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Abstract: Constraint programming is the study of system which is based on constraints. The solution of a constraint satisfaction problem is a set of 
variable value assignments, which satisfies all members of the set of constraints in the CSP. In this paper the application of constraint satisfaction 
programming is used in predicting the path loss of various indoor propagation models using chronological backtrack algorithm, which is basic 
algorithm of CSP. After predicting the path loss at different set of parameters such as frequencies (f), floor attenuation factor (FAF), path loss 
coefficient (n), we find the optimum set of parameter frequency (f), floor attenuation factor (FAF), path loss coefficient(n) at which the path loss is 
minimum. The Branch and bound algorithm is used to optimize the constraint satisfaction problem. 
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1.  INTRODUCTION 
 

 Various research into adaptive algorithm has concerned to 
find the heuristics which is best suited for solving particular problems 
from a set of completely specified heuristics. In last few years, the 
constraint satisfaction programming (CSP) has attracted high attention 
among experts from many years because of its potential for solving 
problems. The constraint satisfaction programming approach has been 
widely used in many academics and research parlance to tackle wide 
range of search problem. It is defined by finite set of variables, a set of 
domain and constraints [1]. All CSPs are characterized by the inclusion 
of a finite set of variables; a set of domain values for each variable; and 
a set of constraints that are only satisfied by assigning particular domain 
values to the problem’s variables [2]. The CSP deals with the set of 
values from its domain to the variable in order that no constraint is 
violated.  

A CSP problem includes some variables, and valid values for 
those variables (we call it domain of the variables) and conflict tables. 
We must find a solution to assign values to all the variables and those 
values must satisfy the conflict tables [3]. There are currently two 
branches of constraint programming, namely constraint satisfaction and 
constraint solving. 

Constraint satisfaction deals with the problem defined over 
finite domain, on the other hand constraint solving algorithm are based 
on mathematical techniques. The constraint satisfaction programming 
(CSP) offers its basic algorithm like backtracking and branch and 
bound algorithm to solve and optimize the problem. Constraints 
satisfaction algorithm can be viewed as an iterative procedure that 
repeatedly assigns domain value to the variables [4]. 

In this paper problem of finding the path loss of various 
Empirical indoor wireless propagation models in different environment 
has been stated as a CSP (constraint satisfaction problem) and has been 

solved by chronological backtracking algorithm. The branch and bound 
algorithm then used to optimize the constraint satisfaction problem. 

Importance of propagation model is discussed in section II. In 
section III, methodology and basic algorithm of CSP is explained. 
Result of indoor model is discussed in section IV.  

 
2. PROPAGATION MODEL 

 
 Nowadays cellular phones are used widely for the 
communication. The number of people using cell phone increases 
rapidly. Therefore, for an indoor environment an efficient planning and 
development is surely essential. For the design of indoor wireless 
services the knowledge of the signal propagation in different 
environment is demanded. The need for high capacity networks, 
estimating coverage accurately has become extremely important. 
Therefore, for more accurate design, signal strength measurement and 
the path loss measurement must be taken into consideration. 
Propagation models are used extensively in network planning, 
particularly for conducting feasibility studies and during initial 
deployment.  Propagation models in wireless communication 
have focused on predicting the average received signal strength at a 
given distance from the transmitter as well as the variability of the 
signal strength in close proximity to a particular location. Propagation 
models that predict the mean signal strength for an arbitrary transmitter 
– receiver separation distance are useful in estimating the radio 
coverage area of transmitter. Propagation model that characterize the 
rapid fluctuation of the received signal strength over very short travel 
distances or short time duration are called small scale or fading models. 
As mobile moves over very small distances, the instantaneous received 
signal strength may fluctuate rapidly giving rise to small scale fading 
[5]. 
 These models can be broadly categorized into three types: 
empirical, deterministic and stochastic. Empirical models are based on 
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observation and measurement alone. These are mainly used to predict 
path loss [6].  Empirical models use measurement data to model a path 
loss equation. To conceive these models, a relationship is found 
between the received signal strength and other parameters such as 
distance, path loss exponent, floor loss attenuation factor. The main 
complexity to model indoor propagation channel is its sensitiveness to 
indoor environment and less probability of line-of-sight. 
 In this paper, the concept of constraint satisfaction 
programming has been implemented on indoor wireless propagation 
models in order to predicting and optimizing the propagation loss. 

