) 2o =D,

i) =G -0+ T,

F=h...m 2)

The total length of the curve is denoted by L=/m).

The curve is then vniformly sampled at 1 points, i.c.

".Jt()i) = .\’(,(.\')(l - f) "'.\‘“(.\'-F l)f

.P.l.'(j) = .Va{-")(’ - f} + M, (»+ ”f J= Fneis "
willy
5’=I_L><JKHJ, f‘_ﬁ_-—“ldxﬁ”—{(s)

Tl D) - 1(s)

FFrom this point, thc contour of the shape is
presented by the ordercd sequence (x(s), y(s)) of
conlour poinls. where & denotes the position along
ihe conlour. §n arder Lo Tacilitate the use of the fast
wavelet transiorm. The number of sampled points is
chascn to be power of lwo

2.4 Contour Normalization

Shape mwust be normalized belore  wavelet
transform is performed. Edge coordinates arc in
general dependent on the displacement. scaling, i
rotation of the largel. A normalization process is
performed so that the normalized cdge coerdinalcs
have 2D shilt, scale. amd rolation invariam
propertics. To normalize the contour representation
with respect to displacemerit, the cunve is shilted so
that the center of the curve is located ot the origin,
This is achicved by calculating the new coordinaies
{eu) v, using

AN EAD-F v =v-F )

where & ) is the mcan of the cdge coordinates. To
normalize the representation witls respect Lo scaling
and 2D rolation, edge poiwts arc fransformed from
Cartesian coordinates 10 Polar coordinales vin

RO = Y + 5,00

)
q(;):mn“'(ﬂ‘f_} )
\ ()
R(j) is then normalized so that it has the unit radius.
Since all 1argets with different sizes have the samic
radius, tiwey arc scale-invariant. Finally. for
rotational invariance. the coordinales are rolated so

that the center of mass 5 iRf (i) for radius R s
minimized [19].

D« N

~ R{i+£)
h*m_{ N-k<i<N

R(i-N+ k),
where
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N
k = argmin Zr’Rk (). ()
k

i=}

2.5 The Wavelet Descriptor

The wavelet transform is a (ool that divides up
data, functions, or operators into differcnt frequency
componeats and then studics each component with a
resofution matched fo its scale |20]. Therefore, the
wavelet transform is  anticipated (o provide
inforinative mathcmatical representation of many
objects of intercst. Wavelels have many [avorable
propertics, such as vanishing moments, hicrarchical
and multiresolution decomposition structure, dilating
relation, corpaciness ol the supporl, decelerated
coefTicients, and a wide varicly of basis funclions (I,
21|. These propertics provide considerably more
efficient and effective solutions to many shape
description problems.

Let (z]3bc a discrele parameterised closcd

planar curve-that represents the contour of an object
of interest consisting of N peints (oblained in
previous section) of the form 20]

Ry
Z,.z =" \
Gui

or also, tn Ml x noiation

R M
®

where the parameter ¢ corresponds to (the normalized
arc length. Il a level J/, partial one-dimensional
“Discrete Wavelet Transform” (DWT) is applied
independently o each companend, the planar curve
can be described in terms of the wwuhiresolution
analysis of {Rr,}and {d»,}:

Zi=

73 :I—R]= WT\VH
£d WT\V(D
vj‘ VTUD Jo w?- '\Vn'
- o + F 1 %)

T ‘ Ty
VJ,O VQ;D J=l WJ \V‘Dj

where 1 s au &V x ¥ real-valued malrix defining the
partial DWT, and \W;, . Wy, are column vectors of

length & in which the first (1 - 27" )& elements are
the wavelet coefTicients, and the last 277" ¥ clements

are the scaling coefficients. The w:‘:.WRJ. J

=1,2,..... 4, are the detail veclor whose elements are

"In this paper, {Z?}indicates that Z is bi-dimensional,

not power operations. The same helds for malrix nolatbion.

relatcd fo changes i the R component at scale 277
and thie smooth vector v/ Vg, Tepresents averages
fo

at seale 27 The woveler descriptor {WD) for the
planar curve Z? is defined as the coefficienls of the
partial DWT for Rand @, (hat is

