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Abstract— Path loss models are used to estimate the path loss between transmitter and receiver for outdoor 
and indoor applications. In this paper, path loss models for indoor propagation are investigated for multiwall 
configuration. Here, path loss and signal strength for a war ship environment are measured and compared 
with available data. Sensor nodes are deployed randomly in different ship locations which will help in 
predicting signal strength in actual node locations. 
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I. INTRODUCTION 
Commercial success of wireless application has led to an interest between wireless engineers in 

understanding and predicting radio propagation characteristic in different materials. Implementations of wireless 
network wave propagation models are necessary to determine propagation characteristic through a medium. 
Propagation study provides an estimation of signal characteristics. In wireless communication systems, the 
information is transmitted between transmitter and receiver antenna by electromagnetic waves. The signal 
strength of electromagnetic waves weakens during propagation through environment. The difference of signal 
strengths from transmitter (transmitter) to receiver (destination) antenna is termed as path loss. Path loss (PL) at 
destination is generally determined by the use of different models i.e., stochastic, deterministic and empirical. 
The major elements causing path loss are free space, absorption, diffraction and multipath signal losses 
[1][2][3][4][5]. Various path loss models are available in literature for different types of environments such as 
urban, suburban, and rural and different type of materials.   The majority of researchers standardized the models 
for all types of environments.  It is observed that the most models accommodate only the important parameters 
such as distance, carrier frequency and antenna heights at various geographical locations for wireless network 
for unlicensed band whereas, the insignificant parameters are ignored. Path loss models illustrate the signal 
attenuation between a transmitter and a receiver as a function of the propagation distance and other parameters. 
The accuracy of any particular propagation model in any given condition will depend on the suitability among 
the constraints required by the model and depend on terrain. This paper evaluates to measure the path loss for a 
war ship, whose length is -109m, height is-23m and No of floor is -8. Deploying sensor node at random 
locations and considering the frequency 2.45 GHz [6][7]. Mainly reflection from and transmission through walls, 
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partitions, windows, floors, and ceilings are used to predict propagation within buildings. Wave guiding in 
corridor or in hallways are more difficult to model and thus are usually not considered. Although diffraction 
effects have been sometime identified (diffraction at edges from walls or windows is usually not taken into 
account due to the difficulties related to the requirement on the input database and due to the resulting large 
computation time.We observe that the model COST231 is most suitable for this application. The COST 
231project has focused on the types, resolution and accuracy of digital terrain data bases required for 
propagation modeling. The information includes terrain height information, land usage data, building shape and 
height information and building surface characteristics. Furthermore investigations have been stressed on proper 
processing techniques to extract the relevant information in a time-efficient manner.This model of propagation 
within buildings incorporates a linear component of loss, proportional to the number of walls penetrated, plus a 
more complex term which depends on the number of floors penetrated, producing a loss which increases more 
slowly as additional floors after the first are added. Suitable for determining the path loss in all three 
environments namely rural, suburban and urban. All of the study used to measure path loss signals with distance 
mostly for outdoor propagation applications but for indoor propagation COST-231 model is quite popularly 
used in order to minimize the path loss and to have very good received signal strength without attenuation of 
transmitted power so much. Taking transmitting power as 34.77 dBm and obtained result for up to 60 meter is 
shown in graph and our aim is to get received signal strength up to 109 m considering other parameters so that 
the signal can well effectively transmitted to the user. Cost – 231 Model is the PCS extension to the Hata model 
which is developed by the European cooperative for scientific and technical research (EURO-COST) and 
extended Hata model up to 2 GHz. It is mostly used for determining the path loss in mobile wireless system in 
frequency range from 500 MHz to 2000 MHz, its simplicity and presence of correction factors have been used 
for path loss prediction.  COST-231 is used for frequency ranges from 1500-2000 MHz It incorporates the 
signal strength prediction up to 20km from transmitter to receiver with the transmitter antenna height of 30 m to 
200m and receiver antenna height of 1m to 10m [8]. It is used to predict signal strength in all environments [9]. 
COST-231 WI model has separate equations both for line sight and non-line of sight communications regarding 
path loss estimation. Different parameters are used to indicate free space loss, roof top to street diffraction and 
the multi-screen diffraction. It is more appropriate in rural environments when the communication is line of 
sight [10]. Non line of sight equation is used in suburban and urban environments. 
 

II.  APPLICATION OF WIRELESS SENSOR NETWORK IN SHIP 
Ships constitute an important part of modern systems widely used in armed conflicts and commercial 

purposes such as fishing and transporting passengers and cargos. Ships manufacturers and navy companies aim 
to use automation on board ships as much as possible in order to improve security and reduce the number of 
crew members. Modern ships are equipped with automatic monitoring systems which control and ensure the 
safety and accuracy of the whole ship operation. Current shipboard monitoring systems use extensive lengths of 
cables to connect several thousands of sensors to central control units. Tens of kilometers of cables may be 
installed on board a ferry‐boat, increasing its cost, weight and architecture complexity. In addition to the high 
cost of wires installation during ships construction, ship represent a complex and harsh environment in which 
extensive lengths of wires are vulnerable to detriments such as heat, moisture and toxic agents. Hence, using 
wireless communication between sensors and control units on board ships presents several advantages over 
wired solution. Radio waves travel through space, i.e. the additional cost, weight and complexity produced by 
the routing of cables through the structure of a ship, are eliminated. Moreover, wireless systems are easily and 
inexpensively reconfigured. Therefore, using the WSN technology for shipboard monitoring systems can be a 
cost‐effective and survivable solution. Wireless sensor nodes are capable to form a large scale (up to thousands), 
self‐organizing and self-configurable ad hoc network with low cost and low power consumption devices. 
 

