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Abstract 
This paper describes a fuzzy logic-based approach to online assessment of dynamic stability 

of a single-machine infinite-bus system (SMIBS) following small disturbances. An adaptive 
neuro-fuzzy inference system (ANFIS), based on Sugeno first-order fuzzy model, is proposed for 
stability assessment by means of the synchronizing and damping torques coefficients, Ks and Kd, 
of a synchronous machine. A wide range of input patterns, comprising the generator real power P 
and reactive power Q loading conditions are associated with the corresponding output patterns of 
the torque coefficients Ks and Kd. The torques coefficients are calculated numerically, using least-
square error technique, from the time responses of the rotor angle, rotor speed and electromagnetic 
torque. The effectiveness of the proposed ANFIS for estimating Ks and Kd over wide range of 
operating conditions is examined.  Computer simulations show that the proposed ANFIS technique 
is very encouraging for fast online dynamic stability evaluation of power systems.  

Keywords:  Synchronizing and damping torques, Fuzzy logic, Neural network, ANFIS, 
Dynamic stability. 

Introduction 
Dynamic stability (DS) analysis is concerned with the behavior of a power system 

under small perturbations. Its main objective is to estimate the damping of the low-
frequency oscillations (LFO) resulting from poorly damped rotor oscillations [1-3]. 
Online Damping assessment of these oscillations is thus becoming an issue of great 
concern in the operation and control of power systems, given the increasing complexity 
of their dynamics resulting from the interconnection of power system areas and their 
operation near to their limits as a result of deregulation development.  

Eigenvalue analysis (EA) is one of the conventional methods in dealing with DS 
problem [4-6]. The stability is evaluated by calculating the eigenvalues of the system 
matrix in the linearized dynamic operation.  

Another approach is the Prony analysis, a technique that decomposes the signal 
(e.g. rotor speed) into its modal components. The difficulty of this approach is that it 
requires large computing time and computer storage [7-9]. 

                                                           
© 2009 by Yarmouk University, Irbid, Jordan. 
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Alternative approaches have been developed to overcome the problem of DS 
assessment. An example of these approaches, which is suitable for offline as well as 
online applications, is the calculation of the synchronizing and damping torques 
developed by the synchronous machine [10-12]. These torques are usually expressed in 
terms of the torque coefficients Ks and Kd, respectively. These coefficients can be used 
as indices to provide insight into the relative and absolute stability of the synchronous 
machine. In terms of Ks and Kd, both coefficients must be positive for stable operation of 
the machine. The two indices can also predict the possible unstable conditions (Ks < 0 or 
Kd < 0), hence, help the operator to take the appropriate control action before the power 
system losses its stability. 

Several methods have been devised to estimate Ks and Kd of a synchronous machine 
using classical, adaptive and artificial intelligence-based estimation techniques including 
Least Squares (LS), Neural Networks (NNs), Kalman Filtering (KF) and genetic 
algorithms (GA) [13-16]. These methods are based on calculating these coefficients from 
the machine time responses; the change in rotor angle,∆δ(t), the change in rotor speed, 
∆ω(t) and the change in electromagnetic torque, ∆Te(t). These responses can be obtained 
by offline computer simulation or from online measurements.  

In spite of the effectiveness of these techniques, they suffer from some drawbacks 
such as computing time. In general, for online estimation, the application of ANFIS [17-
22] seems to be very promising as demonstrated by many investigators in several areas. 
By combining the structure of fuzzy logic (FL) estimator with the learning aspects from 
NNs, ANFIS can offer a method for estimating system fuzzy parameter by constructing 
fuzzy rules and providing patterns of input-output data pairs. Based on these properties, 
and the several successful applications, ANFIS seems to be good candidate for online 
estimation of power system dynamic stability. Once trained, the proposed ANFIS is 
capable of providing the torque coefficients, Ks and Kd in real time for any generator 
loading conditions.  

In this paper, an ANFIS based approach for dynamic stability assessment of SMIBS 
is presented. The approach is based on estimating the synchronizing and damping torque 
coefficients Ks and Kd using two ANFIS schemes from online measurements of the 
generator real and reactive power loading conditions (P and Q) at the corresponding 
operating terminal voltage Vt.   

Description of the Study System 
The stability of LFOs associated with a single generator or plant can be studied by 

the single-machine infinite-bus system as shown in Fig. 1. The generator is represented 
by a third-order machine model and is equipped with a power system voltage regulator 
(AVR).  
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Figure 1: Single-machine infinite-bus system (SMIBS) 

The dynamical states of the generator are rotor angleδ, rotor speedω, and 
quadrature-axis internal voltage e′q [1]. All of the variables are normalized on a per-unit 
(pu) basis, except for δ  which is in radians [1]: 

( )em TT
Mdt

d
−=

1ω
 --------------------------------------------------------------------- (1) 

)1( −= ωωδ
bdt

d
 ------------------------------------------------------------------------- (2) 

[ ]dddqfd
do

q ixxeE
Tdt

ed
)(1 ′−−′−

′
=

′
 ------------------------------------------------  (3) 

where Tm and Te are the mechanical input and electrical output torques of the 
generator, respectively; M is inertia constant. Efd is the field voltage; T`do is the open 
circuit field time constant; xd and x`d are the d-axis and transient reactance of the 
generator, respectively.  The electric torque Te can be expressed as 

qqddee viviPT +=≅  ------------------------------------------------------------------  (4) 

A static type exciter is considered in this study with the voltage state Efd.  It is 
described as:   

[ ]fdtrefA
A

fd EvVK
Tdt

dE
−−= (1

 ---------------------------------------------------- (5) 

where KA  and TA are the gain and time constant of the excitation system, 
respectively. Vref is the reference voltage. The parameters of the SMIBS are given in 
Appendix A 
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Dynamic Stability Analysis 
For dynamic stability, the power system model is linearized at a particular operating 

point to obtain the linearized system model given in the state-space form [23]: 

uDxCy
uBxAx

∆+∆=∆
∆+∆=∆

•

 ---------------------------------------------------------------------- (6) 

where ∆ denotes the perturbation of the states, input, and outputs from their 
operating values, with: 

∆ [ ]Tfdq Eex ∆′∆∆∆= δω  ---------------------------------------------------- (7) 

[ ]TeTy ∆∆∆=∆ δω  -------------------------------------------------------------- (8) 

The system input ∆u is a mechanical torque impulse. The A, B, C, and D matrices of 
the state-space model of the SMIBS of Fig. 1 are given in Appendix B. The constants K1, 
K2, K3, K4, K5, and K6 are calculated using the well-known Phillips-Heffron linear model 
of a SMIB power system as given in [1].   

When the power system experiences a small disturbance as a result of small 
changes of loads, the system will be driven to an initial state x(to)=xo at time to=0. If the 
input is removed at t=to, the system responds according to the state equations [23]:  

xCy
xAx

∆=∆
∆=∆

•

 -------------------------------------------------------------------------------- (9) 

The dynamic response of the system states can be described as a linear summation 
of various modes of oscillations [23]: 

( )∑
=

=
n

i

t
oii

iexVUtx
1

)( λ  ---------------------------------------------------------------- (10) 

where λi = σi ± jωi are the distinct eigenvalues with a corresponding set of right and 
left eigenvectors Ui and Vi, respectively;  σi is the damping factor and ωi is the damped 
natural frequency [23].  The number of the characteristic modes tieλ  equals to the 
number of states of the linearized power system model. Real eigenvalues indicate modes 
which are aperiodic whereas complex eigenvalues indicate modes which are oscillatory. 
For a complex eigenvalue λi = σi ± jωi, the amplitude of the mode varies with as tieσ  
and frequency of the oscillation, f=ω/2π.  For a single output, the system response y(t) 
can be computed as: 

∑
=

+=
n

i
ii

t
i tfeAty i

1

)2cos()( φπσ  ---------------------------------------------------  (11) 
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where Ai, σi, fi, and φi are the ith mode amplitude, damping factor, frequency, and 
phase angle, respectively, and n is the number of modes. These modes of oscillations are 
distinct. The dominant modes are the low-frequency electromechanical modes associated 
with rotor dynamics.  The damping associated with these modes influence the dynamic 
stability of the power system. 

Concept of Synchronizing and Damping Torques 
The oscillation of the electromagnetic torque and, consequently, the rotor 

oscillations are dominated by the low-frequency electromechanical modes, λ = σ ± jω. 
Various methods have been proposed to break the electromagnetic torque variations into 
two components; the synchronizing torque component is in phase and proportional with 
∆δ(t), and the damping torque is in phase and proportional with ∆ω(t) [10]. Accordingly, 
the estimated torque can be written as: 

)()()(~ tKtKtT dse ωδ ∆+∆=∆  ------------------------------------------------------- (12) 

where the synchronizing torque component Ks∆δ(t) is responsible for restoring the 
machine in synchronism, while the damping torque component Kd∆ω(t) is responsible 
for damping out the oscillations. It can be shown that λ = σ ± jω can be related to the 
synchronizing and damping torque coefficients Ks and Kd  [13]: 

2

22
⎟
⎠
⎞

⎜
⎝
⎛−±−=

M
K

M
Kj

M
Ks dsd  --------------------------------------------------- (13) 

where the damping factor is related to the damping torque coefficient Kd, while the 
damped natural frequency is related to synchronizing torque coefficient Ks. Accordingly, 
the dynamic behavior of the synchronous machine is highly dependent on the 
corresponding values of  torque coefficients Ks and Kd, as depicted in Fig. 2. 

Ks > 0, Kd > 0  
 

Ks > 0, Kd < 0 
 

Ks > 0, Kd = 0 

 
Ks = 0, Kd > 0 

 

Ks ≤ 0, Kd ≤ 0 

 

Ks < 0, Kd ≥ 0 

Figure 2: Dynamic behavior corresponding to the values of Ks and Kd. 

Calculation of Ks and Kd Using LS Technique 
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The method of calculating the torque coefficients Ks and Kd, using least square 
technique [15] is summarized here for the reader convenience. Following a small 
disturbance, the time responses of ∆δt, ∆ωt), and ∆Te(t), as shown in Fig. 3, which can 
be obtained from either off-line simulation or on-line measurements. The torque 
coefficients Ks and Kd are calculated to minimize the sum of the error squared over the 
entire interval of oscillation t: 

)(~)()( tTtTtE ee ∆−∆=   ---------------------------------------------------------------- (14) 

In matrix notation, the above problem can be described by over determined system 
of linear equations as follows: 

)(=
)(+)(~)(

t
ttt ee

E+Ax
ETT ∆=∆

 --------------------------------------------------------------- (15) 

where [ ])()( tt ωδ ∆∆=A , and x= [Ks  Kd]T.  The estimated vector x is such 
that the function J(x) is minimized, where:  

[ ] [ ]AxTAxT −∆⋅−∆= eexJ T)(  ---------------------------------------------------- (16) 

In this case the estimated vector x will be given by: 

[ ] eTAAAx ∆⋅⋅⋅=
− T1T  ---------------------------------------------------------- (17) 

x = A†·∆Te ------------------------------------------------------------------------------  (18) 

where A† is the left pseudoinverse matrix. Solving (18) gives the values of Ks and 
Kd for the corresponding operating point.  

The accuracy of the LS technique in calculating the synchronizing and damping 
torques is depicted in Fig. 3-d, which displays the exact electromagnetic torque obtained 
by solving (6) and the estimated torque obtained by solving (12). It is evident that the 
estimated torque fits perfectly the exact one. 
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Figure. 3-d: Exact and estimated torque response. 

An offline study using the LS technique is used to generate two subsets of input-
output training, validation and testing patterns for the proposed ANFIS schemes. The 
torque coefficients Ks and Kd are calculated, over a wide range of P-Q operating 
conditions, from the time responses of ∆δt, ∆ωt), and ∆Te(t). The time responses 
obtained following a small pulse disturbance in the mechanical torque ∆Tm of 0.1 pu for 
20 ms. The input patterns for each ANFIS consist of data pairs of P-Q loading 
conditions of the synchronous machine, while the output patterns represent the 
corresponding torque coefficients Ks and Kd. The validation subset is used to stop the 
training early if further training would hurt generalization in the validation subset. The 
training and testing performance evaluated in terms of the mean square error (MSE), the 
average squared errors between the ANFIS actual outputs and the target outputs. 

Adaptive Neuro-Fuzzy Inference System 
ANFIS has proven to be an excellent function approximation tool. MATLAB 

ANFIS algorithm provides a method for the fuzzy modeling procedure to learn 
information about a data set in order to compute the membership function parameters 
that best allow the associated fuzzy inference system to track the given input-output data 
[22]. This learning method works similarly to that of neural networks. ANFIS 
implements a first-order Sugeno fuzzy system put in the framework of adaptive systems 
to facilitate learning and adaptation. Figure 4 shows the basic ANFIS structure of two-
fuzzy rules: 

Rule 1: if (X1 is A1) and (X2 is B1), then (f1=p1X1+q1X2+r1)  

Rule 2: if (X1 is A2) and (X2 is B2), then (f2=p2X1+q2X2+r2) 
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Figure. 4: ANFIS structure. 

Commonly, the ANFIS has five layers; layer 1 consists of i number of adaptive 
nodes with membership functions (MF) described by generalized bell function:   

K,2,1

1

1)(
2

=

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ −
+

= i

a
cx

x
ib

i

i

iµ  ---------------------------------------- (19) 

where ai, bi and ci are adaptable parameters [21]. These parameters are called 

premise parameters. The output of the ith node is )(,1 xO ii µ= . In layer 2, the nodes are 
fixed (not adaptive). This layer implements the fuzzy AND operator. The outputs of 
these nodes are given by: 

K,2,1)()(,2 == ixxO BiAii µµ
  ----------------------------------------- (20) 

The output of each node in this layer represents the firing strength of the rule. Layer 
3 acts to scale the firing strengths. The nodes in this layer are fixed output of each node 
is given by: 

K,2,1
21

,3 =
+

== i
ww

wwO i
ii

 -------------------------------------------    (21) 

The output of layer 4, which has adaptive nodes, is comprised of a linear 
combination of the inputs multiplied by the normalized firing strength: 

( ) K,2,121,4 =++== irxqxpwfwO iiiiiii  -------------------------- (22) 

where pi, qi and ri are adaptable design parameters called consequent parameters. 
Layer 5 has only one node with simple summation function of the outputs of layer 4: 
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K,2,1,5 ===
∑
∑

∑ i
w

fw
fwO

i
i

i
ii

i
iii

 --------------------------------------- (23)  

Using the training data, the premise and consequent parameters and are trained 
using the gradient descent and the least square estimation method. The adjustment of 
modifiable parameters is a two-step process. First, information is propagated forward in 
the network until layer 4, where the consequent parameters are tuned by LSE method to 
obtain the optimum values of the consequence parameters: 

AΦ=Y ------------------------------------------------------------------------------------- (24) 

where Φ contains the unknown consequent parameters. The solution for Φ is the 
pseudoinverse of the matrix A: 

Φ=A†Y= (AT A)-1 ATY  ----------------------------------------------------------------- (25) 

For the backward path, the premise parameters in layer 2 are modified using 
gradient descent technique [21]. The only user specified training information is the 
number of membership functions in the universe of discourse, number of rules for each 
input and number of training epochs. 

Simulation Results 

Two ANFIS schemes are used to estimate the torque coefficients Ks and Kd of a 
SMIBS, as shown in Fig. 5. The input layer for each ANFIS has two inputs for the 
generator real power P and reactive power Q. The outputs for both ANFIS schemes are 
the estimated torque coefficients Ks and Kd.  
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Ks

  

 

 

Kd

 
Figure. 5: Proposed ANFIS schemes for estimating Ks and Kd. 

The training procedure is achieved based on batch learning using input-output 
training data set. To train the ANFIS schemes, a training set of 300 input-output patterns 
representing a wide range of loading conditions, that is Vt: from 0.95 to 1.05 pu, Pe: from 
0.1 to 1.1 pu and Qe: from -0.45 to 0.55 pu with 0.05 pu step are generated as shown in 
Fig. 6. Each pattern contains P, Q, Ks and Kd. Another validation subset containing 300 
input-output patterns different from the training subset was used to enhance the training 
process. Several simulations were conducted using different shapes and numbers of 
membership functions and fuzzy rules. Ten membership functions, ten rules and bell-
shape membership function is found to be a good compromise between accuracy and 
training speed for this problem. 
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Figure. 6-a: Ks training patterns. 

  
Figure. 6-b: Kd training patterns. 

Figures 7-a and 7-b show the target values of Ks and Kd calculated by LS technique 
and their counterparts obtained by the proposed ANFIS schemes during the training 
phase. The figures show that the ANFIS schemes are successful in estimating the two 
stability indices. An exact fit between the target and estimated values are obtained. The 
mean square error (MSE) between the outputs of Ks is about 0.00617, while the MSE 
between the outputs of Kd is about 2.767 x10-6.  

 
Figure. 7-a: Target and ANFIS estimated values of Ks . 
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Figure. 7-b: Target and ANFIS estimated values of Kd . 

The values of Ks and Kd over the wide range of the training operating conditions as 
estimated by both ANFIS schemes are best fit in the surfaces shown in Fig. 8. These 
surfaces can be used to evaluate the generalization capability of the proposed ANFIS 
schemes by interpolating the values of Ks and Kd for any values of P-Q loading 
conditions not seen before. 

 
Figure. 8-a: Surface of estimated values of Ks . 

  
Figure 8-b: Surface of estimated values of Kd 
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Conclusions 

In this paper, two efficient ANFIS schemes for estimating the synchronizing and 
damping torque coefficients have been developed, using fuzzy logic based approach, to 
evaluate the dynamic stability of a single-machine infinite bus system. The input signals 
to each ANFIS are online measurements of the generator P and Q loading conditions. 
Each proposed ANFIS scheme consists of 10 bell-shape membership function with 10 
fuzzy rules for each input. The corresponding outputs of the ANFIS schemes are the 
torque coefficients Ks and Kd. These two coefficients are used as dynamic stability 
indices since their values reflect the relative as well as absolute stability of the 
synchronous machine. The two indices can also predict the possible unstable conditions 
and hence help the power system operator to take the correct control action beforehand. 
The main advantages of using ANFIS compared with the classical least square technique 
are the significant reduction in computing time and storage needed for the estimation of 
Ks and Kd. This will result in reducing the computational complexity associated with this 
problem and hence allows for online implementation needed for continuous monitoring 
of dynamic stability indices. 

  باستخدام المنطق المشوش و الإخمادعزمي التزامن تقدير معاملي 

  

  حمـادو عامـر  أبو الفيـلاتإيـاد 

  

 ملخص

بإستخدام المنطق المشوش وذلك لتقييم  عزمي التزامن والإخمادالبحث إلى تقدير معاملي  يهدف

ة عزمي التزامن والإخماد بدلالة القيم العمليتم حساب معاملي . الإتزان الديناميكي لنظام القوى الكهربائي

تم أيضاً تدريب محرك المنطق المشوش  كما. للقدرة الفعالة والمراكسة والجهد لنظام القوى الكهربائي

بإستخدام أسلوب مربع الخطأ  عزمي التزامن والإخماد المحسوبينالتكيفي العصبي بالمقارنة مع معاملي 

مح بإستخدامه في التطبيقات جداَ، مما يس دقيقةبعد المقارنة، تبين أن نتائج المنطق المشوش . الأصغر

  .العملية لتقييم إستقرارية أنظمة القوى الكهربائية في حالة الإضطراب الديناميكي
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Appendix A 

Table A-1: SMIBS Parameters 

Machine Parameters (pu) xd = 0.973,  xq = 0.55, x′d = 0.19, M = 9.26, T′do 
= 7.76, D = 0  

Thevenin’s Equivalent (pu) Re = -0.034, Xe = 0.997, G = 0.249, B = 0.262 

AVR Parameters KA = 50, TA = 0.05 

Nominal Operating Point (pu) Peo = 1.0, Qeo = 0.015, vto = 1.05 

Appendix B 

A, B, C, D state space parameters of the SMIBS. 
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Abstract 
The present paper investigates the implementation of simulated annealing algorithm (SAA) 

to extract the five illuminated solar cell parameters (series resistance, the ideality factor, the photo 
current, the shunt conductance and the diode saturation current). The results of SAA are compared 
with the corresponding simulations obtained by other techniques. Comparison with previously 
published practical test results is also made. The present investigation shows that SAA is an 
accurate technique in fitting experimental I-V data to solar cell model, and as a consequence the 
unknown solar cell parameters are accurately determined. Moreover, SAA is easy to utilize, since 
auxiliary equations or/and graph generation are not needed.  

