
 
Abstract—In the modern communication system, wireless 

systems and communications such as cellular, mobile radio, wireless 
mouse and etc are becoming popular in our daily life and 
environment. To achieve an optimized wireless system for an 
environment, accurate propagation characteristics of the environment 
should be known. To model for indoor wireless communication is 
especially difficult because the channel varies according to the 
environment. The radio wave channel for indoor depends heavily on 
factors such as structure, layout of rooms, and the type of 
construction materials used. In this paper, our previous propagation 
and path loss model for indoor wireless is improved by comparing 
with the previous propagation model. 
The main objective is to understand the effects of these factors on 
electromagnetic wave propagation and have more precise and flexible 
path loss prediction model for indoor wireless propagation. 
Experiments are taken out for indoor radio wave propagation have 
shown excellent results for the proposed model. 
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I. INTRODUCTION 
N our today life, internet access is also essential for our 
communication, entertainments, and etc. To distribute the 
internet access in homes and public sectors such as offices, 

supermarkets, libraries and so on, wireless propagation is used 
as indoor wireless environment. To achieve an optimized 
wireless system for an environment, accurate propagation 
characteristics of the environment should be known. The 
indoor environment has always some interference. These 
interference can be caused by reflection, refraction and 
scattering of radio waves due to the layout of   a building, the 
transmitted signal most often reaches the receiver by more than 
one path, resulting in a phenomenon known as multipath 
fading. 

In the wireless communication systems electromagnetic 
wave propagation characteristics are became an important 
issue because it can be varied by the structure of environment 
and mobile behaviours. To achieve an optimized wireless 
system, we need to analyse the characteristics and patterns of 
wave propagation   . In this analysis, there are two approaches 
namely measurement approach and development of 
propagation prediction models.  
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The first approach, site measurement is an empirical 

approach which is cannot give enough satisfied results and 
have plenty of detail and petty works and time consumption 
[1].  Due to many drawbacks and unsatisfactions of the first 
approach, the prediction models become popular in wireless 
communication system. 

There are two main models for characterizing path loss. 
They are empirical (statistical) model and site-specifics 
(deterministic) model [2]. The empirical models are based on 
the statistical characterization of the received signal and it is 
also easier to implement, required less computation, less 
sensitive environment. On the other hand, site-specific models 
have a certain physical basics and require a vast amount of 
data regarding geometry, terrain profile, location of building, 
furniture in a building and so on. The models need to have 
more computations and accurate. 

Among the models, some of related techniques which are 
published and not so very soon are presented as references. In 
2002, F. Iskander et al. presented a review of the state of the 
art propagation prediction models that range from early simple 
empirical formulas to modern site-specific ray-tracing-based 
models [3]. Next publication is the measurement of 
propagation losses in bricks and concretes in 2003 by Daniel 
et al. [4]. In this paper, the through-wall attenuation, the 
equivalent permittivity (ε) and conductivity (σ) are estimated 
for the 900 MHz cellular band by a “best fit” of through wall 
transmission measurements to the classical multi-ray model 
and its one-path approximation: the single-ray model. Later, 
Reiner S. et al. published “Measurement-based parametric 
channel modeling” [5] in which the concept of measurement-
based parametric channel modeling (MBPCM) combines real-
time MIMO channel sounding and high-resolution multi 
dimensional parameter estimation. By this way, the channel 
model parameters describing the multidimensional wave 
propagation model can be resolved as accurately and generally 
as possible. Another one with respect to the propagation model 
is the publication of Charles Reis et al. [6] at 2006. They 
present practical, measurement-based models for the physical 
layer behaviors of static wireless networks, including packet 
reception and carrier sense with interference. In continuous, at 
2010, Konstantinos et al. presented an empirical propagation 
model for different antenna sizes and locations of transmitter 
and receiver in a measurement campaign [7]. 
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In respect to the indoor wireless propagation, R. Ezzine et al 
work [8] is one of the good publishing in which free space and 
land propagation models are combined to produce a generic 
indoor propagation model.  Curve fitting algorithm, 
Levenberg-Marquardt algorithm (LMA) is used for parameter 
estimations and model accuracy. Myo Myint Maw et al. 
presented a propagation model based on finite different time 
domain (FDTD) [9]. In the model, the author presented an 
original approach of the 2-D TM mode of FDTD method is 
used to simulate the indoor radio wave propagation. By using 
the FDTD method, numerous data points can be obtained for 
modeling the path losses. The next one is the model of Khine 
Phyu and Aung Myint Aye [10]. This model used and analyzed 
the indoor wireless propagation using dual slope method of 
ray-tracing. Next indoor wireless propagation prediction 
model is our first publication [11]. In this work, by using log 
distance model, path losses in indoor wireless communication 
network are especially discussed. The weakness of the model 
is the miss consideration on the shadowing and fading. In our 
second publication [12], propagation prediction model is 
enhanced by the combination of the two works, [7] and [10]. 
However, there is still in weakness in computing propagation 
constants. 

