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Abstract: Interest involves the determination of path loss exponent in Orhuwhorun environs, Delta state, 

Nigeria.This work is to provide a propagation model that can be used to accurately determine path loss in 

Orhuwhorun, since such was not previously available. In this research, measurements of two existing GSM 

Operators’ signals level were made outside and inside three selected buildings- concrete, block and mud which 

represent the prevalent building types in Orhuwhorun, Delta State, Nigeria. A Samsung Galaxy GT-35000 

mobile phone with RF signal tracker software installed in it was used and the results shows an average  loss of 

10.62dBm, 4.20dBm and  5.11dBm for the concrete, block and mud  buildings, respectively with a 

corresponding average path loss exponent of 3.67, 3.86 and 3.60. The modeled  path loss varies with distance 

and environment. This result will help service providers for future site-specific planning. 

 

I. Introduction 
Any communication system can be viewed as a link between a source and a destination, where 

information is sent from the source and received at the destination. Of all the communications services available 

today, wireless services are having the most dramatic impact on our personal and professional lives, enhancing 

personal productivity, mobility and security (Muller and Nathan, 2003). 

Of significant importance to the Nigerian market is the global mobile communication system popularly 

called GSM (GSM-1800) which operates in the 1800 MHz frequency band. GSM was first introduced in 2001 

when MTN Nigeria Limited and Econet Wireless Nigeria Limited (now Airtel) were licensed and consequently 

started operations. As at today the GSM Operators in the country include MTN Nigeria Limited and Airtel 

Nigeria, Limited Globacom Nigeria Limited and and Etisalat. With the advent of GSM in Nigeria 

telecommunication services have been brought nearer to the average individual (Adewoye, 2010). 
The mobile radio channel however places fundamental limitations on the performance of wireless 

communication system as the transmission path between the transmitter and receiver antennas can vary from 

simple line-of-sight to one that is severely obstructed by buildings, mountains, and foliage. Thus mobile radio 

channels are not easily predictable, as even the speed of motion impacts how rapidly the signal fades as the 

mobile terminal moves in space. They are extremely random, and as such do not offer easy analysis (Rappaport, 

2003). Propagation modeling is the common approach to predicting the mobile radio behaviour. The most 

widely used models are classified as empirical models. These are based on extensive field measurements which 

are used to predict the average path loss along the radio path from the base station antenna to the mobile antenna 

(Feher, 1991). They assume straight propagation from transmitter to receiver, regardless of any obstacles, such 

as buildings and walls. They are more widely used because they offer short computation times, even though they 

are not always 100% accurate.  The accuracy of the propagation model on which any network was built to a 

large extent determines the radio coverage of any wireless network and to predict the accuracy of the model 
real-time measurement must exhaustively be taken from the service area, in which the network was designed. 

(Emagbetere and Edeko, 2009). The major driving force for this research, therefore, is the need to provide 

propagation model that is best suitable for predicting indoor GSM reception in Orhuwhorun, since no such 

models currently exist. By extrapolation the developed model can be used in other regions with similar buildings 

and terrain.  

For a given building the average building penetration loss may be computed using equation (1) (Caluyo 

and Cruz, 2011).  

ABL(dBm) = Mean S
out 

(dBm) – Mean S
in 

(dBm)                                      (1)                                                    

Where ABL is the Average Penetration Loss in dBm, Mean Sout is Mean signal level outside the building in 

dBm
 
 and Mean Sin = Mean signal level inside the building in dBm. 

Path loss represents the communication system attenuation. It is defined as (Feher, 1995). 

PL =
PT

PR

                                                                                                            (2) 



Determination of Pathloss Exponent Using Gsm Signal in Orhuwhorun Environ, Delta State 

www.iosrjournals.org                                                    13 | Page 

Alternately 

PL dB = PT dB + PR dB                                                                              (3)      
Where PL is the path loss, PT is the Transmitter antenna power and PR is the Receiver antenna power. 

Friis Free Space Model  
The path loss (in decibel) for the Friis free space model is given by 

PL dB = −10 log  
GtGrλ

2

 4π 2d2
                                                                             (4) 

Where Pt= the transmitted power, Pr(d) = the received power which is a function of the transmitter- 

receiver separation, Gt= the transmitter antenna gain, Gr = the receiver antenna gain, d = the transmitter-receiver 

separation distance in meters and λ = the wavelength in meters. 

Typically used for unobstructed line of LOS signal path, the simplified model expresses path loss as equation 

(5) (Armogun et al, 2008).  