Keywords:  simulated annealing, parameter extraction, solar cell, photovoltaic 
 

Nomenclature 
V                   voltage (V)                                           Iph    photocurrent (A) 
I                    current (A)                                         Is      diode saturation current (A) 
β = q/kT      inverse thermal voltage (V-1)                    Rs     series resistance 
k     Boltzman's constant (1.38066E-23J/K)       Gsh   shunt conductance (S) 
q     electron charge (1.60218E-19 Coulomb)    Rsh    shunt resistance (Ω) 
T     temperature (K)                                   n      diode ideality factor 

Introduction 
Accurate determination of the solar cell parameters is essential to acquire improved 

design and consequently high quality fabricated device. Moreover, estimated model 
parameters with reduced errors are of great importance to obtain precise assessment for 
the device performance [1-5]. For example, the maximum power point tracking is highly 
affected by the series resistance value. The estimated solar cell parameters that are 
usually presented in the publications are the series resistance, the ideality factor, the 
photo current, the shunt conductance and the diode saturation current [1-3]. 

 In the literature, several techniques have been proposed to determine the solar cell 
parameters  [1-8]. Usually, calculus-based techniques use the I-V curve features to 
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introduce auxiliary mathematical equations. The derived equation, together with the I-V 
experimental data, is utilized to obtain the required unknown parameters of a solar cell. 
The accuracy of these methods is affected by the needed mathematical derivations, 
mathematical approximations involved and consequently the simplified final forms of 
the auxiliary functions used. Furthermore, the tendency of some optimized functions to 
get trapped in local optima might results in low accurate determination for solar cell 
parameters. 

Recently, genetic algorithm, GA, has been implemented to extract solar cell 
parameters [4-5]. The authors of [4] use I-V characteristic, which is obtained by 
simulating a solar cell two-diode model, as input for GA routine to determine the needed 
parameters. The results show that the accuracy of the extracted parameters is 
deteriorated as the search range increase. Sellai and Ouennoughi [5] have applied GA to 
determine a solar cell and schottky diode parameters. They compare their approach with 
least square method (LSM) and they found that the agreement between their results and 
the corresponding LSM results is satisfactory. 

The authors of this paper have proposed a novel approach based on Simulated 
Annealing Algorithm to extract the solar cell parameters. To confirm the validity and 
accuracy of the method, the results obtained for both commercial silicon solar cell and 
commercial solar module are compared with those published previously for the same 
devices [1, 2, 5, 8]. The objective function used is based on the root mean square error 
between experimental I-V data and the theoretical solar cell model.  

 Solar Cell Model 
The current – voltage (I – V) relationship of an illuminated solar cell could be 

represented using a single diode model [2], which is the most popular solar cell's model. 
Figure 1 shows the circuit configuration of a single diode model. The mathematical I-V 
relationship could be expressed by the following equation: 

 
I)R(VG-1] -)IR(V

n
β[exp(I-I

IIII

sshssph

pdph

++=

−−=

    
 ------------------------------------- (1) 

where Id is the diode current and Ip is the shunt current flows in the parallel 
resistance Rsh . The other symbols are defined in nomenclature. 

 
Figure 1: solar cell model 

Ip
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Equation 1 is a non-linear equation, which cannot be solved analytically. Several 
numerical and graphical approaches have been used to solve this equation. In the present 
work, a new approach based on SAA is applied to acquire the solution. The 
implementation of the proposed method is described in the following section. 

Simulated Annealing Algorithm 
Simulated Annealing Algorithm is a statistical optimization technique based on a 

wide random search to achieve global optimum solution with high probability even for 
ill-conditioned functions [9-11]. The idea of SAA is based on mimic the process of 
annealing a material and then slowly reducing its temperature until a state of thermal 
equilibrium, which is characterized by minimum energy, is reached.  

In the present work, SAA is implemented to find the optimum values of solar cell 
parameters based on the measured I-V data. To achieve this goal, the solar cell model 
(equation 1) is formulated in the following form: 

0-)R(G- 1]-)R(
n
β([expI-I),( sshssph =++= IIVIVIVf  --------------- (2) 

Our problem could be formulated as an optimization problem in the least-square 
sense:  

x    
m
1   minimize over

m

1j

2
j∑

=

f  ---------------------------------------- (3) 

Subjected to the following constraints: 

1,2,3,...mj ),,,( jjjj == xIVff  ---------------------------------------------------- (4) 

Where x represents the variables to be extracted, m is the number of data points and 
fj is the I-V characteristic (2) at each point. The application of SAA could be represented 
in the following procedure: 

Step1: start with initial values for the variables, which are represented by a vector x1, 
and "high" initial temperature value T0. 

Step 2: Evaluate the objective function f1 = f(x1) 

Step 3: Perform random moves for the values of the parameters, each along one 
coordinate direction, and apply the following computations:  

iii ∆ xxx +=+
, )( ii

+= xff , ifff −= +
i∆  

Step 4: Accept or reject a candidate design vector x using Metropolis criterion: 

If 0f ≤∆ , accept the new point and set xi+1 = x . Otherwise, accept the new point 
with a probability:  



Anagreh and Al-Widyan 

  
20

/kT∆e( ff) −=∆P   -------------------------------------------------------------  (5) 

Step 5: Test if the maximum number of cycles of random moves is reached, adjust step 
size and stop cycle moves; otherwise, go back to step 3. 

Step 6: check if the maximum number of step adjustment (nmax) is attained, stop step 
size adjustment, decrease the temperature, and record the current point as optimum (xopt). 
If the number of step adjustment < nmax, go back to step 3. 

Step 7: Test if the desired convergence is achieved, record the final results of x as 
optimum solar cell parameters. Otherwise go to step 3. 

Results and Discussion  
The measured I-V data of RTC France commercial silicon solar cell and Photo-

PWP 201 commercial solar module [2] are considered in this paper. The extracted cell 
parameters using the proposed approach are tabulated in table 1. The corresponding 
previously published results [2, 5] are included in the table. Table 2 shows the estimated 
solar module parameters using the present method and the methods of Chegaar and 
Easwarakhanthan [1,8]. It can be noticed that the obtained results are in close agreement 
with those published previously. A comparison between the measured data and the fitted 
curves, which are derived from the solar cell model [1] with the extracted parameters 
using the proposed method, can be seen in figures 2 and 3. The agreement between the 
calculated I-V characteristic, based on SAA, and the experimental I-V data is remarkable 
for both devices. 

Table 1:Extracted parameters of RTC France commercial silicon solar cell 
 

Parameter SAA method LSM, Ref. [1] GA method, Ref. [5] 
Rs (Ω) 0.0343 0.0376 0.0454 
Gsh (Ω) 0.0099 0.0094 0.0297 
n 1.4889 1.4841 1.5 
Is (µA) 0.3374 0.3374 0.325 
Iph (A) 0.7788 0.7603 0.762 

 

Table 2 Extracted parameters of photo-PWP 201 commercial solar module 
 

Parameter SAA method Ref. [2] Ref. [8] 
Rs (Ω) 1.0669 1.146 1.2057 
Gsh (Ω) 0.00177 0.005 0.00182 
n 48.4608 51.32 48.5 
Is (µA) 3.2876 6.77 3.2876 
Iph (A) 1.0331 1.0359 1.0318 
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Figure 2: Experimental ( ▀ ) and fitted curve (─ ) for the commercial  solar cell 
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Figure 3: Experimental ( ▀ ) and fitted curve (─) for the commercial solar module 
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To confirm the accuracy and validity of the proposed method, the error between the 
measured and estimated current values of each data point is computed using the 
following equation: 

em II −=ε  -------------------------------------------------------------------- (6) 

where Im denotes the measured data point of the current and Ie is the estimated data 
point. This equation is also applied for previously published I-V characteristics of the 
same cell [2, 5]. The results of the three methods are presented in Fig. 4. Similar results 
for the solar module are shown in Fig. 5. It can be observed that the present method 
provides high accurate results, where least errors are achieved for most data points.  

The authors of this paper have applied some statistical analysis for the estimated I-
V characteristic of the two devices. The same analysis is also applied for the 
corresponding I-V curves derived by other authors [1, 2, 5, 8]. The obtained results of 
this investigation are presented in tables 3 and 4. It can be noticed that the proposed 
method acquire the highest rank; minimum error, regression slope very close to 1 and 
very high correlation. 
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Figure 4: Error in the estimated current values for the commercial solar cell 
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Figure 5: Error in the estimated current values for the commercial solar module  

 

Table 3: Statistical analysis for the estimated I-V data of the commercial solar cell 
[ 

                  Method 

         Test 
SAA GA, Ref. [5] LSM, Ref. [2] 

Regression slope 1.009545 1.051342 1.061754 

Max. Error 0.0136 0.0662 0.0624 

Average error 0.003088 0.029696 0.030977 

Standard error 0.001935 0.009654 0.005845 

Correlation coefficient 0.999982 0.999551 0.999836 

F-Test 0.962421 0.802574 0.766196 
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Table 4: Statistical analysis for the estimated I-V data of the commercial solar module 
 

                   Method 
Test SAA Ref. [8] Ref. [1] 

Regression slope 0.9962908 1.018385335 1.031490744 

Max. Error 0.0219 0.0454 0.1046 

average error 0.0055462 0.014388462 0.051680769 

standard error 0.004286 0.010135697 0.029534148 

correlation coefficient 0.999956 0.999764528 0.998056165 

F-Test 0.9854971 0.927215345 0.870439278 

Based on the results presented in this section, it can be concluded that our approach 
is high accurate in fitting experimental I-V data to solar cell model and the consequence 
estimation of the unknown solar cell parameters. Moreover, the method is easy to utilize 
as mathematical derivations, auxiliary equations and graph generation are not required. 

Conclusions 
The present contribution examines the implementation of Simulating Annealing 

Algorithm to extract five illuminated solar cell parameters: series resistance, the ideality 
factor, the photo current, the shunt conductance and the diode saturation current. The 
results of the fitted curve obtained show a complete agreement with the data of the 
experimental curve. The comparison with previously published results confirms the 
validity and accuracy of using the proposed approach to determine solar cell parameters. 
Moreover, the present method is easy to utilize since mathematical derivations or/and 
graphical manipulations are not required. 

خليه شمسيه معرضه ) بارومترات(توظيف خورازميه التلدين المقلد لاستخراج عناصر 
  للضوء

 ياسر عناقرة و خالد الوديان

  

 ملخص

  

خليه ) بارومترات(امكانيه توظيف خورازميه التلدين المقلد لاستخراج عناصر تبحث هذه الورقه في 

التوالي، عامل المثالية، التيار الضوئي، مقاومه : شمسيه معرضه للضوء، حيث تشتمل هذه العناصر على

مثيلاتها التي مع   خورازميه التلدين المقلدتمت مقارنه نتائج . تحويله التوازي و تيار الإشباع للدايود

. ، كما واحتوى البحث على مقارنه للنتائج المحصله مع النتائج العمليه حصلت باستخدام تقنيات أخرى
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رقة تبين ان خورازميه التلدين المقلد لهي تقنيه دقيقه في مطابقة النتائج النتائج المعروضة في هذه الو

العملية لعلاقة التيار ضد الجهد مع النموذج الرياضي للخلية الشمسية، و تبعا لذلك دقه في استخراج 

اضافه لذلك فان خورازميه التلدين المقلد سهله التوظيف كونها لا . عناصر الخلية الشمسية المجهولة

  .حتاج إلى معادلات رياضيه مساعده أو خلق رسم بيانيت
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Abstract 
The number, orientation, and the type of glazing can significantly affect the amount of 

energy required to heat or cool a building. Effect of glazing type on solar heat gain through 
windows for the city of Amman-Jordan is studied. Solar energy gain is calculated using the 
monthly average data. The effect of window orientation on the total gain is analyzed. It is found 
that for all directions, solar gain is season-dependent, and this dependency varies from one 
direction to another. Also, the effect of the number of glazing layers together with the glazing type 
on solar energy gain through windows is given. It is found that, south-facing windows should have 
high solar heat gain coefficient (SHGC) to allow solar gain in winter. East or west facing windows 
should have lower SHGC. Consequently, considerable cooling and heating demand can be reduced 
when clear glass is replaced by bronze or low-e glass. 

Keywords:  Cooling; Heating; Solar energy gain; Jordan; Energy Efficient Windows. 

Nomenclature  
β      solar altitude 
A     apparent solar constant 
B     atmospheric extinction coefficient 
C     sky diffuse factor 
ED     direct irradiance 
EDN   direct normal irradiance 
Eds   diffuse sky irradiance 
Edg  diffuse ground reflected 
Ed   diffuse irradiance 
H    hour angle 
L    latitude 
Y    ratio of vertical/horizontal sky diffuse 
δ    declination 
ф    solar azimuth 
ψ    surface azimuth 
γ     surface-solar azimuth 
Σ    surface tilt 
θ    incident angle 
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ρg   ground reflectance 
αD  absorptance of DSA glass 
τD  transmittance of DSA glass 

Introduction: 

Energy is used to provide a variety of services in buildings. Human comfort can be 
increased and energy demand can be decreased through good building design and proper 
component selection. Windows can be one of the single largest sources of unwanted heat 
gain and loss in the thermal envelope. There exist many studies on the impact of 
windows on heating and cooling demand. Most of them are just calculations for a single 
building. One attempt to make more systematic analysis was made by Johnson et al. [1]. 
Sullivan et al. [2] stressed the importance of window solar heat gain for cooling demand. 
Many researchers have studied the energy demand for cooling and heating in residential 
buildings in Jordan. Koda and Al-Shaarawi [3] have assumed that the amount of solar 
radiation is a constant value through south- facing windows throughout the whole 
heating period. Hamdan et al. [4] and Audi [5] studied the applicability of active liquid 
and air solar systems, respectively, to space heating in Jordan, without taking solar 
energy gain through windows into consideration. Rousan and Shariah [6] have studied 
the solar and thermal energy gain through windows of ordinary glass for three different 
sites in Jordan. Their results are given in the form of tables. Shariah et al. [7] calculated 
the cooling and heating loads in residential buildings for three cities in Jordan.  

Until recently, clear glass was the primary glazing material used in windows. 
Although glass is durable and allows a high percentage of sunlight to enter buildings, it 
has very little resistance to heat flow. Research and development into types of glazing 
have created a new generation of materials that offer improved window efficiency and 
performances. 

Today, several types of advanced glazing systems are available to help control heat 
loss and gain. The advanced glazing include double – and triple – pane windows with 
such coatings as low – emissivity (low – e), spectrally selective, heat – absorbing (tinted) 
or reflective, gas – filled windows, and windows  combinations of these options. A good 
choice of glazing type is essential depends on the climate zone , the exposure or 
orientation of the building, the occupancy and its activity.The aim of the present work is 
to present the effects of window glazing types on solar heat gain to buildings in Jordan 
(represented by Amman), which represents mild to hot climate.  

Mathematical Model 
Solar heat gain coefficient (SHGC) is the fraction of solar heat that enters the 

window and 

becomes heat. The following equations [8],where all angles are in degrees ,are: 

Solar heat gain coefficient = Energy transmitted + (Energy absorbed)  (1) 

Where energy transmitted is equal  
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Values of A, B, and C are given in Ref. [8] for the 21st day of each month. The solar 
heat gain coefficient is a characteristic of each type of window and varies with the 
incident angle θ. The absorption or transmission of direct solar radiation incident at an 
angle θ is: 

            
θαα j
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The incident angle θ is defined as: 

              ∑+∑= cossinsincoscoscos βγβθ                                          (11) 

and the solar altitude angle β is: 

              δδβ sinsincoscoscossin LHL +=                                          (12) 

and the solar azimuth angle ф is: 

       L
L
coscos

sinsinsincos
β

ββφ −
=

                                                                      (13) 

where the surface – solar azimuth angle γ is : 

          γ = Ф – ψ                                                                                                      (14) 

The above equations were used to calculate the solar heat gain coefficient and then 
the total 

Energy transmitted through the window for a wide variety of glazing. Glazing can 
be single, double or triple pane. It can be clear, tinted, reflective or spectrally selective 
coatings such as low emissive (low – e) coatings. Calculations are made for two-window 
orientations south, and east or west. Table 1 shows the SHGC values for the different 
types of windows.  

Table 1: SGHC values for the different types of window 

Window and Glazing Types SHGC 

Single - glazed, clear 0.79 

Double – glazed, clear 0.65 

Triple – glazed, clear 0.52 

Single – glazed, bronze 0.69 

Double – glazed, bronze 0.55 

Double – glazed, spectrally selective 

(0.08) 

0.44 

Double – glazed, spectrally selective 

(0.04) 

0.31 

Location And Climatic Data 
Windows investigated in this analysis are located in Amman (320. N, 36o E, altitude 

766 m). The city of Amman represents a climate between moderate and hot with a 
Mediterranean sub- zone and mountainous sub-climate. The ground reflectance ρg is 
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taken to be a fixed value and equal to 0.2. The clearness index KT values used in this 
study are shown in Table 2, [9]. 

Table 2: KT values for Amman 
Month 1 2 3 4 5 6 7 8 9 10 11 12 

KT 0.56 0.6 0.59 0.63 0.68 0.74 0.76 0.75 0.74 0.71 0.65 0.56 

Result And Discussion 
A shareware Javascript program was employed to calculate the solar heat gain 

through windows for different types of glazing and for two orientations, namely south 
facing window and east or west facing window. The area of the window is taken to be 
one meter square. The results of the calculation are shown in Figures (1 – 8). Figure 1 
shows monthly average daily solar heat gain values for single double and triple ordinary 
clear glass for south facing window.  One can notice that increasing the number of 
glazing layers for this type of glass; will reduce the amount of solar heat gain transmitted 
through the glass. This is due to the fact that increasing the number of glazing layers will 
increase the amount of solar radiation reflected by the glass. The relative reduction in 
solar heat gain is about 18% when single glazing is replaced by double glazing and about 
20% when double glazing is replaced by triple, but this reduction is about 34% when 
single glazing is replaced by triple one. Also it is clear that the maximum solar heat gain 
is in winter and the minimum is in summer period. This is due to the fact that the 
incident angle (angle between the solar radiation and the normal to window surface) of 
the direct solar radiation beam fall on south facing window at solar noon is about 40 
degrees, whereas in summer this angle is about 80 degrees in winter. At such incident 
angles (in summer) the glass reflectance is very high, so adding more glass covers will 
result in higher reflection or lower gain to the building. The dependence of the 
transmittance of solar radiation on the incident angle for multiple glass covers is given in 
Ref. [9]. 
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Figure 1: Effect of number of glazing layers on solar gain for clear glass. 