In this paper, to be more precise in computing propagation 
constants, we used enough sample measurements and 
calculated the entire loss for a particular obstacle. We 
proposed improve version for the indoor WiFi wireless 
propagation. This paper is organized as follows. Theoretical 
background with respect to the proposed method is studied in 
the next section. In section 3, our proposed model is briefly 
described. In section 4, experimental results are presented by 
comparing between practical measurement, previous work [12] 
and model prediction. Finally, some conclusion and further 
work are drawn in section 5.  

II.  BACKGROUND THEORY 
In this section, we will present about three propagation 

model namely free space model, log distance model and land 
propagation model as the back ground theories of our 
proposed method. 

A. Free Space Propagation Model 

The Free space is an ideal propagation model and it is also 
the simplest one to measure only one clear line-of-sight path 
between transmitter and receiver. The received power Pr 
depends on transmitted power Pt, transmitter and receiver 
antennas gain (Gt, Gr), wavelength λ and distance d between 
the transmitter and receiver. All parameters, except distance d, 
are system constant. The Free space model is also popular as 
Friis model. In this model received signal power, Pr is 
expressed by the following equation: 

Pr (d) = PtGtGrλ2 / (4π)2d2                                        (1) 
 
The free space path loss L(d) between two isotropic 

antennas (GR = 1, GT = 1) with a distance d can be expressed 
as 

L(d) = 32.44 + 20 log (f) + 20 log (d)                           (2) 

 
Where, d is the distance between transmitting and receiving 

antennas, expressed in kilometres, λ is wavelength (m) of 
carrier frequency and f is the carrier frequency (MHz). The 
free space path loss model is usually used as a reference point 
for path losses measuring models. 

B. Log –Distance Model 

A simple log-distance model [10] is used to determine 
attenuation of transmitted signal at transmission frequency (fT), 
when transmitter and receiver are in LOS situation. The log-
distance path loss model assumes that path loss varies 
exponentially with distance. 

PL(d) (dB ) = PL(d0)[dB] + 10*n*log (d/d0)                 (3) 

Where, d0    is the   reference distance, usually taken for 1 
meter is utilized to normalize to that which occurs at a distance 
d from the transmitter and only the propagation effects are 
include.  n is path loss exponent and d is distance between 
transmitter and receiver expressed in meters. 
 

C. Land Propagation Model 
 

The Friis free space model is an ideal model without any 
obstacles. In the real case, when radio wave is transmitted 
from a transmitter to a receiver or receivers, the radio waves 
encounter many obstacles and it can cause several propagation 
effects such as reflection, diffraction and scattering. The 
phenomenon of reflection occurs when obstacles are larger 
than wavelength of transmitted signal. Obstacles in this case 
can be earth surface, tall buildings, and large walls. Diffraction 
takes place when the obstacle has a surface with sharp 
irregular edges. Scattering occurs when obstacles are smaller 
than the wavelength, for example foliage or street signs. For all 
the cases, we can use land propagation equation [7] and the 
received signal power is expressed as follow. 
 

Pr= Gt Gr Pt/L                                                            (4) 
 

Where, L is propagation (L > 1). For the indoor propagation, the 
wave propagation losses are generally characterized by two 
aspects: Path loss (LP) and shadow fading (LSF). Hence, the 
propagation loss can be expressed as: 
 

      L = LP + LSF                                                                     (5) 
 

i. Path loss  

A lot of losses called path losses caused by land profile, 
type and numbers of obstacles usually appear along the 
communication path between transmitter and receiver when 
radio wave is propagated over a particular environment,. 
Actually, the path loss over a wide area is the average 
propagation loss. It depends on macroscopic parameters such 
as transmitter- receiver distance and land profile. Hence, it can 
be generally expressed as follow: 

 

PL = Pt – Pr                                                      (6)                             
Where,   PL is path loss, Pt is assumed as transmitting power 

and Pr is receiving power. Hence, on the other word, total 
transmitting power is the addition of path loss (PL) and 
receiving power (Pr).  
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The path loss, in the open environment and LOS 
communication, the path loss is only the free space loss and 
others can be neglected. However, for an indoor propagation, 
there are a lot of obstacles among them, some can absorb the 
radio wave, some cause the radio wave to scatter or reflect and 
next possible is the refraction. Depending on the receiver 
location, some reflected and scatter waves can reach to the 
receiver and cause to be fading and attenuation. Hence, the 
path loss can be divided into free space, losses by obstacles as 
below. 
 