PLFS = 32.45 + 20 log 10 d + 20 log 10 f  dB                                      (5)       
Where PLFS is the Path loss, d is the transmitter-receiver separation distance in Km and f is the frequency in 

MHz. 

 

II. Materials And Methods 
A case study method was used on two different buildings, a concrete and the other, block. A Samsung 

Galaxy phone, with RF Signal Tracker software installed in it, was used for this purpose and the results obtained 

were compared  

 

Description of Measurement Sites     

The measurement sites were concrete slab (C1), block (B1) and mud (M1) bungalow residential 

buildings, all located in Orhuwhorun, a sub-urban area in Udu LGA of Delta state, Nigeria. Orhuwhorun is east 
of the oil rich city of Warri as shown in figure 1. Different views of the measured sites are shown in figures 3-4 

and their descriptions in Table 1. 

 
Figure 1 Map showing part of Delta South, Nigeria where Orhuwhorun is located 

           

  
Figure 2(a) Outside view of Site C1               Figure 2(b) Inside view of Site C1 

 

 
Figure 3 (a) Outside view of Site B1            Figure 3 (a) Inside view of Site B1 
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Figure 4(a) Outside view of Site M1               Figure 4(b) Inside view of Site M1 

 

Table1: Measurement Site Description 
Building C1    B1 M1 

Wall Type Concrete slab with embedded 

steel rods 

Moulded cement and sharp sand 

mixture block  

Mud with wooden and 

bamboo frame 

Building Dimension 33m x 22.2 x 3.4m 15.44 x 12.06 x 2.84m 19.20m x 6.76m x2.44m 

Wall thickness 17.79 cm 17.79 cm 17.79 cm 

Distance to fence None 3.1m minimum None 

Surrounding Vegetation Sparse Very sparse None existent 

Surrounding Buildings 

Density 

Sparse Medium Very high 

Roof Type Asbestos Asbestos Corrugated iron 

Room Dimension 4.14m x 4.14m 10.7m x 4.5m 4.14m x 4.14m 

No of Windows in Room 

/Type 

1/Casement 2/Louvers 2/Wooden 

Window Size 1.2m x 1.8m 1.9m x 0.9m 1.02m x 0.76m 

No ofDoors/ type 1/steel pan, 4/wooden 2/Wooden 1/wooden 

Door size 2.1m x 1m 1.8m x 1.14m 1.96m x 0.76m 

 

Description of Measurement Tools 

The measurement tool was a Samsung Galaxy GT-35000 Mobile phone with RF Signal Tracker 

software installed in it. The measurement set-up is shown in figure 5. The RF Signal Tracker is a software, with 

the capability of giving information on a Base Tranceiver station (BTS) over the air interface. The software 
comprises amongst others a scale capable of identifying the network Operator, a scale capable of identifying the 

cell identity, a scale calibrated in decibel (dbm), with which the received signal level of the MS is recorded.  

Others include a scale calibrated in distance terms (Km), with which the distance of the location of the MS from 

the BTS is recorded, a scale capable of giving the MS altitude and a scale capable of giving the GPS accuracy 

(Omorogiwa and Edeko, 2009;  https://play.google.com, Retrieved 12th November, 2012). 

 

 
Figure 5 Diagram illustrating measurement set-up 

 

III. Measurement Result 
The monthly measured average signal levels are tabulated in Tables 2 – 4 and the average over the 

period of six months in Table 5. From the monthly average received signal level the path loss exponent outside 

each location was computed  and the result is tabulated in Table 6. The average building penetration loss 

calculated is in Table 5. From the average measured signals at the three locations, the outdoor path loss model 

proposed for Orhuwhorun is as shown in equation (6) 

PLO = PL dO + 30 log
d

do

+ melogd                                                      (6) 

Where 

PLO = Outdoor Path loss   

dO = reference distance = 10m 

PL(dO) = Path loss at a reference distance = 0.057 dBm 

d = distance, in meter (m) 

https://play.google.com/
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m = a positive number 

0.57 ≤ m ≤ 1.1  
Values of m are found in Tables 7 

The indoor path loss model proposed for Orhuwhorun at all locations is expressed in equation (7). 