The monthly solar heat gain for single-glazed and double-glazed bronze windows 
oriented due south is shown in Figure  2. As one expects, the number of glazing layers, 
affects the amount of solar heat gain similar to that for clear glass [7].  It is noticed from 
this figure that, the solar gain is reduced by 35 percent when single glazing is replaced 
by double-glazing. Figure 3 compares the solar heat gain for single clear and single 
bronzed glazing. It is noted that SHG is reduced by 2.6 times, when clear glazing is 
replaced by bronze glazing. The Plot for the monthly SHG for four types of south-facing 
windows, double clear glass, double bronze glass, double low-emittance (Low-e) glass 
(0.08), and double spectrally sensitive glass (0.04) is shown in Figure  4. Although the 
trend is the same for all the four double-glazing glass, they are different quantitatively to 
the different type of glass used. As one expects, the amount of the solar heat gain for the 
four types is higher in winter and lesser in summer. Therefore if one want to heat a 
building in Amman passively then there is no advantage of using glass other than 
ordinary glass for south facing windows , because the weather in Amman in winter is 
cold and heating is required to meet the heating load. 
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Figure 2: Effect of number of glazing layers on solar gain for bronze glass. 
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Figure 3: Effect of glazing type on solar heat gain for two different types of glasses. 
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Figure 4: Effect of glazing type on solar heat gain for different type of glasses. 

Figures. 5-8, show the SHG for west and east oriented windows. The glazing type 
here is the same as in Figures. 1-4. It is seen from the Figures that the maximum solar 
heat gain for East or West – facing windows occurs in summer, and the minimum occurs 
in winter. The minimum and maximum values are due to the variation in exposing time 
to solar radiation and in the variation in the angle of incidence of beam radiation, since it 
is the largest in summer and the smallest in winter.  
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Figure 5: Effect of number of glazing type on solar gain for clear glass case {West or East}. 
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Figure 6: Effect of number of glazing Layers on heat gain for East or West window. 
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Figure 7: Effect of glazing type on solar heat gain.  
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Figure 8: Effect of glazing type on solar heat gain for different type on glasses.  

Conclusion 
The effect of glazing types and orientation on solar heat gain through windows in 

Amman-Jordan is calculated. The study made use of the available weather data to give 
complete picture of solar gain. The main feature of solar heat gain is that it is lower in 
summer than at other times of the year for south-facing windows, while it is the opposite 
for other orientations. From the foregoing discussion, it is evident that the solar heat gain 
(SHG) through windows is measured by the solar heat gain coefficient (SHGC) Table1. 
Also, the orientation of a window affects the levels of solar heat gain. In general, south 
facing windows should have a high SHGC to allow in beneficial solar heat gain in 
winter. East or west facing windows in buildings in hot climates should have lower 
SHGC assemblies. Consequently, considerable energy savings can be obtained throuh 
proper selecting the type of glazing.  
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دراسة نظرية لتاثير انواع الزجاج على اكتساب الطاقة الشمسية من خلال الشبابيك 
  في عمان

  

  عةشريعدنان  دعجة وضيف الله 

 

  ملخص

ان عدد طبقات زجاج الشبابيك ونوعه واتجاهه قد يؤثر وبشكل كبير على كمية الطاقة اللازمة لتدفئة 

في الشبابيك على معامل اكتساب الطاقة الشمسية   لقد تم دراسة تاثير نوع الزجاج. او تكييف المباني

وتم حساب مقدار الطاقة الشمسية المكتسبة باستخدام معطيات المعدلات . الاردن-منها لمدينة عمان

لقد وجد ان الطاقة المكتسبة . الشمسي وتم تحليل تاثير اتجاه الشبابيك على تلك الطاقة الشهرية للاشعاع

كذلك تم عرض نتائج . من العام وان حجم الاعتماد يختلف من اتجاه لاخر) الوقت(تعتمد على الفصل 

انه يجب تاثير عدد الواح الزجاج في الشبابيك  ونوعها على الطاقة الشمسية المكتسبة منها، وقد وجد 

استخدام زجاج ذو معامل اكتساب عالي للطاقة الشمسية للشبابيك الجنوبية وذلك بغية ادخال اكبر قدر 

  ممكن من الطاقة الشمسية الى المبنى في وقت الشتاء، بينما يجب ان يكون زجاج 

الطاقة وهكذا فان مقدار . الشبابيك الشرقية او الغربية ذات معامل اكتساب منخفض للطاقة الشمسية

اللازمة لتكييف او تدفئة المباني يمكن انقاصه عن طريق اختيار زجاج من النوع البرونزي او من النوع ذو 

 .الاشعاعية المتدنية بدلا من الزجاج الشفاف
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Abstract 
The influence of coating materials such as magnesium zirconate, aluminum-bronze and 

molybdenum, and mixtures of them, using plasma spray coating method, on the fatigue properties 
of steel was investigated. It was concluded that the best results were achieved for the specimens 
coated with pure Mo followed by those coated with Al-bronze. The worst behavior under fatigue 
testing conditions is that of the specimens coated with 100% ceramic materials. The density of the 
powder and the crystal structure of the coating material were found to influence the fatigue 
properties.  SEM observations showed that the improvement of fatigue limit of coated samples is 
due to the initiation of the crack along the boundary of the smooth area which takes time to 
propagate while for the uncoated specimen the crack initiated at the boundary between the smooth 
regions and propagates radial inside it which speeds up the failure. The mathematical model of the 
fatigue behavior σa = σ′ (2Nf ) b is found to suit the results of the fatigue test for all coated and 
uncoated specimens regardless if there is an improvement or not in the fatigue behavior. 
Moreover, the constants K =2 b σ′, b and  σ′ғ  for all coated or uncoated groups were determined. 
The fatigue limits for some of the tested specimens were determined and an improvement of 20 % 
could be achieved. 

Keywords: Plasma, Coating, Composite, Crack, Fatigue limits. 

Introduction 
Many new materials have been developed, but steel remains the principal 

construction material for automobiles, appliances, and industrial machinery. So, 
modification of steel properties is of great importance. It is known that many 
components are subjected to alternating or fluctuating loading cycles during service, and 
failure by fatigue is fairly common occurrence because cyclic loading produces 
microscopic surface discontinuity resulting from dislocation slip steps that may end with 
a crack initiation [1]. It can also be noted that the formation of dislocation slips can be 
hindered by introducing a two phase structure in the material [2]. Coating may provide 
steel with compressive residual stresses that improves its fatigue life. To increase the 
fatigue life, different coating materials and techniques can be used. One of these 
techniques is plasma spray coating. It relies on a hot, high speed plasma flame (nitrogen, 
hydrogen, or argon), to melt a powdered material and spray it on to the substrate. A 
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direct current arc is maintained to excite gases into the plasma state. The high heat 
plasma enables this process to handle a variety of coating materials, most metals, 
ceramics, carbides and plastics. Jalham et al  [3] have used this method to investigate the 
influence of different types of composite material on abrasive wear resistance of 
commercial mild steel and came to very interesting results.   

The objective of this work is to utilize the advantages of plasma coating process to 
form metal coatings with different types of mixtures of metallic and ceramic particles  

(such as magnesium zirconate, aluminum-bronze and molybdenum, and a mixtures 
of them) to study the possibility of improving the fatigue life of steel.  

Literature review 
The Surface fatigue phenomenon of Mo and Al-bronze coatings was investigated 

using two-disc machine under various loadings [4]. It was found that Mo coatings had 
superior life to surface failure when compared to Al-bronze coatings under pure rolling 
and rolling/sliding contacts. This is in agreement with what has been reported by 
Shakelford [5]. Recent evolutions in surface engineering have suggested the use of 
plasma nitriding, PVD coating and their combination in duplex systems [6]. It was found 
that the employment of gas and plasma nitriding improved the thermal fatigue behavior 
of the surface of treated steel with respect to an untreated one as thermal cracks were 
found to remain localized in the compound layer or to stop the interface with the 
diffusion layer. Ramalho et al  [7] presented the influence of the fatigue stress range, 
normal pressure and amplitude of slip on the fracture life for both coated and uncoated 
EN H320 M steel. They found that Zinc films do not influence the fatigue life of the 
tested Steel. In another investigation, Nascimento et al [8] stated that the internal 
residual stresses significantly influence the fatigue strength of coated materials. They 
found that the effect of  thermal spray coating of tungsten carbide applied by HP/HV 
process and hard chromium electro plating for the rotating bending tests, was to decrease 
the fatigue strength for AISI 4340 Steel and the influence is more significant in high 
cycle fatigue tests than in low cycle fatigue tests. The decreasing of the fatigue strength 
was higher in chromium electroplated specimens than tungsten carbide coated 
specimens. Baragetti et al [9]stated that any coating system, giving improved wear 
properties, may drastically reduce the fatigue life of a component, due to crack starting 
in the coating and propagating into substrate material. Chrome – plate parts showed 
improved wear behavior with a shorter fatigue life, compared with those of uncoated 
parts. Several ceramic and ceramic-base composite coatings such as zirconium-based 
alumina, alumina–titanium, magnesia-stabilized zirconium, fly ash, TiN, TiCN, and 
other materials were studied. For example, Abdel-Samad et al [10] have investigated the 
influence of  hot isostatic pressing on the thermal fatigue resistance of plasma spraying 
coatings. They have applied thermal and thermo-mechanical tests to characterize their 
ability to protect dies and evaluated the coatings by residual stress measurements, 
metallography, hardness test and X-ray diffraction. They showed that the thermal fatigue 
resistance of the tool steel had an improvement of 33% using Zirconium-based plasma 
sprayed coatings in addition to the high wear resistance and good heat transfer 
resistance. They also showed that there is a significant difference in residual stresses 
depending on the coating condition. The as-sprayed residual stresses have been reduced 
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at the substrate/bond coating interface by HIP'ing and varied from 230 to 35 MPa in the 
tensile-compressive regime. In their work the coating exhibited low tensile stresses after 
HIP'ing, which slowly decreased and became compressive near the surface. As a result, 
hot isostatic pressing improved the thermal cycling resistance and Plasma spraying 
coatings of Mg2Zr5O12  increased the fatigue life of steel specimens. The effect of 
intrinsic properties of ceramic coatings such as TiN, TiCN and TiAlN films on fatigue 
behavior of the commonly used rotor steel, Cr–Mo–V steel, in which test samples have 
been deposited with ceramic coating layers of 2.5–5 µm thick by a filtered arc ion 
plating was studied [11]. In this investigation, the micro-hardness of the coating layer, 
the characteristics, and residual stresses of coating films were determined by X-ray 
diffraction. On the other hand, the high-cycle fatigue tests under rotary bending and axial 
constant amplitude loading were conducted. It was concluded that the hardness of 
coating layers increased approximately by 5–10 times more than that of uncoated 
substrate and large compressive residual stresses appeared on the coating layers. They 
showed that the fatigue strength of coated specimens is superior to those of uncoated 
substrate, in particular at long fatigue life. They also reported that the fatigue strength of 
ceramic-coated material is mainly dependent on the retardation of crack initiation of the 
substrate by hard coating layers compared to the influence of crack growth resistance by 
ceramic coatings. On the other hand, it was anticipated that ceramic coating layers are 
fractured at an early stage of the fatigue process because they are too brittle to 
accommodate the substrate. Gelf et al [12] used  CrN monolithic 5 mm thick, deposited 
on a substrate of H-11 tool steel. They found that a systematic characterization of the 
coating cannot neglect the evaluation of the residual stress distribution, induced by the 
coating manufacturing process because it affects the adhesion between coating and 
substrate. Ahmed et al  [13] has investigated the influence of coating thickness, and 
contact stress fields on the performance and fatigue modes of thermal spray (WC – 12% 
Co)     HV of coatings.  They reported that a non – dimensional coating thickness 
parameter, a part from the detection of a new failure mode (termed spalling), indicate 
that it is possible to achieve a fatigue life in excess of 70 million stress cycles without 
failure. This improvement in coating performance was attributed to improved fracture 
toughness of liquid fuel HVOF coatings.  

A deterministic model of fatigue may be considered as a mathematical system 
which will allow one to make accurate predictions about the lifetime of a material or 
structure, given information about the material properties, details of the geometry, and 
the actions to which it is subjected. A deterministic model is one such that if the various 
parameters are specified exactly, then an exact prediction for the lifetime is obtained. In 
practice there is a large amount of scatter in observed lifetime data for similar materials 
under similar conditions. This could be attributed to the true parameters being not known 
exactly, or because there is a natural variability in the physical system. Such scatter will 
be addressed in the probabilistic adaptations of some of the deterministic models. The 
different types of model may be roughly divided into two categories; namely those 
which are empirical - based on observed data, and constructed to fit the data - and those 
that are more theoretical - based on some physical reasoning, or mechanism which is 
known to affect the lifetime.  
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In order to estimate the reliability of real components which undergo varying 
conditions and stresses at different times in their lifetime, cumulative damage theories 
were introduced. The idea behind these is that failure is due to a structure accumulating 
damage at different stress levels until finally fracture occurs. Initially, it was proposed 
that such accumulation was just a linear combination of damages, but this was 
subsequently modified to give a non-linear accumulation rule. A continuous version of 
the accumulation rule, a damage function, was proposed in the 1950s by [14]. This 
whole area is called continuum damage mechanics. The use of the damage function 
allows one to take into account the many and varied mechanisms that affect useful 
lifetime. As well as the actual crack growth process, one may be interested in the effect 
that such things as whether they play role in the accumulation of damage. Under certain 
conditions it is possible to calculate the stress experienced at any point within a material, 
using simple engineering theory. Specifically, if the stress is not too great, the material 
acts under what is called the elastic regime and elastic fatigue fracture occurs. In such a 
situation, the stress felt at the tip of a crack can be calculated, and the crack opening 
force deduced. Using these methods it is possible to determine the rate of crack 
propagation. However, the material will not always follow elastic behavior, and plastic 
effects must be taken into account. J-integral methods deal with such a situation. The 
path independent integral proposed by Rice  [15] describes the stress-strain field at the 
tip of the crack under elastic-plastic loading. Since the integral can be taken far from the 
crack tip and then information about the crack tip may be deduced, this allows an 
extension of fracture mechanics associated with elastic fatigue fracture from linear 
elastic to elastic-plastic behavior. From experiment, under certain theoretical conditions, 
it has been shown that the governing equation for crack growth can be written in a form 
similar to Paris-Erdogan [16],  

 ........................................................................................... (1) 

Where  is the J-integral range, C is constant and m is determined from 
experiment. It should be remembered that the J integral methods have strong analytical 
basis, which differs from the totally empirical Paris-Erdogan.  

There are many ways to incorporate a probabilistic aspect into a so-called 
deterministic model. One way to do this is to add random noise to the model. Another 
way is to associate a random distribution with the model parameters. Yang et al. al. [17] 
demonstrates this for a hyperbolic crack growth rate function. Markov chains can be 
used to model fatigue in materials. The assumption that damage is a function of 
independent parameters, combined with damage accumulated to date is consistent with 
the Markov property, and hence such methods are employed in the natural fashion. Of 
specific interest to this research is the work on short cracks by Cox and Morris [18,19]. 
The continuous version, the Markov diffusion, has also been examined. The differential 
equation approach assumes that cracks grow continuously. In reality, crack growth can 
be a discontinuous process. In order to model this, it may be useful to consider growth as 
a combination of a growth event, together with a certain growth magnitude attributable 
to that event. This has been modeled in the cumulative jump models [20].  
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A graph of stress versus lifetime constitutes one of the first attempts to 
quantitatively examine fatigue lifetimes [21]. This graph, introduced by August Wöhler 
in 1858, has since become known as the Wöhler or S-N curve. Although the S-N plot 
provides an estimate of lifetime for a given stress level, it does not take into account any 
estimate of uncertainty. S-N plots are a probabilistic modification which gives an 
estimate of probability of failure, conditional on number of cycles and stress level. It 
should be noted that this is totally an empirical method in the sense that the only 
variables are time and stress. Calibration of such curves is done by experiment, using test 
specimens. For the analysis, the following equation, which was also used recently by 
many researchers such as Saeid [22], may be applied: 

σa = K (Nf ) b
   ......................................................................................................... (2) 

Where: 

σa is the applied stress  

K and b are constants of the material, 

Nf is the number of cycles at failure. 

Another common method of estimating lifetime consists of fitting the parameters of 
a Weibull distribution from test data, and this can yield good predictions in practice. 
Wöhler or S-N Curve approach using Equation 2 was used in this investigation.  

Experimental Procedure. 
To achieve the objectives of this work, five steps were taken: substrate preparation, 

preparation of the coating material, equipment setup and testing, coating process, and the 
testing of the coated substrates. The base substrate used in this research is a commercial 
free machining mild steel material of a composition shown in Table 1. Its preparation 
was started from decreasing the size to the intended one (Figure 1) and removing all 
surface oxidation by grit blasting. Thirty minutes before coating, the metal blasting 
machine was used to remove all the contaminations on the surfaces and then specimens 
were washed with alcohol  to get the substrate ready for the coating process.  Then the 
duplex system coating [23] was applied: the substrate is first sprayed with a metallic 
bond layer of stainless steel (about 350 µm) of a composition shown in Table2 then 
followed by the coating layer of a constant thickness of  about 900 µm. A total of 48 
substrate samples were prepared. Magnesium zirconate powder (10 µm), aluminum-
bronze powder (45 µm), molybdenum powder (30 µm), and a mixtures of different 
proportions of them, as shown in Table 3, were prepared as materials for plasma coating. 
The plasma coating apparatus MITCO 7 BM type was used for coating. The coating 
process was accomplished with the operational parameters shown in Table 4. 
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Figure1: Testing bar dimension according to the Fatigue Testing Apparatus of WP 140 
type. 

Table 1: Chemical composition of free machining mild steel used in this investigation 
 

Substance Si Mn Fe Cr Mo Ni C S 
Wt% 0.37 1.14 96.565 0.14 0.88 0.62 0.0613 0.22406 

 
Table 2.  Chemical composition of the stainless steel metallic bond layer 

 

Substance Cr Al Mo Ni Fe 
Wt% 9.0 7.0 5.5 5.0 balance 

 

Table3. Powder proportions used in the plasma coating process. 

Group 
number 

Magnesium zirconate 
% 

Aluminum-Bronze
% 

Molybdenum 
% 

Density 
g/cc 

A 90 5 5 4.65 
B 90 0 10 4.77 
C 90 10 0 4.54 
D 85 10 5 4.77 
E 85 5 10 4.89 
F 0 0 100 9.0 
G 0 100 0 6.7 
H 100 0 0 4.3 

 

Table 4: Operational parameters of the plasma coating process. 
 

   Spindle speed to rotate the 
sample during coating 

(RPM) 
Nozzle 

 Plasma Gas 
flow (g/h) 

Current 
DC 
 (A) 

Voltage 
DC 
(V) 

 Spray 
Distance 
(mm) 

Spray 
rate 
 (g/h) Ar2 H2 

15 GH 10.08 1.89 500 70 76-127 0.535 
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The Fatigue Testing Apparatus of WP 140  type, with test bar dimensions as shown 
in Figure 1, was used for fatigue testing to record sets of stress – number of cycles data 
to produce what is called S-N curves. The testing apparatus is shown in Figure 2 . The 
conduction of the test was started by clamping the sample in the spindle of the apparatus 
and loading it with a concentrated force, which was estimated based on the loads used 
for testing mild steel, at the other end to produce an alternating bending stress. The 
sample was subjected to a pure reversed bending stress in the machine at a zero mean 
stress. The amplitude of the reversed stress is infinitely adjustable and the machine 
switches of automatically when the sample ruptures. The number of load cycles is 
displayed via a digital counter and registered for each test. 