   LP = L free space + L absorbed + L unabsorbed                             (7) 
 

Where, Labsorbed is the losses absorbed by obstacles of the 
communication medium and L unabsorbed   is caused by 
reflection, refraction and scattering. As the attenuations caused 
by obstacles are depended on the number and type of the 
obstacles. Hence, for the 24000MHz, wireless communication, 
path loss equation can be derived by substituting equation (2) 
and   (5) adding type and number of obstacles. 

ii. Shadowing Model 
 

In addition to path loss, a signal will typically experience 
random variation due to blockage from objects in the signal 
path, giving rise to a random variation about the path loss at a 
given distance. In addition, changes in reflecting surfaces and 
scattering objects can also cause random variation about the 
path loss. To introduce random events, the shadowing model 
utilizes a random variable X. The X is normally distributed 
with an average of zero and a standard deviation σ (called 
shadow deviation). The shadowing model also requires a 
reference distance d0 to calculate the average received free 
space signal strength. The following equation can be described 
as follow. 

 

Lshadow = Lfreespace *  [d/d0] -β *  10X                                        (8) 
 

Where,  the exponent β is one of the propagation constants 
which depends on propagation environment. The β is 
sometime used within the range from 2 to 3.5. 

The shadowing model introduces some kind of 
unpredictability for data transmissions. Correct receptions are 
guaranteed for close proximities and impossible over long 
distances, whereas correct receptions are unpredictable for 
medium distances.        

III. PROPOSED METHOD 
Our proposed model is a path loss prediction model, based 

on Log-Distance model. The path loss models are basically 
empirical mathematical formulations for the characterization 
of radio wave propagation. The models presented above are 
valid for specific environment and working conditions. Hence, 
for a given situation, we are not sure what appropriate model 
should we use. Therefore, our idea is to design a better and 
more precise generic model which takes the consideration 
upon the most types of signal attenuation. 

The proposed model is the improved version of our 
previous model [11].In this model, path loss was considered 
by adding fading. Actually, fading losses can be divided into 
two, slow fading and fast fading. Fast fading is very rare case 

for indoor wireless propagation. The fading losses are nearly 
constant value because every random variation of obstacles is 
small and almost of moving object changes are nearly the same 
within a coverage area. 

 The proposed work is improved by adding shadowing 
model and   modifying in path loss model .In this proposed 
work, log distance model, land propagation model and 
shadowing model expressed in estimating of path losses. 
According to land model, the received signal power (mW) is 
that the multiplication of receiver gain, transmitter gain and 
transmitted power is divided by all losses. Where, the receiver 
gain, transmitter gain and transmitted power are all constants. 
We assume and replace propagation constant (A) instead of 
the multiplication of receiver gain and transmitter gain because 
the two parameter values can be changed by the size, shape 
and position of antennas. Even if equal size we used, these 
value can be changed by their position and shape. Hence, 
according to land model, the receiving power at the receiver 
can be described as fallow. 
                                

                        (9) 
                                

Where, Pr and Pt is Pr and Pt are the power of received 
signal and transmitted signal in mW and L is all losses 
measured in mW. 

In this propose work [11], we considered path losses on 
types of obstacles, absorbed and unabsorbed. We estimate 
different propagation constants for both types and predict path 
losses. Total path loss in a given direction is the sum of losses 
of each type of obstacles in the direction. Based on land 
propagation model, the path loss of our proposed method is as 
below. 

 

  LP = L free space + L absorbed + L unabsorbed     
 

  LP=100.04+ 20 log(d0)+ +                 
                                                Log  [d/d0] -β      +X           (10)                                                                                   
                                                                                              
 

Pr(dB)=A.log10Pt–(100.04+20log(d0)+             
 

+ )-Log(d/d0)β-X                       (11)                    
Where, Q and P are number of absorbed and unabsorbed 

obstacles in propagation path .The above equation is our 
proposed prediction model for indoor 2.4 MHz propagation 
and the accuracy of the model is proof in the next section 
comparing with empirical results. 

IV. INDOOR ENVIRONMENT & EXPERIMENTAL RESULTS 
In this section, our proposed model results are compared 

with measurement results to infirm model accuracy and study 
radio wave propagation characteristics.  