Two types of partitions in a building are very important hard 
and soft partitions. Hard partitions are immobile structures formed as a 
part of building. Soft partitions can be moved and do not span from the 
floor to the ceiling. One slope model is the simplest model for 
determining the path loss in indoor propagation. But it uses distance 
only to calculate the losses. It does not count floor attenuation, wall 
attenuation in calculation. It is found that penetration loss due to floor 
decreases as number of floors increase [5]. 

Two indoor models, distance dependent path loss model and 
floor attenuation factor path loss model have been developed. These 
models have been developed based on the number of floors between 
transmitter and receiver. The path loss depends upon different obstacles 
between transmitter and receivers. 

 
3.  METHODOLOGY OF CSP 

 
 Constraint satisfaction problems (CSPs) representing 
problems to form a class of models that have a common properties, a 
set of variables and a set of constraints. A solution to a CSP is a set of 
variable value assignments, which satisfies all members of the set of 
constraints in the CSP. In some situations, it is not possible to find a 
solution satisfy all the constraints belonging to a CSP. Such problems 
are termed as over constrained problems [7]. The algorithms or 
techniques that use in constraint satisfaction depend on the kind of 
constraint being considered. The two algorithms of CSP, chronological 
backtracking and branch and bound which are used to solve and 
optimize the wireless empirical propagation models are explained as 
below:-  
Backtracking algorithm: 
 Backtracking is the basic algorithm to solve CSP. In every 
step, find a valid value to assign to current variable. If a valid value is 
found, assign it to current variable and go to next step. If there's no any 
valid value, back-track to the last variable to assign another value that 
can lead to the success of finding valid value for current variable [3].  
The term backtracking search is used for a depth-first search that 
chooses values for one variable at a time and backtracks when a 
variable has no legal values left to assign. In context with the wireless 
empirical propagation model, we have different types of variables, such 
as frequency (f), distance (d), path loss exponent (n) etc. After 
implementation of the backtrack algorithm, we find the path loss of 
empirical propagation model at different set Frequency(f), distance (d), 
path loss exponent (n) and floor attenuation factor (FAF). Now after 
finding the path loss for different set of parameters, we have to find that 
particular set of parameter at which propagation loss is minimum. For 
this optimization CSP provides an optimization algorithm called branch 
and bound algorithm which may be explained as below.  

Branch and Bound Algorithm: 
A constraint satisfaction optimization problem (CSOP) is 

defined as CSP, together with an optimization function f. So constraint 
satisfaction optimization problem is written as: (X, D, C, f) where (X, 
D, C) represent CSP with a set of variables (X), domain (D) and 
constraints(C) and f is the optimization function. A bound is nothing 
but a global variable which is defined according to the minimization or 
maximization problem, it depends upon the case that either problem 
needs minimum or maximum value of the function [4]. The branch and 
bound algorithm in empirical wireless propagation models is used to 
find that particular set of frequency(f), the distance (d), path loss 
exponent (n) and floor attenuation factor (FAF) at which propagation 
loss is minimum. After all the variables are labeled the calculated value 
of path loss is taken as the f value in branch and bound algorithm. This 
f value in branch and bound algorithm is compared with the estimated 
value of the global variable (bound), and if this computed f value is less 
than the value of the existing bound, it will become the new bound. 
This procedure will carry on until and unless a minimum value is found 
and reverse of this procedure is used if we have to find the maximum 
value [4]. 

A constraint satisfaction problem is defined as tuple {X,D,C} 
where, 

 X is a finite set of variables, 
 D is a finite set of domains, one domain is assigned 

for each variable, and 
 C is the finite set of constraints that restrict certain 

value assignments [8]. 
 Domains of variables are: frequency, distance, path loss 
exponent and floor attenuation factor. Constraint is the path loss. 