 

 

Figure2: The fatigue testing apparatus used in this work.  Spindle with sample 
receptacle (1), Drive motor (2), Load device (3), Switch box with the 
electrical control and counter (4), extension (7), Protective hood (8). 

A selected number of samples were taken to study the mechanism of fatigue using 
SEM. So, the samples were chosen to cover the substrate before and after coating. For 
this purpose, the samples that gave the best fatigue behavior and those gave the worst 
were selected in addition to the uncoated specimens. The samples prepared to conduct 
SEM test using SHIMADZU SSX-550 SUPER SCAN type apparatus.  

Results and Discussions 

1. General Observations 

In Figure 3, the relation between the applied stresses and the number of fatigue 
cycles to failure were plotted for the uncoated and coated specimens tested in this 
investigation. On the other hand, the best fatigue results were those of the steel 
specimens coated with 100% Mo (Group F). The order of the results from the best to the 
worst behavior (after group F) was as follows:  the specimens coated with 100% Cu-10 
Al powder (Group G), 90% ZrO2-24MgO + 10% Cu-10Al (Group C), 90% ZrO2-
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24MgO + 5% Cu-10Al + 5% Mo (Group A), 90% + 10%Mo (Group B), 85% ZrO2-
24MgO + 5% Cu-10Al + 10% Mo (Group E), 85% ZrO2-24MgO + 10% Cu-10Al + 5% 
Mo (Group D), and 100% ZrO2-24MgO (Group H). The percentages of the fatigue 
behavior improvement at each testing load (stress) for each material with relative to the 
uncoated specimen (Group X) are as shown in Table 5. The improvement of the fatigue 
properties is due to the introduced compressive residual stresses on surface layer. The 
best results of the specimens coated with pure Mo may be due to its BCC crystal 
structure because cyclic loading can produce microscopic surface discontinuities 
resulting from dislocation slip steps which may also act as a stress raiser at the surface, 
and therefore as a crack initiation sites which is a characteristic of the FCC type of 
structure due to its high stacking fault energy and rare for this type of structure [1]. In 
addition, this powder has the highest density of all used powders that affects the 
formation of residual stresses on the surface of the specimen. This is in agreement with 
the results reported by Akdogan et al [4]. On the other hand, it agrees with Barregetti et 
al [9] for Al – bronze coating as this material gave a high wear resistance in previous 
work [3] and contradicts with them for Mo coated specimens as these specimens gave 
the highest wear resistance and the best fatigue properties. 

L o g  (n u m b e r o f c y c le s  a t fa ilu re )
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Figure 3: The relation between the applied stresses and the number of fatigue cycles to 

failure for the different groups of tested specimens. 
Table 5: Improvement percentages of the fatigue life of the coated materials with 
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relative to the uncoated specimen. 
 

Coating Improvement % at Stress (MPa) 
Material 480 420 360 300 240 

F 82 84 82 78 74 
G 74 78 79 77 70 
C 72 77 73 56 63 
A 71 75 66 54 62 
B 12 19 41 29 29 
E 04 12 07 15 03 
D 0.4 11 02 14 - 
H 0.02 09 1.6 12 - 
Note: the order in the table is from the best to the worst. 

Although both Cu and Al have an FCC crystal structure, the Al-bronze mixture 
coated specimens followed immediately the Mo coated specimens. This is due to the 
presence of Al which increases the fatigue properties as reported by [2] because the 
plasma melted Cu-10Al alloy gives a two phase-structure which helps in hindering the 
dislocation slip. On the other hand, the copper-10Aluminum bronze as an alloy by itself 
has good fatigue strength as reported in [4,5]. In addition, this powder has the second 
highest density of all powders (comes after Mo). The worst behavior under fatigue 
testing conditions is that of the specimens coated with 100% ceramic materials. These 
results demonstrate that the ceramic coating layer had more influence on the surface 
crack initiation during fatigue loading and the ceramic coating layers are fractured at an 
early stage of the fatigue process because they are too brittle to accommodate the 
substrate and due to the high difference of thermal expansion that results in the 
production of unfavorable tensile residual stresses.   This is in agreement with the work 
of Kim et al [11,12]. Moreover, The mixture of ZrO2-24MgO consists of the MgO 
crystal structure  which is considered as two interpenetrating FCC lattices, one 
composed of the cations and the other of an anions and fluorite structure of ZrO2 [1] in 
addition to the worst density of this type of powder.  Group C of a composition 90% 
ZrO2-24MgO + 10% Cu-10Al comes in the third place while Group A and Group B are 
in the fourth and fifth places respectively. This emphasizes the influence of the type of 
crystal structure on the slip behavior and the initiation of the cracks. For example, group 
C gave a better fatigue behavior than A and B because the crystal structure of ZrO2-
24MgO is almost similar to that of Cu and Al which may help in a better mixing during 
solidification of the surface of specimen than that of Mo which has a BCC crystal 
structure for group B. This is also true for group A which has a powder composition of 
5% Cu-10Al and 5% Mo which gave better fatigue behavior than group B. 

2. Scanning Electron Microscope (SEM) Observations 
The fractured surface of the uncoated specimen is shown in Figure 4. It is clear that 

there are two distinguished regions (X &Y). X- region is the smooth region containing 
curved lines concentric pattern about the crack origin and mark the progress of the crack 
at various stages. Y- region is the granular region identifies the rapid crack prorogation 
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at the time of failure.  The same regions were also clear for the coated specimens that 
have the best behavior (Figure 5).  SEM observations showed that the improvement of 
fatigue limit of  coated  samples is due the initiation of the crack along the boundary of 
the smooth area  which takes time to propagate while for the uncoated specimen the 
crack initiated at the boundary between the smooth regions and propagates radially 
inside it which speeds up the failure.  Figures 6 & 7, which may explain another reason 
for the best behavior under fatigue conditions. i.e. the propagation of the cracks took a 
circular path that gave more life to the specimen before propagating to the surface. 

 

 
 

Figure 4: The two distinguished regions of the uncoated specimen after fatigue testing. 
X-is the line pattern region, Y- is the granular region, Fatigue stress = 200 
MPa. Magnification 30x. 
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Figure 5: The two distinguished regions of the coated specimen after fatigue testing. x-is 
the line pattern region, y- is the granular region, Fatigue stress=240MPa 
Magnification 24x. 
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Figure 6: Cracking in uncoated specimen taken from the site indicated in figure 4, 
Magnification 50x 
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Figure 7: Cracking in coating specimen taken from the site indicated in figure 5. 
Magnification 118x 

For the specimens coated with only ceramic material, the same regions were 
observed. This may be caused by the motion of many dislocations resulting from cyclic 
loading (Figure 8). This is common for the ductile engineering materials because the 
crystal grains that have an unfavorable orientation relative to the applied stress first 
develop slip steps. Additional slip steps form as more cycles applied and their number 
may become so large that the rate of formation slows, with the number of slip steps 
approaching a saturation level. Individual slip bands become more severe and some 
develop cracks within grains, which then spread into other grains, joining with other 
similar cracks, and producing a large crack that leads to failure. This is in agreement 
with what has been reported by [21]. 
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Y
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Figure 8: The slip steps observed the specimens coated with only ceramic material. 
Magnification 5910x. 

3. Modeling of the Fatigue Life 
The groups of the fatigue tests giving an S-N curve were run all at zero mean stress 

(Figure 3) to facilitate the calculation. Wohler approach using Equation 2 was used.  

In a slightly different form. Equation 2 becomes: 

     σa = σf
' (2Nf ) b .............................................................................. (3)               

 The fitting constants for the two forms are related by: 

K=2bσf
',  .................................................................................. (4) 

Where: 

σf
' is a constant, often approximately equal to the true fracture strength from a 

tension test, which is for ductile material noted to be a value larger than the engineering 
ultimate strength [21]. Referring to [21,22], constants for Eqs1 and 2 are determined by 
taking two points on the straight line. It is recommended to take the first point, (σ1 , N1), 
and the last one, (σ2, N2), on each straight line. Applying equation 1 to both points, and 
then dividing the equation of the second point into that of the first gives:  

σ1/σ2 = (N1 / N2)b   .................................................................................................. (5) 

taking logarithms of both sides gives: 

Log (σ1/σ2) = b log (N1 / N2) .................................................................................. (6) 
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Solving for b gives 

b = (logσ1  - logσ2)/ (log N1 – log N2) ..................................................................... (7)  

Once b is known from this, K in equation 2, can be calculated from either point. 
Constants K, b, and σf

' are considered to be as material properties [21,22]. So, these 
constants for the materials investigated in this study are calculated and shown in Table 6. 
From equation 2, the coefficient K is seen to be the intercept σa at Nf = 1. σf

' can be 
determined using equation 2 by substituting Nf  equals 0.5. 
 

Table 6: The following table shows the constants K, b, σ′ғ for the coating groups. 
 

 

 

 

 

 

 

 

 

 
 

 It can be noted that at short fatigue lives, the high stresses involved may be 
accompanied by plastic strains. Equation 3 nevertheless continues to apply for uniaxial 
test data from unnotched specimens, except that amplitudes of true stress are needed if 
the strains are quite large. Also, the constant σf

', is often approximated equal to the true 
fracture strength from a tension test, which for a ductile material noted to be a value 
larger than the engineering ultimate strength [21]. This is in agreement with the results 

Group Material percentage. K b σ′ғ 

A 
90% ( Zro2  24MgO) 
05% ( Cu 10Al) 
05% ( Mo) 

2332 
 
 

-0.1819 
 
 

2701 
 
 

B 
90% ( Zro2  24MgO) 
0% ( Cu 10Al) 
10% ( Mo) 

1613 
 
 

-0.1605 
 
 

1736 
 
 

C 
90% ( Zro2  24MgO) 
10% ( Cu 10Al) 
0% ( Mo) 

2296 
 
 

-0.1805 
 
 

2728 
 
 

D 
85% ( Zro2  24MgO) 
10% ( Cu 10Al) 
05% ( Mo) 

1701 
 
 

-0.1704 
 
 

1815 
 
 

E 
85% ( Zro2  24MgO) 
05% ( Cu 10Al) 
10% ( Mo) 

1702 
 
 

-0.1692 
 
 

1813 
 
 

F 
0% ( Zro2  24MgO) 
0% ( Cu 10Al) 
100% ( Mo) 

2573 
 
 

-0.1839 
 
 

2900 
 
 

G 
0% ( Zro2  24MgO) 
100% 0Al) 
0% ( Mo) 

2077 
 
 

-0.1671 
 
 

2411 
 

H 
100% ( Zro2  24MgO) 
0% ( Cu 10Al) 
0% ( Mo) 

1735 
 
 

-0.1704 
 
 

1824 
 
 

X  ( Mild Steel ) 1676 -0.1685 1792 
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obtained for the substrate material in this investigation, where σf
' was found to be 1792 

(Table 5) while the calculated σ  at fracture from the tensile test of this specimen (Figure 
9) was 1257 MPa. For the calculation purposes, the area at fracture was determined as Af 
= π (D/2)2 = 3.14 x (4.93/2)2 = 19.07 mm2, and the maximum tensile load was 24.0 kN. 
 

 

 

 

 

 

 

 

 

 

 
Figure 9: The experimentally determined true Stress strain curve of the substrate 

(uncoated) specimen (max stress 417MPa). 
4. Determination of the Fatigue limit 

As it was discussed above, the experimental load-displacement data were 
determined by using the computerized universal testing machine (UTM) and the stress  
and  strain data were calculated and presented as curves in  Figure 9 for the mild steel 
specimen before coating. After coating, the fatigue limits were determined to be as 
shown in Table 7. Because of the high cost of manufacturing and testing of the 
specimens, it was decided to reduce the number of the tested specimens by determining 
the fatigue limits experimentally only for the two best coated specimens (Groups F & 
G), the substrate (Group X) and the worst one (Group H) then remained stresses were 
taken above and lower this stress in an increment of 2 to 5 MPa. The fatigue limit curves 
were constructed for some of the specimens as shown in Figure 10. It was concluded that 
for or the coated specimens, the percentage of improvement (Table 5) was taken at the 
first step to estimate the fatigue limit stress and then the same increment was applied. 
The results show that an improvement of 20 % was achieved. 
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Table 7. The fatigue limits for some of the tested specimens 
 

Group Fatigue limit (MPa)
X 200 
F 240 
G 220 
H 170 

Number of failure cycles N [Log scale]

1e+3 1e+4 1e+5 1e+6 1e+7 1e+8
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Figure 10: S-N curves for different groups of tested specimens. 

The results of the true stress-true strain test of the substrate (Figure 9) shows that 
the ultimate tensile strength is 417 MPa, while the fatigue limit (endurance limit) was 
200 MPa (Figure 10), which is about 0.5 of the Tensile strength. This is in a good 
agreement with what has been reported about steel by [23]. 
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Conclusions: 

The following points can be concluded: 

1. The best results were those of the specimens coated with pure Mo followed by 
those coated with the Al-bronze mixture.  

2. The worst behavior under fatigue testing conditions is that of the specimens 
coated with 100% ceramic materials. 

3. The higher the density of the powder, the better the fatigue behavior and the 
crystal structure of the coating material was found to influence the fatigue 
properties. 

4. SEM observations showed that the improvement of fatigue limit of  coated  
samples is due the initiation of the crack along the boundary of the smooth area  
which takes time to propagate while for the uncoated specimen the crack 
initiated at the boundary between the smooth regions and propagates radial 
inside it which speeds up the failure. The mathematical model of the behavior 
σa = K (Nf ) b is found to suit the results of the fatigue test for all coated and 
uncoated specimens regardless if there is an improvement or not in the fatigue 
behavior. The constants K, B, and σ′ғ, which are considered as a property of the 
material, were determined for all coated or uncoated groups. 

The fatigue limits for some of the tested specimens were determined and an 
improvement of 20 % could be achieved.  

  التشغيل التجاري المطلي بطريقة البلازما تحديد حدود الكلل وخواص فولاذ
  

   جلهم عصام و حسن أحمد

 

  صملخ

 ألالمنيــــوم برونــــز ، المغنيســــيوم مثــــل زركونــــات الطــــلاء تــــم فــــي هــــذا البحــــث دراســــة تــــأثير مــــواد  

،وقـد تبـين   . البلازمـا  بـرذاذِ  الطـلاء  طريقـةِ  بإستعمال الفولاذِ إعياءَ خواص منهم على وخلطات والموليبدنوم

أفضل بأن للعينات أُنجزتْ النَتائِج           فقـط وتلاهـا فـي ذلـك العينـات التـي طليـت ببرونـز التي طليـت بالموليبـدنوم 

اضـافة لـذلك    .خزفيـة  مـواد %  100 ب التـي طليـت   للعينات وتم الحصول على اسوأ النتائج لتلك .ألالمنيوم

امـا الصـور    .كان لها اثرا علـى خـواص الكلـل    ءالطلا لمادةِ البلّوري والتركيبِ المسحوق كثافة فقد وجد بان

فقد اظهرت بأن التحسين فـي خـواص الكلـل للعينـات المطليـة        SEMالتي تم الحصول عليها عن طريق ال 

قطول على يعود الى نشوء الش دللامتـداد، بينمـا كـان     وقـتَ طويـل   َأْخـذُ  مما يؤدي الى الناعمةِ المنطقةِ ح

هــذا وبينــت  .  الناعمــةِ للعينــات غيــر المطليــة الامــر الــذي يســرع الفشــلَ    المنطقِــة داخــل  الامتــداد شــعاعياً

 ′σa = σالعينـات المطليـة وغيـر المطليـة هـو       لكُـلّ  الكلل سلوكِ الرياضي الذي يصف الدراسة بان النموذج
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(2Nf ) b
ليـة قـد تـم    العينـات المطليـة وغيـر المط    المجموعـات  لكُـلّ    K =2 b σ′, b and  σ′ғ وان الثوابـت  

وتم كذلك تحديد حدود الكلل وخواص فولاذ التشغيل التجاري المطلي بطريقـة البلازمـا واظهـرت    . حسابها

 %. 20بلوغ تحسين بمقدار النتائج بانه يمكن
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Abstract 
 

Research in the area of e-government indicated a big gap between governments’ objectives 
and customers' needs. This research utilized opinions of 25 experts in ICT area and 108 users of 
the Jordanian e-government portal to explore two main objectives. The first was to review the 
Jordanian e-government experience through the examination of the existing portal utilizing 
experts' opinions. The result of this stage concluded that the portal serves as an informational 
website, which lags behind among the Arab countries experiences. The second objective utilized 
the technology acceptance model (TAM) to test the acceptability of users of e-government services 
in Jordan. E-government was well accepted by citizens as they evaluated high its usefulness and 
ease of use and showed a high intention to use the service. Finally, trying to link the e-government 
strategy to the results of this research, this paper recommended many areas that need to be 
researched. Conclusions and recommendations of this research are stated at the end of this paper. 

Keywords: E-government, Users' acceptance, TAM, Expert evaluation, Jordan. 

Introduction 

The latest research in the area of e-government indicated a big gap between 
governments’ objectives and customers' needs. The area exceeded the perception of 
informational website to more complicated systems that combine customer relationship 
management (CRM) with transactional website capabilities. It seems that the final say 
about using a technology (or an information system) is totally dependent on users. E-
government experience in Jordan is still young and needs support from academia. The 
basic objectives of the e-government program in Jordan are centered on citizens' services 
and needs, and could be achieved through the utilization of later stages of e-government 
theories (transactional stage and beyond). With the huge and pervasive usage of 
information and communication technology (ICT) in community, still, some aspects and 
technologies are slow in their utilization and dissemination. Jordan embarked on a 
technological era where the ICT sector is the fastest growing sector in the last few years. 
As an example, the contribution of the sector is 10 % while the agriculture sector 
contributed only 4% to the Jordanian economy. Moreover, the penetration of mobile 
technology in the Jordanian market increased from 8.1% in 2000 to 57% in 2005 with 
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3.14M accounts [1]. The Internet penetration is slower than the mobile penetration as the 
number of Internet users was 1.25M in 2008, where growth rate of Internet usage went 
from 2.4% in the year 200 to 18.2% in the year 2008 [2]. Jordan e-government program 
is one of the ambitious programs that utilizes the ICT sector capabilities and pushes 
forward a program for governmental reform and effectiveness. The e-government portal 
offered three main services: the first for citizens, the second for businesses and the third 
for government itself (URL: http://www.jordan.gov.jo). E-government programs are still 
in their early stages in the Arab world [3], but varied among different countries in the 
region. The Jordanian experience was supported by his Majesty King Abdullah initiative 
in 1999, and continued its progress until the government launched its portal in 2006.  

One of the definitions for E-government is "the use of e-commerce to deliver 
information and public services to citizens, business partners, and suppliers of 
government entities, and those working in the public sector" [4, p. G-4]. Another 
definition by the World Bank states that e-government "refers to the use by government 
agencies of information technologies (such as Wide Area Networks, the Internet, and 
mobile computing) that have the ability to transform relations with citizens, businesses, 
and other arms of government. These technologies can serve a variety of different ends: 
better delivery of government services to citizens, improved interactions with business 
and industry, citizen empowerment through access to information, or more efficient 
government management" [5]. Silcock [6] emphasizes the integration and seamless 
services perspective, which can be an additional and important component to the listed 
definitions by Turban and other parties. Tools that help in the facilitation of e-
government processes can be: e-mail, websites, web mapping, visualization, planning 
support systems, technology for public participation, online planning portals, content 
management systems, handheld devices, permitting and zoning systems [7], and website 
accessibility tools [8]. E-government is all about customer service, social inclusion and 
democracy and accountability [9]. King stresses the importance of change capabilities 
within the body of government [9]. 