III.   ESTIMATION OF SIGNAL STRENGTH & NODE DEPLOYMENT 
The multi-wall model gives the path loss as the free space loss added with losses introduced by the walls and 

floors penetrated by the direct path between the transmitter and the receiver. It has been observed that the total 
floor loss is a non-linear unction of the number of penetrated floors. This characteristic is taken into account by 
introducing an empirical factor b. The multi-wall model (MWM)  can then be expressed in form [10] 

 

   .......(1) 
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   ....(2) 
 

Where 

 Free space loss between transmitter and receiver, 

 Constant loss 

 Number of penetrated walls of type i,  

= number of penetrated floors, here I considered as 8 (in ship maximum floor is 8 no’s) 
I = number of wall types, here I considered as 2(as in ship I have found maximum two different types of wall 

made of different types material) 

= loss of wall type i 
Here Lwi  is Lw1 and Lw2 because i=2. 
Lf = loss between adjacent floors, 
b = empirical parameter 
 
The constant loss in equation no [1] is a term which results when wall losses are determined from 

measurement results by using the multiple linear regression. Normally it is close to zero. The third term in 
equation [1] expresses the total wall loss as a sum of the walls between transmitter and receiver. For practical 
reasons the number of different wall types must be kept low. Otherwise, the difference between the wall types is 
small and their significance in the model becomes unclear. 

 
It is important to notice that the loss factors in equation [1] are not physical wall losses but model coefficients 

which are optimized along with the measured path loss data. Consequently, the loss factors implicitly include 
the effect of furniture as well as the effect of signal paths guided through corridors. 

The multi-wall model coefficients have been optimized for the measurement category "dense". However, it 
can also be used in the other environments where the number of walls is small and multi-wall model yields 
results close to free space values. 

 
Here in our research we considered the different values as follows:- 

3.4dB 

6.9dB 
Lf= 18.3dB 
 b = .46  
F= 2.45 GHz  
d=1 m is the minimum length of ship 
and d=109 m is the maximum length of the ship 
Path loss is estimated for the distance 1m to 109m and for estimating the path loss the above parameters are 

considered. Path loss estimated in fig1 as Lc is considered 0 and in fig2 as Lc is considered 5db. It can be seen 
from the figures that the path loss increases with increasing the distance as expected. It can be also seen from the 
figures that the path loss is almost same for the two different values of Lc. 

 
 

 

 

 
Fig 1 Path loss estimation for ship of length 109m considering Lc=0dB. 
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Fig 2 Path loss estimation for ship of length 109m considering Lc=5dB. 
 
The result of received signal strength vs. distance plot deploying random nodes is as shown in the graph. In practice, 

received signal strength is defined as a voltage measured by a receiver’s received signal strength indicator (RSSI) circuit. 
Often, received signal strength is equivalently reported as a measured power. Wireless sensor nodes communicate with their 
neighbouring sensors, so the received signal strength of the transmitted signals can be measured by each receiver during 
common communication without presenting additional bandwidth or energy requirements. Received signal strength 
measurements are relatively inexpensive and simple to implement. Received signal strength based localization technique is 
attractive for a wide variety of applications. In this paper we have considered the transmitted power as Pt = 34.77 dBm [11] 
and calculated results are plotted in fig 11 which is similar to the reference graph [12]. The received signal can be calculated 
by this equation,  

Received signal=Transmitted signal –path loss  ……..(3) 
It can be seen from fig 3 that the received power decreases with increasing the distance as expected. The estimated signal 

strength (upper curve in fig 4) is compared with measured signal strength in fig 4 and is found to be in close agreement. 
 
 

 
 

Fig 3 Received power estimation for war ship 
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distance (m) 

Fig  4 Received power compared with  the practical data [13] 
 
Figure 5 shows the length of a standard ship. The length of the ship is 109 meter and the height is 23 meter. From the top 

floor, the consecutive floor size decreases by 10%.  
To deploy surveillance wireless sensor networks, the sensor nodes are either deployed randomly or manually over a given 

monitored field. In our deployment, we have chosen to deploy the experimental sensor nodes randomly in different floors of 
the ship as shown in figure 3 to figure 10.  

 
Localization of nodes under different conditions in WSN is challenging for indoor propagation where received signal 

strength depends on number of parameters and such as type of wall, height of floor, no of floor etc specially for war ship 
application.  This random node deployment will help in predicting actual signal power in different node locations. 
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Fig 6 Node deployment in 1st floor of the war ship. 
 

 
 

Fig 7 Node deployment in 2nd floor of the war ship. 
 

 
 

Fig  8   Node deployment in 3rd floor of the war ship. 
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Fig 9 Node deployment in 4th floor of the war ship. 
 

 
 

Fig 10 Node deployment in 5th floor of the war ship. 
 

 
 

Fig 11 Node deployment in 6th floor of the war ship. 
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Fig 12 Node deployment in 7th floor of the war ship. 
 

 
 

Fig 13 Node deployment in 8th floor of the war ship. 
 

IV.  CONCLUSION 

In this paper, we studied COST 231 indoor propagation path loss model and estimated signal strength for a 109 meter long 
war ship. Random sensor nodes are then deployed in all the floors of the ship. The multiwall indoor propagation model is the 
best suitable in ship application. The estimated signal strength is found to be in close agreement with measured data. 
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