WD) = m"] )
i H]

With  (his  dcfinition, a  mulliresolution
represcilation ol the closed curve has been oblained
by using only a subsct of wavelet cocfficients
consisting of primarily coarscr scalc componenis. In
general, the Lwo propertics of wavelets that arc
exploited  for shape  characlerization  arc  the
capability for detecting and representing  {ocal
catures. and the cnergy compaction 1 the
transformed coefficicns that anake the descriplien
process more ¢flect and accurale |11

According to [22{, the R-componen! of the
CORLONT Points is most important, winle the influence

of D component could be ncylected. Therclore, a
cantour is represented by a single onc-dimensionaf

wavetct transform YR . Becausc, the most irportant
wavelel cocfficients arc the ones describing the
lowest frequencics, ontly the first 14 coefTicients are
used as wivelet-based conlour deseriplor,

2.6 Global Deseviptor of Monend

The distribution of dilfcrent regions is a global
fcaturc used to characterize (he image content. Thus,
onc way la apply this global feature is sioring
information for cach region scparatelv. such as its
positions and sizes. In this work. the featurcs ta be
considered as global descriptor are: Dispersion (sce
Eq.10) nnd Modification ratio (scc Eq.L1)[23].
Assuine flut the resule of segmenting image f is the
image S, and that the pair (x, 1) represenis a spalial
location. The mass of the comour labeled with (he
class ¢ after the scgmeniation is given by;

Me = zhc (x.7)
s

where

b Sy ec
0 o N, ¢c

the ccnler of mass (controidy of the contour Iabeled

as ¢ is given by;
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Z xfi(x, y) ‘Z ph(xoy)

K Xy Xy
Xp = =———— Ly =
.

-y

m

The dispersion feature is a sumnation of distances.
Therelore, for cach contour /. the cenlroid is
computed and then their distances to the global class
canler (x_y, ) arc sumimed as follows:

d;, = Z-\((AL = ,\-']2 +(¥, ‘.V.')z (10

The modification ratio is delined by the ratio of
inscribed diagonal 4, hat has the same sccond-

moments as the region, to maximum diagonald,,.

This valuc describes whether a conlour is thin (oval
like) or circular. The paramefers inscribed and
maximum diagonal, represent (he dimcnsions of
surrounding rectangle, as depicted in Figure 4.

Modification rofio - d, (1)

dm

Fig. 4: Conlour with associntcd dingonals

3 Image Mathemalical Modeling

An image is mathematically modeled according
to a so-called object model () to describe the content
of image regions [24]. Every image region is
specified by an image object O, of type O wilh
n=1,...., N. The image is modeled as:

M=(d, O,),

where o is the dispersion, and O is defined by the

following 2-tuple:
Q=¥ G (12)

where I presents (he wavelet (eature values, and G
presents the moment feature valucs. Following the
definition of image descriptors, which consist of the
wavclet-based feature veclor and the modification
ralio per image region, plus the dispersion for entire
image, cach vector is associated with an index hat
corresponds (o a particular category.

Saad M. Saad, Shawkat K. Guirguis & Ashraf M. Emam

4 Descriptor Accuracy Evaluation

A system is developed for tesling purposcs. In
this systcm, (he contour-bascd shape descriptor
extractor is followed Dby a “Learning Veclor
Quantization”™ ncural network classifier for object
identification bascd on ils contenl. This system
circomvents  (he  low  precision  classification
technique of other systems |5, 6] by examining the
actual objects within an image and using them (o
discover relationships that reveal information uscful
in classifving the catirc image, Figure 5 shows an
overvicw of 1he classificalion systcm.

o
: & Metwork
&°

Image Image Conlour-

‘ealure Classalication
Acyusition Pre.processing Feature '

Fig.5. Archilccture of the Evaluation sysici.