This study attempts to explore the status of the e-government portal in Jordan using 
an expert opinion method. The objective from this stage is to evaluate the status of e-
government portal and measure it against specified key factors proposed by the 
literature. Moreover, based on previous literature, users are the center of e-government 
process; in fact users are the center of any system acceptance. This paper discusses 
issues related to e-government acceptance and utilizes a well spread model in the 
literature (the TAM). The second objective of this research is to evaluate users’ 
acceptance of the Jordanian e-government website using an instrument adapted for this 
purpose.. Finally, this paper reviews the dimensions of e-government strategy and 
proposes a research plan to better improve the system functionality and proceeds with 
the reform intended. The e-government strategy needs to be linked with what really users 
want, where this perspective of user-centered approach is the focal point of this work. 
The following section will cover the literature related to technology acceptance and e-
government applications. The third section will cover the expert evaluation results and 
discussion, followed by the Jordanian e-government portal acceptance section. Finally, a 
review of the strategy implemented by the government and the researcher's conclusions 
and recommendations is summarized at the end. 
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The E-government Implementation Models 
The United Nations Development Programs (UNDP) proposed a four stage model 

for implementing e-government in Arab countries as follows: posting information stage, 
two way communication stage, exchange of value stage, and integrated services stage 
[10]. As stated,  models that explore e-government stages (phases) are all revolving 
around a sequential process that starts with a basic stage of information dissemination 
followed by other capabilities depending on two aspects: the readiness of the user and 
the infrastructure and portal characteristics [11] [12] [13] [14]. Layne and Lee [11] 
proposed a four stage model that starts with catalogue stage, where a presence and 
information dissemination is the start, followed by a transaction stage where a two way 
interaction happens between government and users. The model was extensively 
researched by more than one study, where more than one study discussed and 
recommended such model for a better implementation of an e-government project [15]. 
The last two stages provide an opening for vertical and horizontal integration.  

Later, Anderson and Henriksen [13] extended this model with their Public Sector 
process Building (PPR) where they emphasized the role of users in the process through a 
customer center dimension vs. an activity centered one. Wescott [16] proposed a six 
stage model where internal network and e-mail capabilities are established before the 
informational stage, also, the last transformation stage is split into two where a digital 
democracy is established before joining up the government.  

E-government projects still face problems regarding implementation and usage, 
even with the improved technological support and the massive capabilities of ICT 
infrastructure. Thus, e-government initiatives were not that easy success nonetheless 
faced many obstacles and delays. Most of the experiences, that are now prosperous, 
faced problems during the implementation stage and even still facing difficulties in 
advanced stages. Examples of such stories reported in the literature: the differential 
success in implementation in Slovenia [17] and Australia [18], the psychological barrier 
in East Asian countries [19], the lack of coordination and the high cost of Internet access 
in Bangladesh [20]. On the other hand, success stories are evidenced in many countries 
like Singapore [21], in the state of Andhra Pradesh in India [22], and the united states, 
Denmark, United Kingdom, Sweden, Republic of Korea, Canada, Finland Norway [23]. 
In relation to the Arab world, Al-Omari [24] reported the success of United Arab 
Emirates and Egypt as leading Arab functional e-government portals. 

E-government in Jordan 
The Jordanian government started its initiative to pursue e-government services 

since the year 2000 and launched its portal in the year 2006. Once the E-government 
portal is open for public, the government started its operations via the web where 
interactions with citizens, businesses and other governmental entities can be initiated. 
The e-government portal is administered by the National Center for Information 
Technology, which was established in 1990 and reformed in 2003 to be responsible for 
the governmental gate of ICT sector jointly with the Ministry of Information and 
Communications Technology.  
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The vision statement of the e-government in Jordan was to create a society where 
electronic government is a contributor to the economic and social development of the 
kingdom (E-Government Strategy, a report published in 2006). With proper guidance 
and support from the USAID, the project started within the Ministry of Information and 
Communication Technology body and in march 2002 initiated a program (within 
National Center for Information Technology) that coordinated the process, and finally in 
2006 the project started its work with many initiatives and six ministries connected [25]. 
By the end of 2005, 12 ministries where connected and many services where 
implemented and nearly 2000 public employees would have training related to e-
government services [26]. The e-government life cycle adopted by the program 
administration indicates a four stage program with the following stages: information, 
communication, transaction and transformation [27].  

The lag of e-government project in Jordan was attributed to many reasons. One of 
the most significant obstacles was the reflection of the portal processes on government 
agencies that would be difficult because of the difficulty of translating suggested policies 
that needs parallel reforms to reach good governance [28]. Other causes were reported 
like: infrastructure constraints and low penetration of Internet services, privacy and 
security, and lack of awareness and legal framework [24]. 

The E-government Acceptance Model 
Regardless of the widespread of e-government initiatives and the huge demand on 

this service, still many studies indicate a lag in acceptance of such paradigm shift. 
Accenture's fifth annual e-government study [29] found that the top trend in e-
government area was that its advances are diminishing, and promoting usage is slowing 
down which indicates a slow down in acceptance. Like any other technology, accepting 
e-government by users is essential. This study focuses on citizens as users and do not 
explore other outlets of e-government like the relationship between governments and 
businesses (G2B) and government and other government agencies (G2G). This study 
applies the Technology Acceptance Model (TAM) by Davis [30] to explore users’ 
acceptance of the e-government services.  

Evolving from the Theory of Reasoned Action (TRA), the TAM model gained a 
reputation as a model that addresses individuals’ behaviors and attitudes towards 
technology. Several researchers have tested the TAM, modified its components, and 
replicated it in different situations and environments, yet the original TAM survived 
those tests with minor changes. The original TAM had three major components: 
perceived ease of use, perceived usefulness and computer usage. Davis identified 
“usage” as an indicant of technology acceptance. The main objective of the Davis study 
was to establish a validated instrument of perceived ease of use and perceived 
usefulness. In his article, Davis identified “usage” as an indicator of technology 
acceptance. Perceived Usefulness (PU) is defined as “the degree to which a person 
believes that using a particular system would enhance his or her job performance,” and 
Perceived Ease Of Use (PEOU) is defined as “the degree to which a person believes that 
using a particular system would be free of effort” [30, p. 320]. In addition, the TAM 
includes “attitudes” and “behavioral intentions” to use the technology.  
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The original TAM is the result of two major studies done by Davis [30] and Davis, 
Bagozzi and Warshaw [31]. The first study is conducted using 152 subjects using four 
different application programs. The study objective is to validate the PU and PEOU 
measures, which resulted in two six items scales with reliability measures of 0.98 (for 
PU) and 0.94 (for PEOU). The results indicated that PU had a strong influence on 
intention, and intention predicted computer usage significantly. The results in both 
studies confirmed that behavioral intention was a major determinant of usage behavior. 
The TAM is shown in Figure 1, which is used as a research model to test the 
acceptability of e-government services. This study will utilize the three variables used in 
TAM; perceived usefulness (PU), perceived ease of use (PEOU) and intention to use as a 
surrogate of usage. 

 
Figure 1: The TAM model 

 Data Analysis and Discussion 
This study used two types of measures to explore the effectiveness and acceptability 

of e-government services. Section 4.1 describes experts' evaluation of e-government 
services, where section 4.2 tries to estimate users' acceptance of such service.  

 Experts Evaluation 

Jong and Lentz [32] used an expert evaluation method to evaluate municipal 
websites. The basis for their argument is using users with better knowledge regarding 
subject matter, the medium, and the target audience. In this study, we used a group of 
masters' students specializing in computer sciences and computer information systems 
(25 experts). Such sample is considered suitable as students are users of such websites 
and went through many courses related to website analysis and are familiar with portals 
capabilities. Subjects were asked to explore and evaluate the e-government website in 
Jordan and compare that with different websites in the region. The unit of analysis in this 
section is the country website, and the sample centered on the Arab countries. Each 
subject checked two websites; Jordan's e-government portal and another Arab country in 
the region. In addition, each Arab country is checked by at least two subjects to check 
the results and confirm and remove inconsistencies. Table 1 lists the results of the stage 
where subjects were asked to evaluate the website regarding their stage of service. 

Perceived 
Usefulness 

Perceived  
Ease of use 

Intention 

To Use 
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Finally, experts were asked to check other characteristics of websites which are 
summarized in Table 2.  

Table 1 indicates a lag in Jordan's position compared to other Arab countries, but 
still above the average. The top countries are consistent with the literature (UAE, Egypt 
& Bahrain); on the other hand, experts indicated a progress with respect to Qatar & 
Morocco.  

Table 1: Arab Countries Experts Analysis 

Expert 1 Expert 2 Expert 1 Expert 2 Expert 1 Expert 2 Expert 1 Expert 2
1 Algeria 80% 80% 80% 80% 40% 60% 0% 20% 55%
2 Bahrain 80% 80% 80% 80% 80% 50% 40% 30% 65%
3 Egypt 80% 80% 80% 80% 80% 50% 30% 10% 61%
4 Lebanon 80% 80% 80% 80% 60% 50% 30% 20% 60%
5 Libya 80% 80% 50% 50% 20% 10% 0% 0% 36%
6 Morocco 80% 80% 80% 80% 60% 60% 50% 50% 68%
7 Muritania 80% 80% 50% 50% 10% 10% 0% 0% 35%
8 Oman 30% 60% 30% 40% 10% 20% 0% 0% 24%
9 Qatar 80% 80% 80% 80% 70% 80% 60% 80% 76%

10 Saudi Arabia 30% 50% 10% 50% 0% 20% 0% 10% 21%
11 Syria 60% 50% 50% 30% 20% 10% 0% 0% 28%
12 Tunis 50% 60% 30% 60% 20% 40% 10% 0% 34%
13 United Arab Emirates 80% 80% 80% 80% 60% 40% 50% 20% 61%

Mean for Arab Countries 48%
14 Jordan 54%17%

Informational
Two Way 

Communication Value Exchange

70% 62% 40% 20%

#

79% 76% 42%

Transformation

E-Government Stage

MeanCountry

 
When looking to the specific numbers of the Jordanian website, we find that the e-

government portal exists, disseminate information, and low on value exchange. The last 
stage can be considered not in existence, and this might be a deliberate strategy as the 
last one should come when we master the first two at least. Jordan's portal comes above 
average in all dimensions and also in the overall measure. Figure 2 shows the 
comparisons between the means of the Arab countries when averaged across experts and 
stages. 
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Figure 2: Mean Progress in Stages across Arab Countries 

Table 2: Comments by experts regarding Jordan e-government website 
# Comment Expert Evaluation 

1 Speed of loading is acceptable or fast 19 experts confirmed high speed and 2 reported is 
was slow. 

2 Support for more than one language is 
obvious 22 reported more than one language 

3 Number of links detected 26 links on average (17 experts reported results) 
4 Existence of search engine 17 experts reported its existence 
5 Shows the number of visitors None reported the number of visitors from the site 

Users' Perceptions of E-government 
Lee and Kim [33] used interviews with governmental officials to record perceptions 

regarding information systems and information technologies used by governments' 
authorities (E-government initiatives). In the technology acceptance research, an 
extended model of the TPB was decomposed to explore the effect of trust in the context 
of e-government. Warkentin, Gefen, Pavlou and Rose [34] extended the TPB by adding 
two constructs: trust in e-government and perceived risk. The authors decomposed 
attitudes into PU and PEOU, but kept perceived behavioral control as is and dropped 
subjective norm. The major conclusion was that the model is suitable for the US 
environment and can be applied to other countries as well.  

In this study and to evaluate the user perception, we used bachelor students in two 
undergraduate IT classes where they visited a lab and browsed the Jordanian e-
government website for 30 minutes and then filled a survey that included items 
measuring ITU, PU and PEOU. The items used were adapted from Venkatesh, Morris, 
Davis and Davis [35], where the reliability measures of the three constructs were all 
above 0.8 and the sample was 108 students in the two classes. 
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Table 3 lists a description of the means and standard deviations of the three 
constructs, which shows a high perception of the website. The means of the three 
variables were all above 5.7, where a Likert scale of 7 points as used. A multiple 
regression test is also conducted by forcing the three constructs into the model and 
yielded the results reported in Table 4. The results indicate a high correlation between 
the independent variable and ITU with a determination factor R2 = 0.620, adjusted R2 = 
0.612 (the model was significant at the 0.001 level, F2,105 = 85.561). One of the 
important comments is the high correlation between PU and PEOU, which indicates a 
mediation effect.  

Table 3: Descriptive Statistics 
Construct N Min Max Mean Std. Dev 
Intention To Use (ITU) 108 1 7 5.70 1.62 
Perceived Usefulness (PU) 108 2 7 6.18 1.11 
Perceived Ease Of Use (PEOU) 108 1.5 7 5.76 1.13 
Valid N (listwise) 108     

Table 4: Coefficients' Table 

Model  
Unstandardized 
Coefficient B 

Std. 
Error 

Standardized 
Coefficient 
Beta t Sig. 

1 (Constant) -1.625 0.568  -.858 0.005 
 PU 0.744 0.128 0.512 5.799 0.000 
 PEOU 0.473 0.126 0.331 3.742 0.000 
a Dependant Variable: ITU     

With regards to Table 4, both variables (PU and PEOU) were significantly 
correlated to ITU (the bivariate correlations are: PU  ITU = 0.754 and PEOU  ITU = 
0.706). Moreover, when combined, both variables were significant in influencing ITU 
with significance level less than 0.001. 

 Research Recommendations for the Jordanian E-government Strategy  
Published in June 2006, Jordan E-government strategy classified its services into 

the following venues: 

1- Vertical services: services vertically provided by one organization. 

2- Cross-organizational services: services that require the involvement of more 
than one government agency. 

3- Shared services: provide technological functionality to the previous two. 

4- Composite services: bundled services that flow within government agencies 
(GERP). 

It is obvious that the strategy is built around the notion of future integration which 
might be the ultimate objective (or stage). The strategy is built on solid ground with 
respect to the dimensions that relate to the success of the project. The four basic 
dimensions are: institutional framework, legal framework, ICT infrastructure, and 
business level. The strategy also identified, for each dimension, the needs, current status 
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and direction. The following discussion elaborate on directions of research related to the 
dimensions listed and how this research work fits in this direction. 

On the institutional level, research should be directed to two main aspects: users 
needs (CRM initiatives) and business reengineering (to be aligned with the new online 
process). The major focus of CRM is users’ perception of the website and this research 
showed a high evaluation of such aspect. The institutional dimension requires that 
committees and administrative units be formed to handle the reform and the integration 
of online services into business process, thus requiring some research into the area of 
administering government operations and the entities interrelations within agencies. The 
experts’ test demonstrated in this paper indicated that this track is lagging specially with 
respect to advanced stages of e-government project.  

The legal dimension is explored by Al-Omari and Al-Omari [36] where they found 
that current laws are satisfactory regarding transaction on the web and handling 
cyberspace crime, but the legality of physical presence by citizens can be an obstacle in 
some cases (related to laws of digital signature). Research should be directed in this area 
to accommodate new legal issues that might face government agencies when transacting 
with each other (own body of government), and how to secure information related to 
citizens (the distinction between legal and ownership of government). Partnership with 
private sector also needs some modifications of certain laws.  

The ICT infrastructure is a vital dimension as Jordan is one of the leading countries 
in the region in relation to ICT capabilities and human resources. On the other hand, two 
aspects need to be explored: the e-government architecture and security issues. As a 
government body, security of information and privacy issues might be of importance to 
gain citizens acceptance and support. The gap between what customers want and what 
experts found in this research, regarding both the services and the key factors existing 
within this portal, indicates a need to work on both capabilities and infrastructure of this 
project.  

Finally, the business level is a challenge to government agencies as they are 
required to reform their operations and processes and integrate online services in them, 
and this might be of a conflict to existing operations and services. This delay in 
implementing advanced stages of e-government might be caused by this resistance to 
change. Such issue is supported by Frehat (2007) and Bhatnager (2004) claims. In this 
regard, research toward business strategies, best practices methodologies, and business 
process reengineering is recommended. 

It is evidenced that the e-government strategy can be supported by strengths like 
strong infrastructure, private sector participation, and a concerned government. On the 
other hand, citizen's access to the Internet (cost wise), legal issues, and government 
agencies reforms can be a crucial obstacle towards an effective and functional e-
government service. 

 Conclusions  
This paper explored the literature related to issues in e-government and empirically 

tested its acceptance by Jordanian citizens. An expert evaluation method is applied to 
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explore the status of e-government service in Jordan and compared that with other Arab 
countries. Experts indicated a lag in Jordan’s position among Arab countries and a lag 
also in their plans towards a transformational stage. Jordan seemed to have a good rank 
among Arab countries but not in a satisfactory way depending on its long history and 
government support in relation to the ICT sector. Jordan needs a long and serious effort 
to reach advanced stages of e-government lifecycle. On the other hand, e-government is 
well accepted by citizens as they evaluated high its usefulness and ease of use and 
showed a high intention to use the website. Citizens emphasized the high usefulness 
relationship and if we considered the mediation effect of usefulness and ease of use, we 
might support more this argument.  

The Jordanian strategy towards e-government indicated four major venues, where 
service towards citizens and businesses is the major issue. The strategy indicated few 
dimensions and when looking thoroughly into those we find a gap between what was 
implemented and what is wanted and accepted by users. Finally, recommendations 
regarding research areas in the area of e-government that can benefit the improvement 
and utilization of such project were stated in the previous section. Academia is required 
to join forces with government to better serve customers, improve service and increase 
efficiency and effectiveness of government agencies.  

Although the sample size is a acceptable for the tests conducted in this research 
[37], but still this work used a convenient sample of students as subjects in this test, 
where citizens of e-government services might be more diverse than this category. Also, 
more research is needed in the area of users needs and an in-depth look to what is 
actually happening through the Jordanian portal is important. Finally, recommendations 
stated in the section related to e-government strategy needs to be taken into 
consideration when implementing different stages of e-government project. 

  دراسة مرتكزة على رأي المستخدم: برنامج الحكومة الالكترونية الاردنية
  

  قاسم الردايدة عماد ابو شنب و

  

  ملخص

البحث العلمي في مجال الحكومة الالكترونية أظهر وجود فجوة بين أهداف الحكومات وبين حاجات 

مستخدما لتخقيق  108خبيرا في مجال تكنولوجيا المعلومات و 25استخدم هذا البحث . المواطنين

الهدف الول كان مراجعة تجربة الحكومة الالكترونية الاردنية باستخدام خبراء في هذا . هدفين رئيسيين

كانت نتيجة هذه المرحلة ان الموقع الاردني يقتصر على نشر المعلومات ويعتبر أيضا متاخرا . المجال

لفحص ) TAM(خدم نموذج قبول التكنولوجيا اما الهدف الثاني فقد است. بالمقارنة مع الدول العربية

تبين . قبول هذه الخدمة من خلال علاقة درجة الفائدة وسهولة الاستعمال مع نية المستخدم للاستعمال

اخيرا فقد تم الربط . نتيجة هذه المرحلة التقييم العالي للموقع ورضا المستخدمين غعن الخدمة المقدمة
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مة الالكترونية ونتائج هذا البحث، حيث تم الخلوص بمجموعة من للحكو الأردنيةبين الاستراتيجية 

اختتم البحث بالتوصيات والاستنتاجات . المشروع أغراضالتوصيات لتحسين البحث العلمي الذي يخدم 
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Abstract 
This paper describes a new stemmer algorithm to find the roots and patterns for Arabic words 

based on excessive letter locations. The algorithm locates the trilateral (three consonants) root, 
quadri-literal (four consonants) root as well as the pentaliteral (five consonants) root. The 
algorithm is written with the goal of supporting natural language processing programs such as 
parsers and information retrieval systems. The algorithm has been tested on thousands of Arabic 
words. Results reveal accuracy reached to 95%. The incorrect roots were analyzed and it was 
found that they belong to either a stop words or foreign words or words having a weak letters. 

