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Abstract— In this paper, Hata-Okumura model-
based characterisation of propagation loss for a 
market in urban area is studied. The case study 
area is a market in the city of Uyo in Akwa Ibom 
State, Nigeria. The field measurement of Received 
Signal Strength Intensity (RSSI) was conducted 
for cellular network in the 1800 MHz frequency. 
Samsung Galaxy S4 phone with Android app, G-
NetTrack Lite 8.0 installed was used to capture the 
RSSI of the cellular network.  In this paper, in 
order to accurately characterize the propagation 
loss of the study area, the Hata-Okumura 
propagation loss model, also known as the Hata 
propagation loss model is tuned based on field 
measured data in the case study area.  Three 
different approaches are employed in the tuning 
of the Hata-Okumura propagation loss model. The 
first tuning approach (method I) is the Root Mean 
Square Error (RMSE)-based tuning approach. The 
second approach (method II) is a function of 
residue method. The third approach (method III) is 
parameter tuning method in which the distance, d 
was remodelled as a logarithm function. The 
measurement campaign was conducted three 
times and the three datasets were merged and 
then divided into two parts of 75% of the dataset 
which was used for the model training and the 
remaining 25 % of the dataset which was used for 
the cross validation of the model. According to 
the results, the tuning method III has the best 
results with the lowest root mean square error 
(RMSE) of 2.3856 dB, the lowest range of error 
value of 8.8903 dB, and the lowest maximum 
absolute error value of 4.6528 dB. The tuning 
approach I has the worst results compared to the 
other two methods. The first approach has the 
highest RMSE of 2.9850 dB, the highest range of 
error value of 11.6966 dB and the highest 
maximum absolute error value of 6.2742dB. The 
results showed that the tuned Hata-Okumura 
model using the second and third tuning methods 
predicted the cross validation data better than the 
training data. In essence, the tuned model 

effectively characterized the propagation loss in 
the case study market. 
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1.  Introduction 

In the wireless communication industry, accurate estimation 
of the propagation loss in any given area of interest is 
essential for effective deployment of wireless service in that 
area [1,2, 3, 4, 5,]. This is because of the inherent factors in 
the vicinity of the signal propagation path which can cause 
different forms of wireless signal degradations 
[6,7,8,9,10,11,12]. These factors and the resulting signal 
degradation can affect the communication range and other 
quality of service of the wireless communication system 
[13,14, 15,16, 17,18, 19,20, 21,22, 23,24 ,25]. Notably, the 
signal degradation is suffered in both terrestrial and satellite 
wireless communication links 
[26,27,28,29,30,31,32,33,34]. However, the specific factors 
that affect the satellite signals may differ in some ways 
from those that apply to terrestrial wireless communication 
links.   
In any case, over the years, some wireless signal 
propagation loss models have been developed to enable 
prediction of propagation loss in a given area 
[35,36,37,38,39,40, 41,42,43,44,45,46,47,48,49,50].  While 
some of the propagation loss models are empirically 
developed based on field measurements, some are 
analytically developed by modelling different aspects of 
environmental factors that can cause signal strength 
degradation [51,52,53,54,55,56,57].  
Among the empirical propagation loss models, Hata-
Okumura is a leading model which can be used to estimate 
the propagation loss for rural, suburban and urban areas 
[58, 59, 60, 61, 62,63]. In this paper, the propagation loss in 
a market located in Uyo, the main city in Akwa Ibom State, 
Nigeria is studied. The study focus is on accurate 
characterization of the propagation loss in the market area 
by using the Hata-Okumura model for urban area.  
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Importantly, experts have noted that some form of model 
tuning may be required to enhance the prediction 
performance of most of the empirically developed models, 
especially when applied to an area other than the place 
where the model was originally developed. In addition, 
there are different was the model tuning can be performed, 
each method gives different result and prediction 
performance. Hence, in this paper, three different model 
tuning approaches are applied to the Hata-Okumura model 
for urban area and their prediction performances are 
compared.  