A. Experimental Setting 
The site selected for the experiment is lab1 and lab2 

buildings of our university, University of Technology, 
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Yantanapon Cyber City (UTYCC). The building has 
composed of RC and brick structure as shown Figure 2.It has 
two floors and each floor contain three lab rooms. Lab 5 and 
lab 6 has many benches which can absorb wireless 
propagation. Hence, the building is multi-storied and equipped 
with furniture like benches, wooden and steel cupboards with 
other laboratory instruments. They can cause complex wireless 
propagation. Hence, the site is used to small scale phenomenon 
for multi-paths and reflection mechanism, by adding the 
movement of students for shadowing and obstructions. 

TP-LINK router TL-WR941ND is used for wireless 
transmitter and laptops are used for receivers. In the 
measurement, TP-LINK router is placed on the corridor of the 
first floor of each building with the height of 1m above the 
floor. For the propagation measurement, Netstumbler and 
inSSIder 2.1 are used on Microsoft Window 7 OS. 
Transmission frequency was 2.4 GHz with 20dBm transmitted 
power. Mobile host, laptops are moved to different locations 
on the floor of each storey. All measurements are carried out 
both Line-Of –Sight (LOS) and Non-Line-of-sight (NLOS) in 
the area of complex building along all corridors and lab rooms. 
Laptop was carefully moved all the time oriented towards 
Access Point (TP-LINK router). For the purpose of this work, 
the measurements of radio signal strength are limited to 
consider and only focus on the path loss analysis and building 
penetration attenuation. The objectives of the measured 
experiments are to simply collect a number of data points and 
to compare them with proposed model. The following figure 
and table describe the site layout and measurement setup for 
transmitter and receiver. 

B. Experimental Results 
To estimate the experimental results, equation 10 and 

measured results are used to describe the accuracy of proposed 
model. Hence, the propagation constant values are estimated 
by graphical and curve fitting approach. 

We take three experiments. At first, we measure losses in 
corridors of both first and ground floor. In that area, we 
assumed that there are many students which are random 
moving objects for shadowing. In estimating the losses for 
absorbed and unabsorbed r is used from 1.5 to 2.5. For the 
shadow fading, constant loss (K) is from 3 to 5 dB. As the 
above β value, it is from 2 to 3.5. B is free space constant 
which is round about 150 and A is used from 2.5 to 5. The 
following table shows the use of equipment in measuring for 
this research. 

TABLE I 
MEASUREMENT SET UP OF TRANSMITTER AND RECEIVER 

 

 

 
TABLE II 

MEASUREMENT RESULTS OF FREE SPACE , TOTAL LOSS AND EMPRICIAL 
MEASUREMENTS FOR FIRST FLOOR CORRIODOR 

N

o 

Point Distance Free 

Space 

Total 

Loss 

Emprica

l 

Error 

       

       

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 

2 

3 

4 

5 

6 

7 

8 

9 

3 

6 

9 

12 

15 

18 

21 

24 

27 

50.6 

56.6 

60.1 

62.6 

64.6 

66.1 

67.5 

68.6 

69.7 

51.3 

57.8 

61.6 

64.2 

66.3 

68.03 

69.5 

70.7 

71.8 

55 

60 

63 

65.6 

67.5 

68.5 

70.5 

72.5 

75.6 

-3.7 

-2.2 

-1.4 

-1.3 

-1.2 

-0.5 

-1.03 

-1.8 

-3.9 
 

TABLE III 
MEASUREMENT RESULTS FOR GROUND FLOOR CORRIDOR 

No Point Distance Free 

Space 

Total 

Loss 

Emprical Error 

       

       

10 

11 

12 

13 

14 

15 

16 

17 

18 

28 

27 

26 

25 

24 

23 

22 

21 

20 

5 

7 

10 

13 

16 

19 

22 

25 

28 

54.6 

58.1 

60.9 

63.1 

64.9 

66.5 

67.7 

68.9 

69.9 

56.3 

60.2 

63.4 

65.9 

67.9 

69.6 

71.1 

72.4 

73.5 

58 

62.5 

65 

67.5 

70 

69 

73 

72 

75 

1.7 

2.3 

1.6 

1.6 

2.1 

-0.6 

1.9 

-0.4 

1.5 
 

 

 
 

Fig. 1 Losses Comparison among free space, proposed prediction and 
measured results of first floor 

 

IV. CONCLUSION 
In this paper, we have presented a improved propagation 

prediction model comparing with previous works and 
measured results. The experimental results have been shown 
that the predictions of the proposed model are nearly the same 
with measured result. Therefore, the proposed model can be 
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applied to the simulated and predict in door propagation 
signals. In the future, we will try the model to be more 
accurate than now. We will also try to construct models which 
can be used for urban areas and for different terrains. 
 

 
Fig. 2  Layout of the first floor of lab building, position of transmitter 

and sample points of receiver 
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