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Abstract— Empirical measurements for path loss by 

Almadar network in MSALLATA city is addressed. There 

are number of path loss prediction models are derived from 

measurements. These path loss prediction models are called 

empirical models. The empirical Okumura, Hata and COST 

231 Extension to Hata path loss models are all obtained 

from average local mean attenuation (LMA) measurements. 

Okumura model for distances more than one kilometer. 

Thus, it is a good model for first generation cellular systems, 

but does not model propagation well in current cellular 

systems with smaller cell sizes and higher frequencies. 

Therefore, The Hata model is one of the most common 

models in designing real systems. Many new models are still 

using it as a reference model because of its simplicity and 

accuracy. Moreover, the Hata model was extended to COST 

231 by the European cooperative. This model covers a wider 

range of frequencies. Therefore, due to its simplicity and 

availability of correction factors make it applicable to 

urban, suburban and rural areas. In this paper, measuring 

signal strength by using cellular mobile network analyses 

(SAGEM OT 290) instrument. Then, exploiting Matlab 

software to provide graphical comparison of the COST 231 

Hata model and COST 231 Hata modified model with the 

least squares method. The simulation results confirm that 

the modified COST-231 Hata model provides better 

performance and, thus can be used for path loss prediction 

across the terrain in Msallata city area. 

 

Keywords— Okumura model; Hata model; single relay; 

COST 231model; path loss prediction 

I. INTRODUCTION 

 A signal transmitted through free space to a receiver 

located at distance d from the transmitter. Assume there 

are no obstructions between the transmitter and receiver 

and the signal propagates along a straight line between 

the two. The channel model associated with this 

transmission is called a line-of-sight (LOS) channel, and 

the corresponding received signal is called the LOS 

signal or ray [1], [2]. LOS radio channels, including fixed 

terrestrial microwave links and fixed satellite links, are 

approximately AWGN channels when the weather is 

good. [3], [4]. Mobile environments are often so cluttered 

that the square-law attenuation of free space. Therefore, 

the path loss equation, no longer applies because of 

multipath propagation and shadowing by obstacles. 

 The path loss computed from all ray tracing models 

is associated with a fixed transmitter and receiver location. 

In addition, ray tracing can be used to compute the local 

mean received power Pr in the vicinity of a given receiver 

location by adding the squared magnitude of all the 

received rays. This has the effect of averaging out local 

spatial variations due to phase changes around the given 

location. Local mean received power is a good indicator 

of link quality and is often used in cellular systems 

functions like power control and handoff [3], [5]. 

 The empirical models are mainly based on 

measurements over a given distance in a given frequency 

range and a particular geographical area or building. 

Moreover, in order to remove multipath effects, empirical 
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measurements for path loss typically average their 

received power measurements and the corresponding path 

loss at a given distance over several wavelengths. This 

average path loss is called the local mean attenuation 

(LMA) at distance d, and generally decreases with d due 

to free space path loss and signal obstructions [1]. 

 The empirical Okumura, Hata and COST 231 

Extension to Hata path loss models are all obtained from 

average LMA measurements.  

 The Okumura model is applicable over distances 

of 1-100 Km and frequency ranges of 150-1500 MHz. 

Okumura used extensive measurements of base station-

to-mobile signal attenuation throughout Tokyo to develop 

a median attenuation relative to free space of signal 

propagation in irregular terrain. The base station heights 

for these measurements were 30-100 m. 

The Hata model is an empirical formulation of the 

graphical path loss data provided by Okumura and is 

valid over roughly the same range of frequencies, 150-

1500 MHz. The Hata model well-approximates the 

Okumura model for distances more than 1 Km. Thus, it is 

a good model for first generation cellular systems, but 

does not model propagation well in current cellular 

systems with smaller cell sizes and higher frequencies. 

Therefore, The Hata model is one of the most common 

models in designing real systems. Many new models are 

still using it as a reference model because of its simplicity 

and accuracy. Moreover, the Hata model was extended to 

COST 231 by the European cooperative for scientific and 

technical research (EURO-COST) to 2 GHz. However, 

The COST 231 Hata model covers a wider range of 

frequencies. Therefore, its simplicity and availability of 

correction factors make it applicable to urban, suburban 

and rural areas. 

 

A. The focus of this paper 

 The focus of this paper is on the empirical 

measurement of path loss which is based on Okumura 

and Hata models in Msallata city. The measurement 

procedure is identifying the number of base stations in 

the investigated region. Measuring signal strength in 

decibel milliwatts by using cellular mobile network 

analyses (SAGEM OT 290) device. Then, exploiting 

Matlab software to provide graphical comparison of the 

COST 231 Hata model and COST 231 Hata modified 

model with the least squares method. 

B. Organization of the paper 

The rest of this paper is organized as follows. In 

Section II, measurement procedure includes investigating 

Msallata city area, distribution of base stations by 

Almadar Network in the area of Msallata city, measuring 

received power at each base stations in the area of 

Msallata city and finally, using Matlab simulation to 

assess measured data. Conclusions are given in Section 

III. 

Next, measurement procedure will be presented. 

 

II. MEASUREMENT PROCEDURE 

A.  Area of Mselata under investigation 

The region under investigation is a mountainous 

terrain situated on Msallata city, which lies on the north-

west of Libya. The city center of Msallata is 198 meters 

above sea level. and is characterized by scattered trees, 

shrubs and houses. The mountains constitute obstacles of 

irregular shape, and form diffraction paths.  The average 

mountain height is about 40 meters. 