2. Methodology 
2.1 The Hata-Okumura Propagation Loss Model  

The Hata-Okumura propagation loss model, also known as 
the Hata propagation loss model utilized the information 
from Okumura model  to develop the propagation loss 
model for urban areas which is further adapted for other 
areas such as the suburban area and the open area [58,59, 
60, 61,62,63,64]. The Hata-Okumura propagation loss 
model is expressed analytically as follows[58,59, 60]; 

𝐿𝑃ு஺்஺  ൌ 𝐴 ൅ 𝐵 ∗ logଵ଴ሺ𝑑ሻ െ  𝐾                    (5) 

𝐴 ൌ 69.55 ൅ 26.16 ∗ logଵ଴ሺ𝑓ሻ െ 13.82 ∗ logଵ଴ሺℎ௕ሻ  െ 𝑎ሺℎ௠ሻ (6) 

𝐵 ൌ 44.9 െ  6.55 ∗ logଵ଴ሺℎ௕ሻ   (7) 

𝐾 ൌ

൞

 0                                                                         𝑐𝑖𝑡𝑦 𝑜𝑟 𝑢𝑟𝑏𝑎𝑛 

 5.4 ൅   2 ∗ ቂlogଵ଴ ቀ
௙

ଶ଼
ቁቃ

ଶ
                      𝑠𝑢𝑏𝑢𝑟𝑏𝑎𝑛 

 40.94 ൅   4.78 ∗ ሾlogଵ଴ሺ𝑓ሻሿଶ  െ 18.33 ∗ logଵ଴ሺ𝑓ሻ    𝑟𝑢𝑟𝑎𝑙 

    (8) 

Where the antenna height correction factor  , 𝑎ሺℎ௠ሻ is 
expressed as; 

𝑎ሺℎ௠ሻ ൌ

൞

 ሾ1.1 ∗ logଵ଴ 𝑓 െ 0.7ሿ ∗ ℎ௠ െ ሾ1.56 ∗ logଵ଴ 𝑓 െ 0.8ሿ   𝑟𝑢𝑟𝑎𝑙/𝑠𝑢𝑏𝑢𝑟𝑏𝑎𝑛  

 8.28 ∗ ሾlogଵ଴ሺ1.54 ∗ ℎ௠ሻሿଶ െ 1.1        𝑓𝑜𝑟 𝑙𝑎𝑟𝑔𝑒  𝑐𝑖𝑡𝑦  f ൑  200MHz   

 3.2 ∗ ሾlogଵ଴ሺ11.75 ∗ ℎ௠ሻሿଶ െ 4.97         𝑓𝑜𝑟 𝑙𝑎𝑟𝑔𝑒  𝑐𝑖𝑡𝑦   f ൒  400MHz   
(9) 

 f  is frequency  in MHz ; d is the link distance in 
km 

 150 MHz≤ f≤ 1000MHz; 30m ≤ℎ௕ ≤ 200m ;1m≤ 
ℎ௠≤ 10 m and 1 km ≤ d ≤ 20km 

2.2  Tuning of the Hata-Okumura Propagation Loss 
Model  

Normally, the classical Hata-Okumura propagation loss 
model may not accurately predict the pathloss   for a given 
case study site. In such case,  the usual practice is to tune or 
adjust some parameters of the classical Hata-Okumura 
propagation loss model so that it can predict better and 
hence be more effective in characterizing the propagation 
loss in the case study area.   In this paper, three different 
approaches are employed in the tuning of the Hata-
Okumura propagation loss model. Also, the study was 
conducted for urban area (city).  
 