Keywords: Arabic language, Arabic words, Roots and patterns, Stemmer. 

Introduction 

Arabic language is the fifth widely spoken language in the world. It belongs to the 
Semitic family; which is differs from the Indo-European languages morphologically, 
semantically, and syntactically. The Arabic alphabet contains twenty-eight letters, 
always written from right to left in cursive form. The letters of the Arabic word can be 
both bare and diacritical. Diacritical marks “tashkiil” appear either above or below the 
letters, and play an essential role in some cases to distinguish semantically and 
phonetically between two identical words with the same letters, but with different 
diacritics “tashkiil”. Diacritical marks are used widely in holy books, poems, literature, 
and by automated systems used to analyze Arabic words. Words in Arabic language are 
either original words, or Arabized words, which are mainly nouns borrowed from other 
languages with a slight phonetic adjustment to suit the Arabic pronunciation. The 
Arabized words have no roots. 

All Arabic words are derived from three main categories: noun, verb and particle. 
Around 64% of the Arabic words are descendant of trilateral verbs (three consonants), in 
addition to bilateral, Quadri-literal , and pentaliteral  verbs. Naturally these verbs 
represent the roots for which stemming algorithms are searching. This stemming process 
excludes words derived from nouns and particles [13]. Previous researches and studies 
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on the Arabic language showed that the majority of Arabic root verbs are of trilateral 
origin “ ثلاثـي”, while the remaining are quadri-literal “ ربـاعي”, and bilateral origin “ ثنـائي” 
[2]. 

Arabic words are normally derived from bilateral, trilateral, quadri-literal, and 
pentaliteral  verbs. These words represent various modifications of the original verbs. 
These modifications are represented by special types of measures called templates 
 f3l” as the model to represent the“ ”فعــل“ Arab grammarians use the verb .”أوزان“
templates that can form other verbs and nouns from a specific root. Each letter of the 
special verb “ فعـل” has a specific name and meaning applied in the formation of other 
forms of verbs and nouns, the first letter is called “ف”  “fa”, the second is “ 3“ ”ع ain”, 
and the third is “ل” “lam”. 

The paper describes a new stemmer algorithm to find the roots and patterns for 
Arabic words based on excessive letter locations. The algorithm locates the trilateral 
root, quadri-literal root as well as the pentaliteral root. The algorithm is written with the 
goal of supporting natural language processing programs such as parsers and information 
retrieval systems. A series of experiments on thousand of Arabic words taken from the 
Holly Quran has been conducted to test the algorithm. 

Previous Studies on Arabic Language Stemming Algorithms 
Systems in English language are not fully appropriate for the development of 

Arabic stemmers. This is mainly due to the morphological and semantic differences 
between them. Some of the main differences are summarized by [12] as follows: 

• The structure of Arabic affixes is different where Arabic is under the Semitic 
type of languages while English is of  Indo–European type 

• Arabic is mainly roots and templates dependent in the formation of word  

• Arabic roots consonants might be changed during the morphological process 

• The root consonants might be deleted during the morphological process. 

The following summarizes the previous work on Arabic Language stemming 
algorithms. 

Al-Shalabi [4] designed and implemented a stemmer for extracting the trilateral 
Arabic root for an unvocalized Arabic corpus. He provides an efficient way to remove 
suffixes and prefixes from the inflected words. Then it matches the resulting word with 
the available patterns to find the suitable one, and then extracts the three letters of the 
root by removing all infixes in that pattern. This technique does not use any dictionary to 
check the resulting stem.  He defined some rules that help to decide if the letters belong 
to the root or not. The algorithm has been tested on a corpus of 72 abstracts (10582 
words) from the Saudi Arabian National Computer Conference; the accuracy of this 
algorithm is about 92%. 
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Ghwanmeh et. el. [9] designed and implemented an Arabic morphological system 
to extract Arabic roots based on the Patterns which play a big role in a process of 
extracting the root of the word, where each word has its own pattern as in 
" يتفعلـون ..يتفكـرون  ,", each letter in the word that replaces the letters ف،ع،ل  in the pattern is 
considered as original letter and added to the root. They used a corpus of 242 abstracts 
from the Proceedings of the Saudi Arabian National Computer conferences in machine-
readable form. This set of abstracts was chosen randomly from the corpus for analysis, 
and the results obtained from the experiments showed that the algorithm extracts the 
correct roots with an accuracy rate  up to 95%.  

Gheith and El-Sadany  [8] developed morphological analyzer for Arabic words, the 
analyzer was implemented on the  IBM  PC-AT machine, the main aim of developing 
this analyzer is to assist in the research of Arabic natural language processing, the 
morphological  analyzer is a result of a team consisting of Arabic grammarians and 
computer scientists who develop a computerized  morphological analyzer for a non-
vowelized Arabic words. 

El-Sadany and Hashish [7] designed a morphological analyzer which was 
implemented on an IBM  PS/2 at Cairo’s IBM Scientific Center. It was implemented 
using PROLOG language; the analyzer is able to process vowelized, semi-vowelized, 
and non-vowelized input text. The analyzer is precisely aimed at analyzing only words 
of trilateral origin. This morphological analyzer consists of five main modules which 
take a word as input and output a set of possible analysis of a given word 

Saliba and Al-Dannan [13] designed a morphological analyzer which was 
developed at the IBM Scientific Center in Kuwait. This analyzer is somehow similar to 
one developed by [7], with the addition of more affixes lexicon and extraction rules, the 
morphological analyzer can process types of non-vowelized, semi-vowelized and 
vowelized Arabic words with emphasis given to modern Arabic words.  

Hilal [10] designed a morphological analyzer system; the analyzer consists of three 
main modules:  

•  An Article (stop words) analyzer module, 

•  Word analyzer module, 

•  A lexicon module, 

The article module checks whether an input Arabic word is an article or not, if the 
word is found to be an article, then the analysis process will stop, otherwise it will be 
passed to the word analyzer module, that uses the longest-affix match removal approach 
to remove the longest possible prefixes and postfixes from the word. The resulted stem 
after the removal of the affixes is analyzed to produce the correct root. 

Al-Serhan and Ayesh [3] designed and implemented a novel neural network based 
approach for stemming Arabic words, their approach attempted to exploit numerical 
relations between characters by using Back propagation Neural Network (BPNN). They 
exploit numerical relations between characters that are identified by Arabic linguists to 
be affixes; they assigned numeric values that identify the class of each character. These 
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numeric values are then used in encoding a given Arabic word to be presented as an 
input to the neural network. 

Al-Fedaghi and Al-Anzi [2] presented an algorithm to generate the root and the 
pattern of a given Arabic word.  The main idea in this algorithm is to locate the position 
of the root’s letters in the pattern and examine the letters in the same position in a given 
word to see whether they form a valid Arabic root or not. The algorithm examined all 
patterns that have the same length as the input word in case that word contains its full 
trilateral root. For those that lose one of their letters, the algorithm tests all patterns of 
lengths equal to one less than the length of the given word, and for the roots that lose 
two letters it examines all patterns of length equal to the length of the given word minus 
two.  The algorithm has been tested by the authors in four modes as follows: 

Mode-1: The input word contains its full trilateral root. 

Mode-2: The third letter of the root of the input word is lost due to 
 .which means the second and the third letter are identical“التشديد“

Mode-3: One letter of the root of the input word is missing. 

Mode-4: Two of the letters of the root of the input word are missing. 

Al-Shalabi and Evens [5] presented an Arabic Morphology system to find triliteral 
roots. Their approach can be summarized as follows: After removing  the longest prefix 
that precedes the first root letter in the input word the algorithm check the trigraph 
formed from the combination of the remaining letters to see wither it is in the root list or 
not. The algorithm is going to output the root and the pattern of a given Arabic word. 
The algorithm was tested using a corpus of 242 abstracts from the Proceedings of the 
Saudi Arabian National Computer Conferences in machine readable form. 

Khoja [12] designed and implemented a stemmer algorithm, which uses the 
morphological patterns to detect   roots or tree or four letters. Khoja’s algorithm starts by 
removing the suffixes, prefixes, and infixes of a given Arabic surface word. After every 
elimination process, the algorithm checks whether the removed affixes are part of the 
Arabic root or they are additional letters added in the derivational process. The resulting 
stem is then checked for correctness. If any original letter is stripped out, the entire affix 
is returned to the word. Finally, it matches the remaining letters of the given Arabic root 
against list of patterns of the same length to extract the root. The algorithm can process 
any Arabic surface form, vowelized and nonvowelized. The prepositions, pronouns, 
conjunctions, interjections, and a list of non-Arabic words are ignored while processing. 

Al-Shalabi et al. [6] designed and implemented an algorithm to find the roots of 
Arabic words by assigning numeric values to the word’s letters, and performs some 
calculations on these values to extract the roots. The algorithm extracts the correct roots 
with an accuracy rate reaching 95%. 

Finding Roots in Arabic Language 
One way to extract the root of the Arabic words is to identify what is the excessive 

letter in the word.  Determining Arabic excessive letters is an easy step because these 
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letters are predefined by an Arabic language scientist and formed the Arabic word 
“s’ltmwnyha” “ سـألتمونيها”, but the problem is to identify the words patterns and their 
roots. 

Most common pattern in Arabic language consists of  three letters  "fa" “ف” ,  
“3ain”  “ع” and ” lam”  “ل” that form the word  “f3l”  “فعل”. If  we take the pattern “fa3l”  
 is excessive letter ”ا“ ”and try to extract the root, we would find that the letter “a ”فاعـل “
so it must be  removed to  obtain the root “f3l”  “ فعـل”, if we try to find the root of the 
word “katb” “ كاتـب” in English “the writer”,  we first need to find the pattern of the word 
which  is “fa3l” “ فاعـل” and its root “f3l” “ فعـل” so the letter “a” “ا” in second position is 
removed. Then we combine the word with the pattern to extract the root letters, a 
demonstration example is shown in Table 1. The Arabic language categorized patterns 
depend on the words length and root length as shown in Table 2. 

 
 

 

 

 

 

 

 

 

 

Table 1: The root of the word “katb” “كاتب” 

Pattern F  ”ف” A ”ع” 3 ” ا” L ”ل” 

Word K  “ك” A ” ا ” T ”ت” B ”ب” 

Root K “ك” Removed T ”ت” B ”ب” 

Root “Ktb” “آتب” write 

 
Table 2: Patterns with different length  
Pattern 
length Pattern Removed letters Root 

length Root 

4 AF3L  “افعل” A “3 ” ا F3L 
 ”فعل“

4 F3OL  “فعول” O “ و  ” 3 F3L 
 ”فعل”

5 FA3OL  “فاعول” A “ا”  O “3 ”و F3L 
 ”فعل“

5 MF3OL  “مفعول” M "م"   O “3 ”و F3L 
 ”فعل“

6 ESTF3L  
 F3L 3 ”ت”T   ”س”S  ”ا”E ”استفعل“

"فعل"  

7 ASTF3AL  
”استفعال“

A”ا” S”س” T”ت”  
A “ا” 3 F3L 

"فعل"  
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The Proposed Algorithm for Finding the Arabic Roots  
The new stemmer algorithm for finding Arabic roots is divided into three phases: 

Phase one: collect all used Arabic patterns and categorize them based on their length. 

Phase two: examine them one by one and scan, analyze all patterns in each category 
to achieve a general rule. 

Phase three: from phase two, a table which contains all Arabic letters and their 
positions in the Arabic word has been obtained. 

It has been found that  the excessive letters will be removed depend on  its position 
in  the Arabic word, for example if the letter “a” “ا” is  found in position one or two or 
three or four then it will be removed. Table 3 is used for all words with length 4, table 4 
is used for all words with  length 5, table 5 is used  for all words with  length 6, and table 
6 is used  for all words with  length 7. The 2’s in the table means that remove this letter 
and go to the next letter.  

 
 

Table 3: Letters position in the Word of length 4 

Pos/letter 1 2 3 4 

 1 1 1 1 ا إ آ أ

 1   1 ت

    1 م

    1 ن

  1   و

  1  1 ي

 1    ى
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Table 5: Letters position in the Word of length 6 
 

Pos/letter 1 2 3 4 5 6 

1   2 ا إ آ أ 1  

       ب

    1 2 2 ت

     2  س

      2 م

     2 2 ن

       ه

   2    و

      2 ي
  

Table 4: Letters position in the Word of length 5 
 

Pos/letter 1 2 3 4 5 

  1 2 2 2 ا إ آ أ

      ب

 1  1 1 2 ت

     2 مَ

    1 2 ن

  1  2  و

  1   2 ي

  1    ئ
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The problem in some words is that, when it comes to two excessive letters in the 
word and the intersection between these letters and their positions is  “1”, so it is 
difficult to determine which one must be removed and which one must be remained, this 
problem takes two scenarios, if the two letters seemly (like “a” “ا” and “a” “ا” or “e” “ي” 
and “e” “ي” as word “anar” “ انـار” ), and if two letters differently (like “e” “ي’ and “a” 
 then it will be resolved by making several steps fully ,( ”ينــال“ ”as word “enal”ا“
depending on analyzing the patterns, such as: order the letters in the table, or depends on 
the way of scanning the word from left to right or from right to left. 

The Roots Finder Algorithm 
The proposed algorithm contains several steps and can be described in the process 

shown in Figure 1. The root identifier consists of three stages: The first two sages is to 
build the prefixes and suffixes tables. Table 7 shows the set of all prefixes and suffixes 
in Arabic language. The third stage is to find the infix by using root finder. The steps of 
the proposed algorithm can be summarized in the following steps: 

Step 1: Input Arabic text 

Step 2: Tokenize the Arabic text   

Step 3: Remove all punctuations “harakat “such as “fatha”,”damah” etc… 

Step 4: Remove prefixes and suffixes 

Step 5: Get word length and tokenize the word into letters. 

Step 6: If the word length = 4 then make intersections between letter and its 
position in Table 3. 

   If appear one “1” then remove the letter from the word and store the root, go to Step 9. 

   If appear two “1's”  then remove the first letter and store the root and pattern,  go to 
Step 9    

Table 6:  Letters position in the Word of length 7 
 

Pos/letter 1 2 3 4 5 6 7

1     2 ا إ آ أ  

2   ت     

2  س      
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Step 7: If the word length = 5 then make intersections between the letter and its 
position in the table: 

If appear one “2” remove the letter from the word which make intersection between 
it and position “2” and go to next letter. 

If appear one “1” remove the letter from the word which make intersection between 
it and position “1” and stop, store the root and go to Step 9 

Step 8: If the word length is 6 or 7 then repeat Step 7.  

Step 9: if no more words in the text then stop, otherwise go to Step 5. 

Figure1. The proposed algorithm 

 
 

Table 7: Set of all prefixes and suffixes in Arabic language 

Suffix Prefix Suffix Prefix 

وبال ه ان وال ال ي ها ه كال  و كا
بال ة ين لل ت يه ة وال  ل وس
فال ك ون سي ن هم ي فال  ب سي
آال و ات سا نا ت بال   لا
ولل ي هم ست ما ولل   وب
وسي ن هن سن وا مال   وت
وست ا ها كا يا كال   وم
وسن ت آم ني فا سال   لل
وسا  آن با هن لال   يا
ولا  نا ب   وا  
آم        

ولي  وا ل آن   ال  
  فا   تم  لي ولت   تم
ولن  ني لت تن   ول  
لن   تن ان   وي  
فت   ته      ين 
في   يه      ون 
فن   ما      ات 
           يا
           تا
           تك
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A Demonstration Example 

Given the word (token) "الكاتبون"  "the writers" "alkatbon", by applying the steps of 
the algorithm, the prefix is "ال" "al" and the suffix is "ون" "on", remove them and the 
word becomes "كاتب" "the writer" "kateb". Tokenize the word to single letters to become 
 b" make intersection between the letter and its position in" "ب","t" "ت","a" "ا", "k"   "ك"
the word in table 3,  the  value to letter "ك"   "k" is 0, the  value to letter  ,"ا " "a" is 1, the  
value to letter "ت" "t" is  0, the  value to letter "ب" "b" is 0, and based on the algorithm, 
we remove the letter that has the value 1 which is the letter  "ا " "a",  with the generation 
of  the root  "كتب" "write" "ktb".  

Conclusion 
A new stemmer algorithm based on the letters position in the Arabic word has been 

presented. The paper describes a new algorithm to find the roots and patterns for Arabic 
words based on excessive letter locations. The algorithm locates the triliteral root, 
quadri-literal root as well as the pentaliteral root. The algorithm is written with the goal 
of supporting natural language processing programs such as parsers and information 
retrieval systems. The algorithm has been tested using thousands of Arabic words taken 
from a corpus of 242 abstracts from the Proceedings of the Saudi Arabian National 
Computer Conferences. 

Human expert judgment were used to evaluate the results, the algorithm 
successfully extracts the proper roots with accuracy reaches to about 95%. The incorrect 
roots were analyzed and we found out that they belong to either a stop words or foreign 
words or words having a weak letters. As a future work we will try to modify the 
algorithm in order to handle the incorrect roots as much as possible. 
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  تطبيق بخوارزمية مجردة: تأثير موقع الأحرف في مفردات اللغة العربية
  

  غسان كنعان و فؤاد نور، سامح غوانمه، رياض الشلبي

  

  ملخص

يقدم البحث خوارزمية جديده تعنى بكيفية ايجاد جذر وتكرار كلمات اللغة العربية باستخدام تكرار 

تدعم الخوارزمية . الثلاثي او الرباعي وحتى الخماسيتعمل الخوارزمية على ايجاد الجذر . مواقع الأحرف

تم فحص الخوارزمية على الاف من كلمات . برامج معالجة اللغات الطبيعية ونظم طرق التنقيب عن البيانات

تم معالجة الجذور غير الصحيحه وتبين %  95اشارت النتائج الى دقه في الاداء قد تصل . اللغة العربية

  .عود الى كلمات الوقف في اللغهانها ت
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Abstract 
Retrieval systems accumulate a great range of documents, from abstracts, newspaper articles, 

and web pages to journal articles, books, court transcripts, and legislation. Collections of different 
types of documents represent shortcomings in current approaches toward ranking schemes. The 
use of short fragments of documents, called passages, instead of whole documents can overcome 
these shortcomings. Passage ranking provides suitable units of text, to be returned to the user, can 
avoid the difficulties of comparing documents of different lengths, and enables identification of 
short blocks of relevant material amongst otherwise irrelevant text. This paper proposes a new 
method of passage retrieval called fixed length arbitrary passage retrieval for Arabic documents. 
This method has been discussed, implemented, and evaluated. The experiment results show that 
ranking with fixed arbitrary passage gives substantial improvements in retrieval effectiveness over 
traditional document ranking schemes, particularly for queries on collections of long documents. 
Ranking with arbitrary passages shows consistent improvements compared to ranking with whole 
documents, and to ranking with other passage types. 