 
 
 

4.  RESULT & DISCUSSION 
 

 Among numerous propagation models, the following are the 
most significant ones. The indoor propagation models are: 
 i. ITU indoor propagation model 
            ii. Distance dependent path loss model 
           iii. Floor attenuation factor path loss model 

i. ITU indoor propagation model: 

 Let us analyse the indoor propagation model by taking an 
example of ITU indoor propagation model. It is also known as ITU 
model for indoor attenuation. It is a radio propagation model that 
estimates the path loss inside a room or a closed area inside a building. 
This model is applicable for the frequency range of 900 MHz to 5.2 
GHz. The ITU indoor path loss model is defined as, 

L = 20 log f + N log d + Pf(n) – 28                (1) 
Where, 

N is the distance power loss coefficient. 
n is the number of floors between the transmitter and receiver. 
Pf (n) is the floor loss penetration factor 
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For series 1:  
f(MHz)  d(m) N Pf 
915  1-5 1 30 
For series 2: 
f(MHz)  d(m) N Pf 
915  1-5 1 33 
For series 3: 
f(MHz)  d(m) N Pf 
1900  1-5 1 30 
For series 4: 
f(MHz)  d(m) N Pf 
2400  1-5 1 30 
 

 
Figure 1- Analysis of path loss in ITU indoor propagation model  

 From the graphical analysis of figure 1 it can be concluded 
that the path loss is increased as the distance is increase, as well as floor 
loss penetration factor increase. It is clear that there is a high increment 
in the path loss when frequency is changes from 915 MHz to 2400 
MHz. 

 

ii. Distance dependent path loss model: 

 A model used in [9] shows that mean path loss increases 
exponentially with distance, i.e.,  

PLതതതത(d) ∝ ( ୢ
ୢబ

)n                  (2) 

 Where PLതതതത is the mean path loss and n is the mean path loss 
exponent which indicates the path loss increases exponentially with 
distance. Absolute mean path loss in decibels is defined as the addition 
of the path loss at a reference distance d0 and some additional path loss 
in decibels. 

PLതതതത(d)[dB] = PL(d0)[dB] + 10 Χ n Χ log10( ୢ
ୢబ

)              (3)
 For this, reference distance is chosen as 1 m and assume that 
PL(d0) is due to free space propagation from the transmitter to a 1 m 

reference distance. This leads to 31.67 dB path loss at 915 MHz over a 
reference distance free space path. The value of n depends on the 
specific propagation environment. For example, in free space, n is equal 
to 2, and when obstructions are present, n will have larger value. Table 
[5] lists path loss exponent obtained in different mobile radio 
environment. 

Table 1. Path loss exponent in different mobile radio 
environment 

Environment Path Loss 
Exponent, n  

  
Free space 2 
Urban are cellular radio 2.7 to 3.5 
Shadowed urban cellular radio 3 to 5 
In building line-of-sight 1.6 to 1.8 
Obstructed in building 4 to 6 
Obstructed in factories      2 to 3 

  
For series 1: 
f(MHz)  d(m)  n 
915  1-5  2 
For series 2: 
f(MHz)  d(m)  n 
915  1-5  4 
For series 3: 
f(MHz)  d(m)  n 
1900  1-5  4 
For series 4: 
f(MHz)  d(m)  n 
2400  1-5  2 
 

 
Figure 2- Analysis of path loss in distance dependent path loss 
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 From the figure 2, it is clear that the mean path loss in 
distance dependent path loss model increases exponentially with 
distance. It can also be seen that it is depends on the path loss exponent. 
The value of n depends on the specific propagation environment. 
 
iii. Floor attenuation factor path loss model: 
 
 The path loss in multi-floored environments is predicted by a 
mean path loss exponent that is a function of the number of floors 
between transmitter and receiver. The value of path loss exponent n 
(multifloor) is taken from [5]. 
 