2.2.1  Model Tuning Approach I: the root mean square 

error-based propagation loss tuning approach 
The first tuning method is the root mean square error-based 
propagation loss tuning approach. In this approach, the 

error (e) is computed along with sum of error (SE) and the 
root mean square error (RMSE), where  𝑒௜ is given as; 

  𝑒௜ ൌ 𝑃𝐿௠௘௔௦ሺ௜ሻ െ  𝑃𝐿ு௔௧௔ሺ௜ሻ            (10) 

   𝑆𝐸 ൌ ∑ ሺ 𝑒௜ሻ
௜ୀ௡
௜ୀଵ ൌ ∑ ൫𝑃𝐿௠௘௔௦ሺ௜ሻ െ  𝑃𝐿ு௔௧௔ሺ௜ሻ൯௜ୀ௡

௜ୀଵ        
     (11) 

𝑅𝑀𝑆𝐸 ൌ  ට൬ଵ

௡
൫∑ ሺ 𝑒௜ሻଶ௜ୀ௡

௜ୀଵ ൯൰
మ

                    (12) 

Where , 𝑃𝐿௠௘௔௦ሺ௜ሻ  is the measured propagation loss at the 
data point i and 𝑃𝐿ு௔௧௔ሺ௜ሻ is the Hata-Okumura predicted 
propagation loss at data point i, where there is a total of n 
data points in the study. The tuned Hata-Okumura predicted 
propagation loss using this first approach is denoted as  
𝑃𝐿ு௔௧௔்௨௡௘ௗ_ூ_ሺ௜ሻ  and it is given as;  

𝑃𝐿ு௔௧௔்௨௡௘ௗ_ூ_ሺ௜ሻ ൌ ቊ
𝑃𝐿ு௔௧௔ሺ௜ሻ ൅  𝑅𝑀𝑆𝐸        𝑖𝑓 𝑆𝐸 ൒ 0
𝑃𝐿ு௔௧௔ሺ௜ሻ െ  𝑅𝑀𝑆𝐸        𝑖𝑓 𝑆𝐸 ൏ 0       

     (13) 

2.2.2  Model Tuning Approach II: The function of 
residue method 
In function of residue method, the propagation loss 
prediction error (residue) in Eq 10 is expressed as an 
exponential function of distance, d and then the result of the 
computed residue is added to 𝑃𝐿ு௔௧௔ሺ௜ሻ to obtain the tuned 
model as follows;  

 𝑒௜ ൌ Kଵሺ𝑑୏మሻ    (14) 

In this paper, the values of Kଵ and Kଶ are determined using 
trend line and Solver tools in Microsoft Excel. The tuned 
Hata-Okumura predicted propagation loss using the second 
approach is denoted as  𝑃𝐿ு௔௧௔்௨௡௘ௗ_ூூ_ሺ௜ሻ  and it is given as;  

𝑃𝐿ு௔௧௔்௨௡௘ௗ_ூூ_ሺ௜ሻ ൌ 𝑃𝐿ு௔௧௔ሺ௜ሻ ൅ Kଵሺ𝑑୏మሻ            
 (13) 

2.2.3  Model Tuning Approach III: The model 
parameter tuning method 
In model parameter tuning method, the log of distance, 
Log(d), in the Hata model of Eq 5 is expressed as 
(Mଵ+(Mଶ*LOG(d))). In this paper, the values of Mଵ and Mଶ 
are determined using trend line and solver tools in 
Microsoft Excel. The tuned Hata-Okumura predicted 
propagation loss using the third approach is denoted as  
𝑃𝐿ு௔௧௔்௨௡௘ௗ_ூூூ_ሺ௜ሻ  and it is given as;  

𝑃𝐿ு௔௧௔்௨௡௘ௗ_ூூூ_ሺ௜ሻ ൌ 𝐴 ൅ 𝐵 ∗ ൫ሺMଶ ∗ LOGሺdሻሻ ൅
LOGሺMଵሻ൯ െ  𝐾      (14) 

In essence, rather than using d, as it is in the classical Hata 
model, the third tuning approach used 𝑑 ൌ Mଵሺ𝑑୑మሻ which 
when expressed in logarithm it gives ሺMଶ ∗ LOGሺdሻሻ ൅
LOGሺMଵሻ. 