Keywords: Information retrieval, Passage retrieval,  Fixed length passage retrieval. 

Introduction: 

As the Internet and Digital Libraries become more and more popular, the growing 
number of documents has raised the problem called information overload. Typical search 
engines index billions of pages across a variety of categories, and return results ranked 
by expected topical relevance. But only a small percentage of these pages may be of a 
specific interest. 

The aim of the retrieval activity is not to retrieve a large number of documents. 
Rather, users are interested in a high helpfulness of the retrieved documents. Information 
Retrieval (IR) is the process of locating and retrieving documents relevant to a user's 
information need from a collection of documents. The user’s information need is 
presented to the IR system as a query which usually consists of a string of words. The IR 
system uses a matching mechanism to decide how closely a document is related to the 
query [28]. 
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An alternative to this model is the proposal of systems of IR that values the 
relevance of the documents in function of the relevance of the fragments or passages that 
forms them, where each passage is a group of contiguous text inside the document. This 
approach denominated passage retrieval, (PR), allows that the calculation of similarity is 
not affected excessively by the size of the document and can determine with more 
precision the part of the document that is more relevant to the question (It’s very 
important when the document has a great size) [4]. 

Current passage retrieval methods usually pre-segment documents into passages of 
fixed length [13]. A disadvantage of such kind of methods is that the passage length is 
not adaptive to specific query and specific document. 

The length of the most relevant passage in a document depends both on the specific 
query and the document itself. Therefore, ideally, a passage retrieval method should be 
able to retrieve variable length arbitrary passages from documents. The difficulty of 
variable-length passage retrieval lies on the large search space: for a document of n-word 
long, there are O(n2) possible passages to consider [10]. 

Systems that use technical of PR are more complex than systems of traditional IR. 
First, because they require store a more quantity of information for each one of the terms 
in the document (usually the position that occupies in the document) and in second 
place, that the number necessary calculations to evaluate the relevance of each one of the 
passages of the document is higher. Nevertheless, evaluations carried out in other works 
reflect that the increment of complexity is rewarded with better results [17]. 

Many types of passages have been proposed. Some passage types rely on the 
structural properties of documents such as sentences, paragraphs, and sections. Each of 
these individual structures are considered as passages or are used as building blocks for 
larger passages. Other passage types are based on topics derived by segmenting 
documents into single-topic units. Yet other passage types are based on fixed-length 
blocks effective arbitrary passage [30]. 

Passage-level access has several advantages over document-level access. First, if 
passages are relatively short they embody locality: if query words occur together in the 
passage they must be fairly close to each other. Second, passages are more convenient 
units for viewing and transmission than long documents, and, moreover, in cases such as 
databases of transcripts, there may be no clear separation of the text into discrete parts, 
that is, the concept of “document” may not even apply. Third, when used as a 
mechanism for document retrieval, passages can avoid the difficulties of discrimination 
between documents of varying lengths. Some similarity measures tend to favor short 
documents and thus can be ineffective for collections of documents of mixed lengths, 
whereas, for passages of uniform length, the problems of discrimination between 
documents of different lengths are less significant. Fourth, for presentation to a user, a 
short relevant piece of text may be more appropriate than a complete long document 
[11]. 

Our approach shows if information retrieval can be improved when documents are 
divided into fixed-length passages, evaluates the retrieval process for these fixed-length 
passages, and compares this evaluation with traditional document retrieval and other 
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types of passage retrieval. The approach segments the passages according to the query so 
fixed arbitrary passage known as query based retrieval.  

When composing the document into asset of windows that have the same size 
which called (fixed-length window), new calculation on passages and queries will take 
place, the similarity measures in traditional information retrieval was computed between 
the query and documents and ranked with the high similarity to the low similarity which 
can predefined (threshold), but in window based passage retrieval we will compute the 
similarity between the queries and set of document passage and assign the high 
similarity passage to the document similarity at the end of calculations, this significantly 
will improve retrieval process specially in the long document which have relevant 
section or passage but it hidden by the irrelevance of the document contains it. 

Previous work 
Marcin Kaszkiel and Justin Zobel [11] found that the improvement obtained by 

passage ranking compared with whole-document ranking varied depending on the 
passage type, collection, and query set, with the greatest improvements in average 
precision for passage ranking ranging from 20% to 50%. For text collections with 
uniform document lengths, the improvements did not exceed 7%. 

 Martin Kaszkiel and  Justin Zobel [12] worked on Passage Retrieval Revisited and 
they found that fixed-length arbitrary passage 150 words or more and starting at small 
intervals so that the passages heavily overlap-can give substantial improvements in 
effectiveness, particularly for collections of long documents. Fixed-length passages are 
simple, highly effective, and robust. 

Xiaoyong Liu and W. Bruce Croft [28]  worked on Passage Retrieval Based On 
Language Models The experiments were intended to help understand whether passage 
retrieval can be applied in the language modeling context, how they can be applied, and 
what value they can add. Their results suggested that passage retrieval can be 
successfully implemented in a language modeling environment. They tried various 
approaches to passage retrieval, all of which have produced comparable results with and 
sometimes significant improvements over full-length document retrieval. They 
concluded that passage retrieval can provide more reliable performance than full-length 
document retrieval in the language modeling context, especially when using relevance 
models which are a form of query expansion. 

Gordon et. al [5] worked on Passage-based query (MultiText experiments for 
TREC-6). They found that The MultiText System is distinguished by its support for 
arbitrary passage retrieval the retrieval of passages defined at query time rather than at 
build time. Previously, the TREC-5 work introduced an interactive method for query 
expansion and refinement based on the selection of terms from relevant passages. This 
method avoids any requirement for users to examine full documents by focusing 
attention on the portions of the documents that are likely to be of greatest interest. 

Jing Jiang and ChengXiang Zhai [10] worked on Passage Retrieval Using HMMs. 
They found that the HMM method can improve the boundaries of pre-segmented 
passages in terms of overall passage retrieval accuracy and recall, but at the price of 
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precision sometimes. However, due to the non-optimality of the relevance feedback 
procedure and the poor ranking performance based on passage scoring, the best of their 
passage runs is still worse than a whole document baseline run. 

W. Xi et. al.  [29] indicated that using a fixed window size of 50 gave better results 
than other window sizes for the TREC test collection. This window size yielded a 
significant retrieval improvement of 24% compared to using the whole document 
retrieval score. However, combining this window score and the whole document 
retrieval score did not yield a retrieval improvement. 

Callan [3] found that passages based on paragraph boundaries were less effective 
than passages based on overlapping fixed-length windows. This approach, eliminates the 
problems of relying on semantic or structural features of documents (e.g. paragraphs or 
sentences). 

A. Moffat [17] suggested that passages be obtained by partitioning documents into 
disjoint segments of roughly equal length. In these experiments, the passages were 
generated by gathering adjacent paragraphs until each agglomeration was at least some 
fixed number of bytes. Thus a page boundary always coincided with a paragraph 
boundary. Their experiments showed that retrieval based on passages with minimum 
length in the range 1000-2000 bytes (or roughly 150-300 words) was significantly more 
effective than whole-document retrieval. These results were based on the Federal 
Register (FR) sub collection of TREC, which contains many long documents. They 
further experimented with structured documents and found that the techniques they had 
developed for unstructured text could be used for structured documents almost without 
any change. 

G. Salton [20] used document features such as paragraphs and section boundaries 
for passage retrieval. They found that individual sentences could help determine the 
relevance of the whole document. They suggested using the document markup tags to 
determine passages (sections, paragraphs, sentences) in a two-pass method. First the 
overall or global similarity between the documents and query are calculated to obtain the 
whole-document retrieval score. Documents with scores exceeding a threshold are short-
listed and passage level evidence (local similarity scores) is used to refine the ordering. 
The short listed documents that contain a sufficient number of passages that are similar 
to the query are assumed to be relevant. They found that this approach improved 
retrieval effectiveness, although it may exclude long documents with only a small block 
of relevant material. 

Hearst and Plaunt [7] treated full-length documents as composed of a sequence of 
locally concentrated discussions. They suggested that passages consist of sequences of 
sentences, where the boundaries between passages or tiles were determined by 
automatically detected shift of topic. Their strategy was to divide the documents into 
motivated segments, retrieve the top-scoring 200 segments that most closely match the 
query according to the vector space model, and then sum the vectors for all segments 
that are from the same document. This causes the parts of the documents that are most 
similar to the queries to contribute to the final retrieval score for the document. This 
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approach was found to work significantly better than either whole-document retrieval or 
single segment retrieval. 

The Arabic Language 
Arabic, one of the six official languages of the United Nations, is the mother tongue 

of 300 million people. Unlike Latin-based alphabets, the orientation of writing in Arabic 
is from right-to-left. The Arabic alphabet consists of 28 letters. The Arabic alphabet can 
be extended to ninety by additional shapes, marks, and vowels. Most Arabic words are 
morphologically derived from a list of roots. The root is the bare verb form; it can be 
trilateral, quadrilateral, or pent lateral. Most of these roots are made up of three 
consonants. The Arabic language uses a root-and-pattern morph tactics; pattern can be 
thought of as template adhering to well-known rules. These patterns generate nouns and 
verbs. Roots are interdigitated with the patterns to form Arabic surface forms [9]. 

In Arabic morphology, most Arabic morphemes are comprised of a basic form of a 
word that is called the root, to which many affixes can be attached to form Arabic words. 
Unlike Indo-European languages such as English, the Arabic language is a highly 
inflected language. From an Arabic root, many surface forms can be derived. The 
surface forms of a word have great impact on a language like Arabic with a strong 
morphology since surface forms comprise at least two morphemes: a three consonantal 
root conveying semantic meaning and a word pattern carrying syntactic information. In 
addition to the different forms of the Arabic word that result from the derivational and 
inflectional process, most connectors, conjunctions, prepositions, pronouns, and 
possession forms are attached to the Arabic surface form. Table 1 illustrates some 
additional forms of the word (معلم) “teacher”. As shown, many letters are attached to the 
word (معلم) while in English they appear as separable form; thus, a query that contains 
the Arabic word )و المعلم(  “and the teacher” will not match any document that contains 
the Arabic words listed in Table 1 [9]. 

Table 1: Some of the variability of the word )معلم(  

Arabic word English counterparts 

 the teacher المعلم

 like the teacher آالمعلم

   for the teacher للمعلم

 by the teacher بالمعلم

  and teacher والمعلم

Dealing with natural languages has two major problems. The first problem is that 
different expressions may refer to the same meaning, for instance, “car” and “vehicle” or 
“TV” and “Television.” Even when the meaning may not be exactly the same, it may be 
necessary to treat these expressions as denoting the same meaning for text mining, 
especially when some of the synonyms are used infrequently, in order to avoid data 
sparseness, since a small number of appearances compared to others tend to be ignored 
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in the final output. Moreover, insertions of a single word such as “not” or alteration of 
word position may change the entire meaning of a sentence [9]. 

The second problem is that, because of the ambiguities in natural language, the 
same keyword may express entirely different meanings. For example, the word 
“Washington” may represent a person, place, or something else. The meaning of such 
polysemous words is normally determined according to their context [9]. 

Many definite articles, conjunctions, particles and other prefixes can attach to the 
beginning of a word, and large numbers of suffixes can attach to the end.  At a deeper 
level, most noun, adjective, and verb stems are derived from a few thousand roots  by  
infixing,  for  example,  creating words  like maktab  (office), kitaab  (book),  kutub  
(books),  kataba  (he wrote),  and  naktubu (we write), from the root ktb [24]. 

Thus, some of the most closely related forms such as singular and plural nouns are 
irregular, and are not related by simple affixing (prefixing and suffixing). This situation 
is seen in English for a tiny fraction of nouns and a small number of very frequent verbs, 
but is very common in Arabic [24]. 

For information retrieval, this abundance of forms means a greater likelihood of 
mismatch between the form of a word in a query and the forms found in documents 
relevant to the query. Distributional analysis of Arabic newspaper text show more words 
occurring only once and more distinct words than English text samples of comparable 
size. The  token  to  type  ratio  (mean  number  of occurrences  over  all  distinct words  
in  the  sample)  is  smaller  for Arabic texts than for comparably sized English texts.  
Stemming should therefore be very important for Arabic information retrieval [24]. 

Passage Retrieval 
The basic idea of a passage is that the document is divided into a number of 

paragraphs. These paragraphs are different in terms of number and length of words; the 
documents also contain a different number of paragraphs each with a different length. 

Documents sometimes talk about more than one subject, and the size of the 
document usually varies and is very large, therefore in the search process the search for a 
specific subject is carried out, in this case the related document retrieved, containing the 
desired topic, is sometimes very large. However what if the wanted topic is contained in 
a document that also has within it a number of other topics and the desired topic is at the 
end of the document? In this case the user usually reads the beginning of the document 
and takes the document as non relevant even though it is relevant. 

A passage is any sequence of text from a document. Query evaluation proceeds by 
identifying the passages in the document collection that are most similar to the query. 
Then either the documents containing the highest-ranked passages are returned to the 
user, or the passages are returned together with context information such as the titles of 
the documents and information about the location of the passages within the documents' 
structures [11]. 

A passage is a chunk of contiguous text belonging to a larger text. Passages are 
usually sentences, or sequences of sentences identified by punctuation marks, such as 
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full stop, or semi colons. As another approach, they may be represented by windows of a 
fixed number of words. The passage helps avoid the difficulties due to biasing 
documents of different lengths (i.e., document-length normalization problem), and 
enables identification of short blocks of relevant material amongst otherwise irrelevant 
text [26]. 

Sometimes the techniques of IR are also used to retrieve individual passages of 
documents (one or more sentences, paragraphs). In such cases the number of search 
terms found in a given sentence, together with their density (in terms of closeness in a 
sentence), is used to find relevant sentences [2]. 

1 Types of passage retrieval 
Many types of passage retrieval have been successfully used to retrieve documents. 

These types can be classified as discourse, semantic, and windows. 

1.1 Discourse Passages  
In general, a document can divided structurally or logically into divisions such as 

sentences, paragraphs, and sections. The discourse (or logical) components of a 
document can be regarded as passages [19]. This definition of passage is intuitive, since 
sentences should convey a single idea; paragraphs should be about one topic; and 
sections should be about one issue [15]. 

A problem with discourse passages is that they require a high degree of consistency 
between authors. Callan [3] observed that the structure of a document might be unrelated 
to its content, because documents can be structured in a particular way simply for 
presentation. Also, even though most documents are supplied with their structure, 
manual processing is required for those without it, thus making discourse passages 
impractical, as can be the case when a document is the output of a speech recognition 
system [18]. 

Another problem with discourse passages is that their length can vary, from very 
long to very short. In addition, long passages are likely to include more than one topic; 
retrieving long passages contradicts one of the main aims of passage retrieval [20]. 

1.2 Semantic passages 
An alternative approach is to segment documents into semantic passages, 

corresponding to the topical structure of documents [8]. 

The principal idea is to partition documents into segments, each corresponding to a 
topic or to a subtopic. It is therefore attractive to develop algorithms that derive 
segments based on topic or semantic properties [16]. Several such algorithms have been 
developed. An algorithm proposed in [31] that locates semantic boundaries based on 
detection of repetition of lexical items such as words or phrases. 

An advantage of semantic passages is that they can be applied even where the 
logical structure of documents is not explicit. This can be useful when, for example, 
documents have been created using OCR or speech recognition technology. Discovering 
a semantic passage is computationally expensive, but this cost is only incurred once. 
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However, the accuracy of segmentation as compared with human segmentation is not yet 
perfect [6]. 

1.3 Window based passages 
Structural properties of documents are not always explicit, retrieval requirements 

vary depending on the user need, and semantic segmentation can be inaccurate. An 
alternative to discourse and semantic passages is to break documents into passages of 
fixed length, often referred to as non-overlapped windows. If paragraph boundaries are 
known, they can be considered, but if they are not available, then passages can simply be 
defined as sequences of words [1]. 

The passage should be in a fixed range of sizes based on number of words, not too 
long or too short. Callan [3] used a word-based approach, by defining a passage, or a 
window, as a fixed-length sequence of words. 

The main advantage of window-based passages is that they are easy to construct, 
irrespective of the text. However, there are disadvantages. If window-based passages are 
retrieved and presented to the user, they are likely to be confusing unless additional 
information is presented, describing the context from which the passage has been 
selected; and window-based passages are static, since, once they are defined, they are 
also indexed [21]. 

2 Arbitrary passage retrieval  
The word “arbitrary” means that a passage can start at any word in the document. 

Two subclasses are further defined. Fixed-length arbitrary passages resemble overlapped 
windows but with an arbitrary starting point. Variable-length arbitrary passages can be 
of any length. Unlike structural, topical, and window passages which are typically 
predefined (defined before or at indexing time), arbitrary passages are defined at query 
time [11]. 

Arbitrary passages provide a case of query-time passages and have demonstrated, in 
standard IR setting, improved retrieval effectiveness over predefined passages [13]. 

F. Lopis et. al. [16] proposed arbitrary passages, which are independent of any 
structural or semantic properties. They showed that document retrieval using fixed-
length arbitrary passages is more effective in all cases than whole document ranking, and 
that retrieval effectiveness is consistent for a reasonable range of passage lengths. For 
text databases of uniform document length, where previous passage types had little 
impact on retrieval effectiveness, fixed-length passages can show significant 
improvement. Furthermore, comparing the results for individual queries shows that 
retrieval using fixed-length passages reduces the number of queries with decreased 
retrieval effectiveness, in contrast to other definitions of passage. 

Arbitrary passages, of either fixed or variable length, present considerable problems 
for practical query evaluation. A particular difficulty in either case is the number of 
distinct entities to be ranked. In traditional ranked query evaluation [3], an accumulator 
is allocated to each document in the collection. As the query terms are precede, the 
accumulator of each document containing each query term is updated so that at any stage 
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it holds a partial sum representing the numerator in the cosine measure. At the 
completion of processing of query terms the accumulators are normalized by the 
respective document lengths, then a partial sort is used to extract the highest similarity 
values [24]. 

2.1 Fixed-length arbitrary passages 
To explore whether better passage selection is possible, arbitrary passage was 

defined in [11] as being any sequence of words of any length starting at any word in the 
document. The locations and dimensions of passages are delayed until the query is 
evaluated, so that the similarity of the highest-ranked sequence of words, from anywhere 
in the document, defines the passage to be retrieved, or, in the case of document 
retrieval, determines the document's similarity. Two subclasses are defined, fixed-length 
passages, where the length of the passage is set before query evaluation, and variable-
length passages, where passages can be of any length. 

The definition of fixed-length arbitrary passages is similar to the sliding window 
used by Callan [3], who defines the first sliding window in each document as starting at 
the first occurrence of a query term. Subsequent windows half-overlap preceding ones. 
Sliding window and fixed-length arbitrary passages are similar, but there is a distinctive 
difference: the number of possible passages in a document using sliding windows 
depends on passage length the longer the sliding window the smaller the number of 
passages. In contrast, fixed-length arbitrary passages can start at any word in the 
document. 

Fixed-length arbitrary passages do have one serious drawback: naively 
implemented, the cost of ranking passages is high. The number of candidates for 
passages in a collection is much larger than the number for documents or predefined 
passages, and so ranking is more expensive, and impractical. However, the separate 
exploration of the issue of efficient passage ranking shows that it is practical on a 
desktop machine [14]. 