PLi = PLO + ABL                                                                                           (7) 

PLi = Indoor Path loss 

PLO = Outdoor Path loss (equation 6)   

ABL = Average building loss (building penetration loss) 

Values of ABL are found in Table 5 

 

Table 2 Monthly Measured Signal for Concrete C1 

Month 

Average Measured  

Monthly Signal (dBm) 

Operator A at 472m Operator B at 837m 

Outside Inside BPL Outside Inside BPL 

January -59.46 -68.50 9.04 -73.93 -83.71 9.78 

February -59.07 -68.75 9.68 -73.52 -83.65 10.13 

March -58.63 -68.92 10.29 -73.93 -84.37 10.44 

April -58.39 -68.99 10.60 -74.30 -85.50 11.20 

May -58.15 -68.97 10.82 -72.92 -84.96 12.04 

June -57.83 -69.06 11.23 -73.04 -85.20 12.16 

 
 

 

Table 3 Monthly Measured Signal for Block B1 

Month 

Average Measured 

Monthly Signal (dBm) 

Operator A at 542m Operator B at 759 m 

Outside Inside BPL Outside Inside B PL 

January -63.06 -66.97 3.91 -75.26 -78.48 4.02 

February -64.14 -68.12 3.98 -74.39 -78.59 4.10 

March -62.71 -66.72 4.01 -73.64 -78.15 4.41 

April -62.78 -66.79 4.01 -73.34 -77.94 4.50 

May -63.18 -67.24 4.06 -73.95 -78.57 4.62 

June -63.48 -67.61 4.13 -75.28 -80.03 4.75 
 

 Table 4 Monthly Measured Signal for Mud M1 

Month 

Average Measured 

Monthly Signal (dBm) 

Operator A at 477.9m Operator B at 582.0 m 

Outside Inside BPL Outside Inside B PL 

January -62.79 -67.60 4.81 -69.99 -75.81 5.82 

February -62.72 -67.48 4.76 -70.47 -76.11 5.64 

March -62.91 -67.74 4.81 -70.38 -75.81 5.43 

April -62.80 -67.55 4.75 -70.54 -76.00 5.46 

May -62.71 -67.53 4.82 -70.83 -76.27 5.46 

June -62.33 -67.06 4.73 -71.05 -75.89 4.84 

 

 

Table 5: Average Measured Signal 

BUILDING 

 

Distance (m)         

 

 

Average Measured  

 Signal (dBm) 

 Operator  

Outside Inside ABL 

C1  472.0               A -58.59 -68.87 10.28 

C1  837.0  B -73.61 -84.57 10.96 

B1 542.0        A -63.22 -67.24 4.02 

B1 759.0                  B -74.43 -78.81 4.40 

M1 477.9                  A -62.71 -67.49 4.78 

M1 582.0                   B -70.54 -75.98 5.44 
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Table 6:  Average Value Of Path Loss Exponent 

 
 

Table 7:  Average Value Of Penetration Loss Of Buildings C1 And Average Values Of m 

 
Plots of the outdoor and indoor models for different values of d are shown in figure 6- 11. 
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IV. Discussion Of Results 
Path Loss 

Plots of path loss outside each of the three buildings obtained from the generated model shown in 

figures 1–3 indicate a loss of 30 dB/decade outside C1 using operator A signals and 33dB/decade using operator 

B signals. These values are 1.07dBm lower and 1.88dBm higher, respectively when compared with the 

31.12dBm/decade obtained for similar distances using log- distance path loss model. Comparatively the loss 

using Operator B is higher than that of Operator A by 3.29dBm.  The average between Operator A and Operator 

B shows 31 dB/decade loss.  58.0dBm loss at the measured distance of 472m of Operator A signals and 73.0 

dBm loss at the measured distance of 837 m of Operator B signals, respectively can be observed from Figure1. 

Outside M1 (the mud building) a loss of 32.6dBm/decade and 36dBm/decade ( figure 2) are obtained 

from  Operator A and Operator B signals, respectively. A difference of 3.4dBm exists between them. When 

compared with the log-distance path loss model for a similar environment these are 1.6dBm and 5dBm higher, 
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respectively. The average between the two Operators shows 34.8dB/decade loss. At the measured distance of 

477.9m of Operator A signal the plot shows a path loss of approximately 63.0dBm. A loss of 71.0dBm at the 

measured distance of 582m of Operator B signals is observed. 
In Fig.3 path loss of 32.5dBm/decade and 34.5dBm/decade losses are observed outside B1 (the block 

building) for Operator A and Operator B signals respectively. A 2.0dBm difference is observed between them. 

These are 1.5dBm and 3.5dBm higher, respectively when compared with log distance path loss model at similar 

distances.  The average losses between the Operators show 33.3dB/decade. At the measured distance of 542m of 

Operator A signals a path loss of 63.0dBm is observed from the plot and 73.5dBm is observed at the measured 

distance of 759m of Operator B signals. 