Kohonen lcarning veclor quantization |25]
(LVQ) is a supcrvised algorithni for training. Veclor
Quantization  classificr rapidly counverges 1o a
“good” solution. It gencrates o lable of vectior
lemplates known as i codebook. Each codcbook
veclor is associnted with a  cotegory, During
classification, the Cuclidean distance between the
input vector and all of the codebook vectors arc
computcd. The inpul veetor is assigned (o the class
corresponding to the nearcst codcbook veclor. A
ncural nelwork architccture  implementing  these
operalions is shown in Figurc 6. where R = number
of clements in input vector . S' = number of
competitive neurons and S§° = number of fincar
ncurons. For mare defails, sce [25].

input Competitive Layer

{ 'l.r"r_ Y g

]“;I.I-

Laner Layer

Ly

it nddist ff

sixsg!

S Ao 8/

a= purelin{ LW Lahy

i

n'=|[fw " p

Fig.6. Neural network architecture for the LVQ
algorithi [25].

For the cvaluation, samples of morphological
medicial images arc sclecied from the faculty of

f_._ Classalicslnm

Syslem
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medicine, university of Alexandria. This images
show microscopic appearance of normal imucosa of
the colon (Transverse section, H&E x400). Sixty
five percent of which are used (0 train the neural
network, while the rest are used to 1esl the Irained
network. Five different network configurations arc
developed. The configuration parameiers are: RMS
is the rool mecan square error that employs to adjust
the weights between nctwork layers in order 10
correctly classify the training images, NC is the
numiber of feature vector coeflicients for cach region
as explained in section 3, and CR is the
classification rale. After training of cach neural
network configuration, il is tested on all the images
using the contour-shape descriptor. Table | shows
the result of the testing the five configurations.

Tablel. Results Trom five neural oetwork
configurations of the LVQ Classifier.

11 0045 31 8375

0,023 11 85.83

0.034 21 85.83

0.031 25

2

3 | 0.023 16 87.8
e .2 I B

5

The second configuration delivers the highest
classification rate, although it uscs a lower nunbers
of feature vectors. Since the classification process is
performed using non-complex contour descriptor,
the classification lime remains almost constant when
the databasc grows.

To justify the resulls obtained from this study.
the LVQ classificr has Leen compared with three
othcr classificrs: K-means classificr, Multiple Layers
Perceptron (MLP), and the Support Veclor Maching
(SVM). Using the same (raining image scts. aud the
same contour veclor is fed to the classiliers. The
results of testing the classifier can be founded in
Figure 7.

Clagalflcation Rate

0 5 H 03 7" L = _f
1 2 3 4 5
HNetwork Configuration

Fig.7. Results from the other three classifiers plus
LVQ) classifier .

The resulls obtained mdicaic that the LVQ
compared favarably with three other classificrs and
outperformed them on average by 15 %,

5 Conclusions

tn this paper, ap inlcgraled contour-based shape
description  approach  that  demonstrates  the
feasibility of using wavelel transform with global
description of wmoments for awmomatic medical
tmages classification is presented. 1t is shown that
descriptor defined {vom contour features exiracied
during the scgmentation is very suitable for objeci-
based description. Image objects are rcpresented
with a small number of the largest magnitude
wavelet coefTicicnis that describe 1he local features
for each couteur and glabal fcatures of momenis
allowing for an efTicicnt coulour represcntation.

The developed descriptor is compact and flexible
abstraction that inherently Tits any classification
strategy. The techiniques of target contour exiraction
from the pathological medical images and the shape
normalization for 2-D shift, scale, and rolation
invariance arc also described.

The advantages of using (he devefoped shape
descriptor arc threcfold.  Firsi, (he  descriptor
represenis well each region's overall calor and
lexture distribution because Lhey are based on {he
fealures generated by the scgrientation algorittun,
Second, the shape descriplor is compact: the
conlour-featurcs  distribulion  of cach region s
summarized by approximately 11 wvalues. Finally,
the descriptor is flexible absiractions Tor which i
cun define a hicrarchicad classification strtcgy. This
strategy is perforncd by varying the number of
wavelel coefficicnts used 1o describe 1he contour.
Experimental evaluation of the developed descriplor
shows its effectivencss.
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