 

 

Fig (1): The region under investigation is a mountainous terrain 

situated on Msallata city, which lies on the north-west of Libya 

(courtesy of Google earth). 
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B. Distribution of base stations by Almadar network in 

the area of Msallata city 

Measurements were taken from 4 different base 

stations of a mobile network service provider (Almadar 

Co., Libya), situated within the terrain. The instrument 

used was a Cellular Mobile Network Analyses (SAGEM 

OT 290) capable of measuring signal strength in decibel 

milliwatts (dBm). Readings were taken within the 

900MHz frequency band at intervals of 0.2 kilometer, 

after an initial separation of 0.1 kilometer away from the 

base station. 

 

 

Fig (2): Distribution of base stations in Msallata city by 

Almadar Co., Libya (courtesy of Google earth) 

 

Mean transmitter height, HT is 34 meters, the mean 

effective isotropic radiated Power (EIRP) is 47 dBm and 

operating frequency (fC ) is = 900MHz. 

C. Measuring received power at each base stations in 

the area of Msallata city  

Received power values were recorded at various 

distances from each of the four base stations named 

BST1in ancient castle, BST2 in street 20 Ramadan, BST3 

in the Palestine street, and BST4 in street 3 Ramadan. For 

every received power value, the corresponding path loss 

was computed by using the formula: 

                                            (1) 

Where Lp is Path loss, EIRP is effective isotropic radiated 

power and pr Received power. 

 

 

 

 

 

 

 

 

 

Table (1): Received power from base stations at various points 

 

D. Matlab simulation results and discussions: 

The mean prediction errors (MPE) and the root 

mean square errors (RMSE) for the standard and the 

modified COST-231 Hata models were computed by 

software of MATLAB. 

 BST1 BST2 BST3 BST4 Mean 

D(km) PR(dBm)  PR(dBm) PR(dBm) PR(dBm) PR(dBm) 

0.10 -50  -48  -54 -51 -51 

0.30 -54  -63  -52 -59 -57 

0.50 -53  -61  -66 -62 -61 

0.70 -53  -69  -69 -63 -64 

0.90 -52  -68  -68 -65 -63 

1.10 -56  -68  -79 -72 -69 

1.30 -58  -78  -77 -69 -71 

1.50 -68  -79  -86 -75 -77 

1.70 -78  -71  -85 -77 -78 

1.90 -70  -87  -77 -82 -79 

2.10 -67  -77  -81 -78 -76 

2.30 -76  -83  -88 -82 -82.3 

2.50 -73  -85  -97 -87 -85.5 

2.70 -92  -85  -93 -91 -90 

2.90 -89  -94  -106 -95 -96 

3.10 -91  -94  -103 -96 -96 
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Fig.(3): Graphical comparison of the COST 231 Hata model 

with the least squares method 

Figure (3) illustrates a graphical comparison of the 

COST 231 Hata model with the least squares 

approximation technique. The least squares function 

represents the best-fit curve through mean measured path 

loss points. It can be seen that the COST 231 Hata model 

overestimates the path loss, obviously due to differences 

in terrain clutter and other geographical features from the 

COST 231 Hata model European environment. 

The least squares parabolic equation was found to 

be: 

             (2) 

Where, LS is the least squares path loss function, d is 

receiver-transmitter separation in kilometers. 

The MPE of the COST-231 Hata model prediction 

relative to the least squares prediction was computed 

using the formula:  

                                  (3)  

Where PP is COST 231 Hata predicted path loss, LS is 

least squares path loss function and N is the number of 

values considered. 

The RMSE was computed using the formula: 

                                         (4) 

The COST 231 Hata MPE and RMSE for the 

environment were found to be 8.15dB and 10dB 

respectively. According to [1], any RMSE up to 6dB is 

acceptable. It therefore, implies that the COST 231 Hata 

model is not acceptable for path loss prediction across the 

terrain.   

The path loss equation for the COST 231 Hata 

Model is formulated as follows: 

                                                                                       (5) 

And, by subtracting the RMSE value 10.25dB from the 

COST 231 Hata model and substituting C with zero, the 

modified equation becomes, 

                                                                          (6) 

      

Fig.(4): Graphical comparison of the modified COS231 Hata 

model with the least squares method. 

Figure (4) depicts the modified result of Hata equation 

in sub-urban area and the practical measured values. The 

difference between the modified equation and the MSE in 

this case is less than 6dB, which is acceptable . 

III. CONCLUSIONS 

The simulation results indicated that the modified 

COST-231 Hata model can be used in place of the least 

squares function, and is thus, valid for path loss 

prediction across the terrain in Msallata city area. 

Investigating this model in other cities in Libya is 

ongoing work.  

 

 



493 

ICTS32830112020-CM2019 

 

 

 

REFERENCES 

[1] Andrea Goldsmith, Wireless Communications. Cambridge 

University Press, 2005. 

[2] Heikki Koivo, Mohammed Elmusrati, H. Systems 

engineering in wireless communications. John Wiley & 

Sons Ltd,  2009. 

[3] Williant Stallings, Wireless Communications and Networks. 

Pearson Education, Inc., 2005. 

[4] Fuqin Xiong, Digital Modulation Techniques., Artech 

House, Inc. , 2009. 

[5] Sana Salous, Radio propagation measurement and channel 

modelling. A John Wiley & Sons, Ltd., Publication, 2013. 

 