With conventional ranking algorithms, passage ranking can be extremely costly; it 
is not feasible, for example, to use the strategy of allocating an accumulator to each unit 
to be ranked. It has been found in [14] that the costs of passage ranking can be greatly 
reduced by employing strategies to rapidly identify a small number of passages for 
which it is worthwhile computing a similarity; these are the passages containing the 
rarest query terms. By using efficient document-ordered merging of inverted lists for 
rare terms to choose passages, then using efficient term-ordered list intersections to 
complete the similarity computation, passages can be ranked in only a small multiple of 
the time required for document ranking. 

2.2 Variable-length arbitrary passage retrieval 
A variable-length passage is of any length that is determined by the best passage in 

a document, when the query is evaluated [11]. 

The studies of retrieval results for individual queries showed that no particular 
length was superior. That is, for queries of the same type, one passage length worked 
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best for some queries but not for others. A solution to the limitations of fixed-length 
arbitrary passages is to select a passage length most likely to suit the query. The best 
passage length can also depend on the documents ranked. For example, given a query, 
we could find two long documents, where in one the start of document or the abstract is 
relevant, and in the other a 400-word section is relevant. Adjusting the passage length to 
the type of text should result in improved retrieval [11]. 

Therefore, a more flexible approach would be to extract passages of different 
lengths, and select the best one to represent each document. This approach is referred to 
as variable-length arbitrary passage retrieval [14]. 

A variable-length arbitrary passage ranking is similar to locality-based retrieval, as 
proposed by de Kretser [32], where document boundaries are ignored and text is treated 
as a continuous sequence of words. The similarity scores for passages are according to 
how many query term occurrences appear near to each other. Shape, height, and spread 
of a function is used to calculate the contribution of query terms to text regions. High-
scoring regions are identified and passages that contain them retrieved. In this approach, 
the length of the passages depends on a scoring function and the corresponding 
parameters are used to identify text regions. The parameters used in the function need to 
be adjusted for different collections and query sets. No consistent results for any 
functions were reported [16].  

In fixed-length passage retrieval the similarity of each passage is calculated 
independent of its length. Thus, documents are ranked according to the best passage 
from each document. However, for variable-length passage ranking, documents are 
represented by passages of different lengths, so there are two related problems: first, how 
to discriminate between passages of different lengths in the same document; second, 
how to discriminate between passages of different lengths drawn from different 
documents [25]. 

The proposed system 
This system is written in Microsoft VB 6.0 on a Windows XP PC (Pentium VI 2.8 

GHz with 256 MB RAM). The aim of this system is to achieve results comparable to the 
literature with previous work tests. The system has been implemented as a Graphical 
User Interface. 

Fixed-length arbitrary passage retrieval uses sliding window of size n, where n is 
the number of terms in the window. The proposed system, which uses fixed–length 
arbitrary passage retrieval, takes the query words and searches for the first appearance in 
the document then segments it into a set of windows (passages), not like Overlapping 
window that takes the whole document and segments it to a set of windows (passages).  
For example, if the window size was 50 words and the first word in the query appears at 
position 5 in the document then the first passage will start at term 5 to term 55, the next 
passage will start at term 30 to term 80, and so on. But in Overlapping window, if the 
window size was 50, the first passage will start at term 1 to term 50, the next passage 
will start at term 51 to term 100, and so on.  After segmentation, the weight is calculated 
for each term in the passage and compute the similarity between document and passages, 
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then assign the highest similarity to the document. The detailed steps of the algorithm 
are as follows:  

1. Read the entire documents from the corpus which contains 110 documents.  

2. For each document, the system removes the stop words, punctuation marks, and 
removes any word that has length less than or equal to 2. 

3. Apply stemming to the terms in the document. 

4. Take the terms and the associated document number and store the in one 
dimension array (array of records). 

5. Enter the query and the window size and the threshold required. 

6. For each query, the system reads the terms of the query then removes the stop 
words, punctuation marks, and any word that has length less than or equal to 2, 
and then the system applies stemming to the terms in the query. 

7. The system begins from the first term in the document and searches for it in the 
query terms. If it is not found it takes the second term then the third until it finds 
the term in the query, then it begins to fragment the document into passages 
according to the window size. 

8. Any number of terms that appear within the specified window size will be 
considered as a passage and complete the fragmentation until the last document 
in the corpus. 

9. Assign weight for each term in the passage and query using the following 
formulas [14]   

Wp,t  =1+loge (1+ loge (freqp,t +1)) 

Wq,t  = freqq,t *loge ((N- freqt) / freqt)) 

           Where: 

freqp,t  is the number of appearance or the frequency of term t in the passage. 

freqt  is the number of different documents that contain term t . 

10. Calculate the similarity between each passage and the query, sim(Q,P),  
according to  

∑
∧∈

•
PQt

twPtwQ ),,(
 

 

11. The document similarity is the maximum value of the similarities between the      
   query and any passage in the document:    
    
          sim(Q,D)= Max { sim (Q,Pi) }. 
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12. Rank the retrieved documents according to the similarity computed in the 
pervious step. 

13. A passage is considered relevant if its similarity value with the query has a 
value greater than or equal to the threshold. 

14. Evaluate the retrieved documents using recall and precision measures. 

 Recall =     Number of relevant document retrieved  

                               Number of total relevant  

 

  Precision =  Number of relevant document retrieved 

    Number of total retrieved 

15. Calculate the average precision for all queries and graph the results. 

16. Select another window size and repeat the steps 9-16. 

Traditional Information Retrieval goes through the following steps [1]: 

1. Remove the stop words from the collection of documents using an Arabic stop 
word removal application that has 95% accuracy. 

2. Apply stemming to the terms in the document after removing the stop words. 

3. Assign weight for Each term in the document 
 ( )dfiDtfiwi /log*=        

Where 

tfi = term frequency (term counts) or number of times a term i        
        occurs in a document.  

dfi = document frequency or number of documents containing  
                   termi. 

           D = number of documents in a collection. 

4. Assign weight for Each term in the query   

 

 
 Where: 

freqiq: is the frequency of the term i in the query q  

Max-freqij: is the highest frequency term in the query 

 

(N/ni)log*max/freq5.05.0 -freq ij iqwiq +=
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5. Calculate the similarity between the document and query using the cosine 

similarity measure  

6. Rank the retrieved documents according to the high similarity. 

7. Evaluate the retrieved document by using recall-precision measures; we repeat 
these steps for all the queries in the system.  

Recall =   Number of relevant document retrieved  

                        Number of total relevant  

Precision = Number of relevant document retrieved 

       Number of total retrieved 

8. Calculate the average precision for all queries and graph the results. 

System evaluation  
A set of 110 Arabic documents from different areas of topics have been tested such 

as computer science, Arabic language, economy, and information technology. Fifteen 
queries have been used with three window sizes 10, 20, and 30 terms. 

Using window size of 10 terms, the recall and precision are calculated for each 
passage. Table 2 and Figure 1 show the average precision for each recall level. 
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Table 2: Average recall–precision for window size 10 terms 

Recall level Average precision 

0 0.768933333 

0.1 0.692117647 

0.2 0.7318 

0.3 0.7156 

0.4 0.669764706 

0.5 0.6338 

0.6 0.5898 

0.7 0.562833333 

0.8 0.5308 

0.9 0.4372 

1.0 0.422866667 
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         Figure 1: Average recall–precision for window size 10 terms 
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Using window size of 20 terms, the recall and precision are calculated for each 
passage. Table 3 and Figure 2 show the average precision for each recall level. 

Table 3: Average recall –precision for window size 20 terms 

Recall level Average precision

0 0.866666667

0.1 0.722411765

0.2 0.683733333

0.3 0.688933333

0.4 0.656235294

0.5 0.655133333

0.6 0.603686667

0.7 0.578866667

0.8 0.551333333

0.9 0.4512 

1.0 0.4238 
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            Figure 2: Average recall –precision for window size 20 terms  
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Using window size of 30 terms, the recall and precision are calculated for each 
passage. Table 4 and Figure 3 show the average precision for each recall level. 

Table 4: Average recall–precision for window size 30 terms 

Recall level Average precision 

0 0.82 

0.1 0.746117647 

0.2 0.683666667 

0.3 0.671466667 

0.4 0.658294118 

0.5 0.6362 

0.6 0.5774 

0.7 0.568933333 

0.8 0.549333333 

0.9 0.466533333 

1.0 0.432933333 
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Figure 3: Average recall–precision for window size 30 terms 
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Figure 4 shows the experiment results that compares between overlapping, half-
overlapping, traditional retrieval, and fixed-length arbitrary passage retrieval for a 
window of size 10. It can be seen that the fixed-length arbitrary passage retrieval method 
has better results compared to other windows types and significantly better that the 
traditional retrieval. 

Figure 4: Comparing traditional retrieval, half overlapping, full overlapping and fixed-
length arbitrary passage retrieval for window size 10. 

Figure 5: shows the experiment results that compares between overlapping, half-
overlapping, traditional retrieval, and fixed-length arbitrary passage retrieval for a 
window of size 20. Notice that the fixed-length arbitrary passage retrieval method has 
better results compared to the traditional retrieval and the other windows types. 
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Figure 5: Comparing traditional retrieval, half overlapping, full overlapping and 
fixed-length arbitrary passage retrieval for window size 20. 

Figure 6 shows the experiment results that compares between overlapping, half-
overlapping, traditional retrieval, and fixed-length arbitrary passage retrieval for a 
window of size 30. It can be seen that the fixed-length arbitrary passage retrieval method 
has better results compared to the traditional retrieval and the other windows types. 

Table 5 shows the percentage of precision improvement using fixed-length arbitrary 
passage over the aforementioned windows types in addition to the traditional retrieval. It 
can be seen that the proposed method has a significant improvement over the traditional 
retrieval when using window sizes of 10, 20, and 30 terms. In the other hand, the 
proposed method shows acceptable improvement over the other window types. This is 
due to the fact that fixed-length arbitrary passage depends on the query terms, this makes 
the retrieval process more efficient and outperforms the mentioned window types and the 
traditional retrieval. 
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Figure 6: Comparing traditional retrieval, half overlapping, full overlapping and 
fixed-length arbitrary passage retrieval for window size 30. 

Table 5: precision improvement using fixed-length arbitrary passage 

Window size 
Precision Improvement 

Half-overlapping Full-overlapping Traditional retrieval 

10 4.2% 4.5% 16.2% 

20 4.1% 4.3% 15.4% 

30 3.75% 3.85% 15% 

Conclusion  
The aim of this study is to compare fixed–length arbitrary passage retrieval with 

overlapping window-based passage retrieval, half-overlapping window passage retrieval, 
and traditional information system. The experiment showed that using fixed–length 
arbitrary passage retrieval with a size of 10 terms produced the best result compared with 
the other windows sizes. This yields a significant improvement of 16.2% over traditional 
retrieval, and 4.2% over half-overlapping, and 4.5% over full-overlapping. This results is 
not standard for different other collection. Fixed–length arbitrary passage retrieval on 
long queries gives better results than on short queries. Since fixed-length arbitrary 
passage depends on the query terms, this makes the retrieval process more efficient and 
outperforms the mentioned window types beside the traditional retrieval. 
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استخدام الوثائق القصيره بالاعتماد على النوافذ  محدودة الحجم لاسترجاع المعلومات 
 في اللغه العربية

 

  الشناق معاوية، غسان كنعان، رياض الشلبي و عوني الحموري

 

  لخصم

تستخدم انظمه استرجاع المعلومات كم هائل من الوثائق والملخصات والصحف وصفحات الويب 

هذا الكم الهائل من المعلومات ألمجمعه من مختلف المصادر تشكل جميع . والمقالات والمجلات والكتب 

 إن استعمال  الوثائق . الأنواع المختلفة للوثائق المتعارف عليها

استخدام الوثائق الكاملة لغايات استرجاع المعلومات يساعد على تصنيف وترتيب  القصيرة بدلا من   

 الوثائق القصيرة إلى وحدات مناسبة في النص لكي يتم استرجاعها إلى 

المستخدم حيث تمكننا هذه ألطريقه من التغلب على الصعوبات الموجودة باستخدام الوثائق الكاملة 

  .المختلفة الأطوال

تم دراسة نوع جديد من الوثائق القصيرة وهو ما يسمى باسترجاع الوثائق القصيرة  في هذا البحث

باستخدام نوافذ محدودة الحجم وتطبيقها على اللغة العربية ومن خلال الدراسة تم استنتاج أن استرجاع 

مات المعلومات باستخدام الوثائق القصيرة للنوافذ محدودة الحجم قد عمل على تحسين استرجاع المعلو

 .بشكل أفضل مقارنه مع استرجاع المعلومات باستخدام الطرق التقليدية 
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Abstract 
This study aimed to measure the natural radioactivity concentration in soil, air and in the 

dwelling of Eidon area. The study began in late of winter and ended in the beginning of spring. 
The study results show that radon concentration in soil increases with depth. The averages were 
4.62+0.053 kBq/m3 and 9.35+0.01 kBq/m3 at depths of 30 cm and 60 cm, respectively. We found 
that, the mean value of radon concentration was 98.1 Bq/m3 in rooms without ventilation while it 
was 58.3 Bq/m3 in well-ventilated rooms (18-24 hours daily). The averages were 61.8, 73.6 and 
67.5 Bq/m3 in the living rooms, bedrooms and kitchens, respectively. In addition to that, the radon 
concentration was found to be higher in buildings made of stones (81.3 Bq/m3) than those made of 
blocks (57.9 Bq/m3). On the average, the radon concentration in Eidon was found to be 60.4 Bq/m3 
with the mean value of the risk of lung cancer was 3.3 × 10-3. 

Keywords: Radon concentration; Dosimeter, CR-39 detectors; Radioactivity; Soil. 

Introduction: 

Humans have been exposed to radiation from natural sources since the dawn of 
time. The sources include the ground we walk on, the air we breathe, the food we eat and 
the solar system on the whole. Everything in our space contains small amounts of 
radioactive atoms like Radium 226, Radon 222 and Potassium 40. These are either left 
over from the creation of the universe (like Uranium and Radium) or made by interaction 
with cosmic radiation (like Carbon 14 and Tritium)                           

The natural sources of radiation make up approximately 87 percent of the average 
annual dose to the public. The exposure to natural radioactivity affects the human health 
where radon and its decay products nowadays are considered to be the second leading 
cause of lung cancer in the United States [1]. In fact, most of our actual dose comes from 
the decay products of radon since these radon daughters are heavy particles and not 
gases so can easily be deposited onto the tissues of our lungs as we breathe, and since 
their half life times are very short they have a good chance of decaying before our lungs 
can get rid of them, resulting in undesirable radioactive dose. Therefore, monitoring 
radon gas inside the dwellings and in the soil surrounding them becomes extremely 
important for the cause of human health. However, radon surveillance program in Jordan 
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was going on since the beginning of 1990’s. Many Jordanian scientists had measured 
radon concentrations in air inside dwellings [2-8,16].  In addition to that, the 
concentrations of radon in soil were measured in some regions of Jordan [5] and radon 
exhalation rates from building materials were measured too [9,10].  

Most of these works were carried out by using time-integrated passive dosimeters 
containing solid state nuclear track detectors (SSNTDs) like CR-39. This kind of 
technique was found to be the most appropriate one and most widely used because of its 
simplicity as well as the economy of the technique, besides the ability of such monitors 
to average out –by virtue of integration over a period- the effects of seasonal and 
environmental-related variations in radon levels in the dwellings [11,12,15]. The CR-39 
detectors are more sensitive to alpha particles. They can detect alpha particles with 
energies from about 0.1 MeV to about 20 MeV.  

In this work, we present the results of radon surveillance in Eidon town (north of 
Jordan) for radon levels inside dwellings and in soil too.    

Measurement Technique  
In our survey we divided the Eidon area into five regions coded by E (Eastern), W 

(Western), N (Northern), A (Alia) and C (Central) region, where 466 pre-calibrated 
passive dosimeters (in the School of Physics and Space Research at Birmingham 
University, England) containing CR-39 detectors of high quality were distributed 
randomly among the dwellings of the different regions and in soil surrounding them at 
depths of 30 and 60cm. Inside each dwelling, the dosimeters were placed at 2m above 
the floor in the bedroom, living room and in the kitchen. The structure of these 
dosimeters had been described in previous study [2,3]. 

On the other hand, monitoring radon in subsoil was carried out by putting the 
dosimeters upside-down in the bottom of hole in the soil at a depth of 50 cm, protected 
by PVC tubes inserted in the cavities. The soil dosimeters were collected after two 
weeks of exposure while the indoor dosimeters lasted for three months.  The collected 
dosimeters were chemically etched using 30% KOH for 8 hours at 700 C, and an optical 
microscope was used to count the number of tracks per cm2 registered on each detector.                               

The radon activity density C, in units of Bq/m3, is then calculated using the 
following formula [6]:                     

t
tCC
o

oo

ρ
ρ

=  ------------------------------------------------------------------------------ (1) 

where Co is the radon activity density of the calibration chamber (90 kBq/m3), to is 
the calibration exposure time (48 hours), ρ is the measured track number density per cm2 
on the CR-39 detectors inside the dosimeters used in the study, ρo is the measured track 
number density per cm2 on those of the calibrated dosimeters and t is the exposure time. 
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Results and Discussion 
The results of our work along with the statistical errors are presented in Tables 1-7. 

The average value of radon concentration inside the dwellings was found to be 
60.4±12.3 Bq/m3, which is nearly the same level as that of our national average. While 
the mean values of radon levels in soil were 4.62±0.053 kBq/m3 and 9.35±0.01 kBq/m3 
at depths of 30cm and 60cm, respectively.   

Table (1) presents the overall radon concentrations inside dwellings in the five 
regions of the study area regardless of the type of building materials, ventilation and 
other factors that affect the radon level in air inside the dwellings. The Western region 
(W) was found to have the lowest radon level (57.8±12.99 Bq/m3 in average), while the 
Central one (C) had the highest level of radon concentration (79.8±11.86 Bq/m3 in 
average). These results seem to be fairly reasonable since the Western region is 
relatively the highest region in Eidon area with relatively higher wind speed. On the 
other hand the Central region is characterized by crowded buildings and considered to be 
the lowest region in the area. 

 

Table 1: Concentrations of radon in the five regions of Eidon area. 
Region Code Concentration (Bq/m3) 

Maximum        Minimum          Average 
Standard Deviation 

W 144.0 33.6 57.8 12.99 
A 106.0 32.4 59.3 14.61 
E 121.0 35.1 65.2 11.75 
N 249.5 41.7 73.9 11.57 
C 203.6 32.3 79.8 11.86 

Table (2) shows that the mean value of radon concentration inside the ground floors 
of the dwellings varies from room to room where we note that the type of use of the 
room has an effect on the radon level, the average values of radon activity were 
61.8±12.3, 73.6±11.5 and 67.5±12.6 Bq/m3 in the living rooms, bedrooms and kitchens, 
respectively. It is clear that the radon concentration is relatively high in bedrooms and 
low in the living rooms. This is because the residents usually spend most of the daytime 
in the living rooms and consequently need more ventilation while the bedrooms kept 
closed most of the time and did not get enough ventilation.   

 

Table 2: Radon levels in air inside different rooms. 
Room Concentration (Bq/m3) 

Maximum              Minimum          Average 
Standard 
Deviation 

Bedroom 249.5 34.2 73.6 11.57 
Living room 191.2 32.3 61.8 12.34 

Kitchen 217.3 33.6 67.5 12.62 

Table (3) showed that the radon concentration level was relatively high 81.3±11.8 
Bq/m3 in buildings made of stones while concentration was low 57.9±13.0 Bq/m3 in 
buildings made of blocks. This can be attributed to the fact that some of the stones used 
in structure of buildings contain a small amount of radium [10].  
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