Comparing the values from Operator A and Operator B signals average values of 31dBm/decade, 

34.8dBm/decade and 33.3dBm/decade are obtained for the path loss outside the concrete, mud and block 

buildings, respectively. That the highest loss is obtained outside the mud building is an indication of the fact that 

buildings in this part of Orhuwhorun are more cluttered than in the parts where the concrete and the block 

buildings, respectively are located.  Buildings and other structures are relatively more cluttered where the block 
building is than where the concrete building is located. 

 

Building Clutter Factor 

Outside the concrete building the values of m were 0.57 and 0.85 for Operator A and Operator B 

signals. The values of m for outdoor mud were 0.84 and 1.1 for Operators A and B, respectively, whereas 

outside the block building 0.72 and 1.0 were obtained as m. The highest values of m for both operators were 

obtained outside the mud building where buildings are cluttered together, while the least values of m were 

obtained outside the concrete building where buildings are least cluttered. These are in agreement with the 

average path loss and an indication that m is an environmental factor. Hence m is referred to here as building 

clutter factor, in this work.   

The modeled indoor path loss as shown in the plots of Figs. 4 - 6 differs from the outdoor model at all 

the locations by the building penetration loss, ABL. As can be seen the graphs of C1 in Fig.4 are shifted above 
their counterparts in Fig. 1 by 10.62 dBm. It is also noticed that the graphs of M1 in Fig. 5 are shifted above 

their counterparts in Fig. 2 by 5.11 dBm, likewise the graph of B1 in Fig.6 which is also seen to be shifted above 

their counterparts in Fig.3 by 4.2 dBm.  

 

Path Loss Exponent  
The average values of path loss exponent outside the three buildings in Orhuwhorun were summarized 

in Table 3. The least value of 3.67 was obtained outside the concrete building C1, where houses are relatively 

spaced while the highest value of 3.86 was obtained outside the mud building where buildings are clustered 

together. The value of n at location B1 is very close to that of MI even though houses are not as clustered here 

as location. Their closeness is most likely due to the fences separating one building from the other. 

These values of path loss exponent are in agreement with theoretical values of between 3 and 5 for such 
environments [Rappaport, 2003]. These also agree with the value of 3.84 reported for suburban areas in Lee’s 

work [Adenike, 2010]. 

 

Building Penetration Loss 

Building penetration loss values obtained for the three buildings are shown in Table 6. The concrete 

building wall has the highest value of 10.62 while the least value of 4.20 was obtained for the block wall. These 

values attest to the fact that the type of construction materials affects GSM signals levels inside buildings 

[Rappaport, 2003] [Walker, 1983] [Caluyo, Cruz, 2011]. The mud building wall penetration loss of 5.11 is very 

close to that of the block wall. This shows that these two construction materials are almost similar from the view 

point of radio signals. The concrete wall value is significantly greater than the other two. This is most likely due 

to the fact that mud and block are more porous than concrete.    The value of 10.62 dBm obtained for the 

concrete building is 2.78 dBm lower than the 13.4 dBm reported by Turkmani [Turkmani, 1992] measured on 
the ground floor of a building at 1800 MHz in. The difference is most likely due the differences in the type and 

thickness of the wall as well as the window size of of the two buildings. Besides the building under 

consideration is a bungalow whereas the building measured by Turkmani is a storey building. The measured 

concrete building penetration loss is less than the 13 dBm maximum value reported by Rappaport [Rappaport, 

1991] for concrete at 1300 MHz. The difference may be accounted for by the fact that penetration loss decreases 

with increasing frequency as reported by researchers [Turkmani, 1992]. 

Penetration loss of 4.20 dBm obtained for the block wall at 1800 MHz under consideration is lower 

than the 13 dBm minimum for concrete block wall reported by researchers at 1300 MHz.. This is in agreement 

with researchers’ observation that penetration loss decreases with increasing frequency. The low value can also 

be accounted for by the fact that the block wall being studied is much more porous than the concrete block wall 
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reported by Rappaport [Rappaport, 1991]. 

The penetration loss of 5.11 dBm obtained for the mud building wall is 0.91 dBm greater than the 

block wall loss. The higher value obtained for mud is most likely due to the wooden windows which has a 
higher compared with glass louver window. 

 

V. Conclusion 
The result of this work shows that as a mobile unit is moved from outside to inside a building the path 

loss increases and that penetration loss of GSM signals is a function of the building wall type and that the loss 

through a concrete wall is higher than the loss through a block wall.  
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