PLതതതത(d)[dB] = PL(d0)[dB] + 10 Χ n(multifloor) Χ log10( ୢ

ୢబ
)       (4) 

 The path loss in same floor environment is predicted by a 
constant floor attenuation factor (in dB). FAF is a function of the 
number of floors and building type. This FAF is basically added to the 
mean path loss predicted by a path loss model which uses the same 
floor path loss exponent for a particular building type. The value of path 
loss exponent n(same floor) is taken from [5].  
 
PLതതതത(d)[dB] = PL(d0)[dB] + 10 Χ n(same floor) Χ log10( ୢ

ୢబ
) + FAF[dB]

                   (5)        
 The attenuation between one floor of the building is greater 
than the incremental attenuation caused by each additional floor. The 
average attenuation factors for an identical number of floors between 
the transmitter and receiver for the two environments differ by 3-8 dB 
[9]. 
 There are two examples of measuring the path loss with the 
use of two different models through two floors and three floors building 
respectively.  
 For two floors building, the mean path loss exponent for same 
floor measurement is n = 3.27 and the average floor attenuation factor is 
FAF = 18.7, the mean path loss exponent for two-floor measurement is 
n = 5.04. The frequency and reference distance is chosen as 915 MHz 
and 1 m respectively. Then at a seperation of d = 30m, the predicted 
path loss is 
 
Using (5),  
PLതതതത(30)[dB] = PL(1m)[dB] + 10 Χ 3.27(same floor) Χ log10(30) + 
18.7[dB] = 98.67dB 
 
Or using (4), 
PLതതതത(30)[dB] = PL(1m)[dB] + 10 Χ 5.04(multifloor) Χ log10(30) = 
106.12dB 
 
 For three floors building, the mean path loss exponent for 
same floor measurement is n = 3.27 and the average floor attenuation 
factor is FAF = 24.4, the mean path loss exponent for three-floor 
measurement is n = 5.22. The frequency and reference distance is 
chosen as 915 MHz and 1 m respectively. Then at a seperation of d = 
30m, the predicted path loss is 
 
Using (5),  

PLതതതത(30)[dB] = PL(1m)[dB] + 10 Χ 3.27(same floor) Χ log10(30) + 
24.4[dB] = 104.37dB 
 
Or using (4), 
PLതതതത(30)[dB] = PL(1m)[dB] + 10 Χ 5.22(multifloor) Χ log10(30) = 
108.78dB 
 So it is clear from the above explanation that the average 
attenuation factors for an identical number of floors between the 
transmitter and receiver for the two buildings differ by 3-8 dB. 
5.  COMPARISON BETWEEN INDOOR 
MODELS 

 
 In ITU indoor model, as the frequency increases the path loss 
also increases. Initially losses are high at high frequency but as the 
partition increases the loss rate is low as compared to at low frequency. 
The more partition causes the less loss rate. Because of that there is not 
much variation in lsss for far end partition. The distance dependent path 
loss model is basically relying on the environment we are working in, 
because there is a different path loss exponent for a different indoor 
environment. This model is not suitable if we are taking a wall effect or 
floor effect. Floor attenuation factor path loss model is the most 
appropriate model which can be used in predicting the path loss in 
indoor environment. It uses the two different models mutifloor and 
same floor environment. Both have different mean path loss exponent. 
Floor attenuation factor model is most affected by partitions. The 
attenuation between one floor of the building is greater than the 
incremental attenuation caused by each additional floor. So it is useful 
for multi floor building, mainly for the building having more than three 
floors. 

 
6.  CONCLUSION 

 
 In the first part of this paper, I briefly introduced about 
constraint satisfaction, which provides a general basis for constraint 
satisfaction algorithm. In this paper the various wireless empirical 
propagation model has been solved at 915 MHz in different 
environment to find the path loss using the constraint satisfaction 
algorithm. The models are based on a simple dn exponential path loss 
vs. distance relationship.  I also discussed the main technique to solve 
CSP, constraint satisfaction optimization algorithm to optimize the 
different empirical propagation models to find the parameters 
frequency, distance, path loss exponent, floor attenuation factor at 
which the path loss is minimum. The models have been shown to be 
more accurate when considering the different buildings and different 
environment within the same building separately 
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