2.3  The Performance Metric 

The result from three tuning approaches are compared 
using the RMSE and the range of prediction error, as well 
as the absolute maximum error. The propagation loss 
prediction error after tuning is denoted as  𝑒௜_௧௨௡௘ௗ_௑  and 
also the RMSE after tuning is denoted 
𝑅𝑀𝑆𝐸_௧௨௡௘ௗ_௑ where; 

 𝑒௜_௧௨௡௘ௗ_௑ ൌ 𝑃𝐿௠௘௔௦ሺ௜ሻ െ 𝑃𝐿ு௔௧௔்௨௡௘ௗ_௑_ሺ௜ሻ       (15) 
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𝑅𝑀𝑆𝐸_௧௨௡௘ௗ_௑ ൌ

 ට൬ଵ

௡
ቀ∑ ൫𝑃𝐿௠௘௔௦ሺ௜ሻ െ  𝑃𝐿ு௔௧௔்௨௡௘ௗ_௑_ሺ௜ሻ൯

ଶ௜ୀ௡
௜ୀଵ ቁ൰

మ
    (16) 

Where X = I for the first tuning approach, X = II for the 
second tuning approach and X = III for the third tuning 
approach. s  where 

The error range consists of the maximum error,  𝑒௜ሺ௠௔௫ሻ and 
the minimum error,  𝑒௜ሺ௠௜௡ሻ where,  

 𝑒ሺ௠௔௫ሻ ൌ 𝑚𝑎𝑥𝑖𝑚𝑢𝑚൫ 𝑒௜_௧௨௡௘ௗ_௑൯𝑓𝑜𝑟 𝑖 ൌ1,2,3,…,n      (17) 

 𝑒ሺ௠௜௡ሻ ൌ 𝑚𝑖𝑛𝑖𝑚𝑢𝑚൫ 𝑒௜_௧௨௡௘ௗ_௑൯𝑓𝑜𝑟 𝑖 ൌ1,2,3,…,n      (18) 

The absolute maximum error, 
𝑒𝐴𝑀𝐴𝑋 ൌ  𝑚𝑎𝑥𝑖𝑚𝑢𝑚൫ห𝑒ሺ௠௔௫ሻห, ห𝑒ሺ௠௜௡ሻห൯         (19) 

 

2.3  The field measured data 

The field measurement of received signal strength intensity 
(RSSI) was conducted for cellular network in the 1800 
MHz frequency. The case study area is a market in the city 
of Uyo in Akwa Ibom State, Nigeria. Samsung Galaxy S4 
phone with Android app, G-NetTrack Lite 8.0 installed was 
used to capture the RSSI of the cellular network. 
Subsequently, the link budget equation was used to convert 
the RSSI values to measured path propagation loss values. 
The measurement campaign was conducted three times and 
the three datasets were merged and then divided into two 
parts of 75% of the dataset which was used for the model 
training and the remaining 25 % of the dataset which was 
used for the cross validation of the model. The field 
measured propagation loss  (dB) for  dataset I is shown in 
Figure 1, while that of dataset II and dataset III are shown 
in Figure 2 and Figure 3 respectively. The training dataset 
which is 75 % of the field measured propagation loss data 
items is shown in Table 1. 

 

 

Figure 1  Field Measured Propagation loss  (dB) for  Dataset I 
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Figure 2  Field Measured Propagation loss  (dB) for  Dataset II 

 

 

Figure 3  Field Measured Propagation loss  (dB) for  Dataset III 

 

 

Table  1 The training dataset which is 75 % of the field measured propagation loss data items 

S/N  d (km) 
Measured 
loss  (dB) 

S/N 
d 

(km) 
Measured 
loss  (dB) 

S/N 
d 

(km) 
Measured 
loss  (dB) 

S/N  d (km) 
Measured 
(dBm) 

1  0.477  124.6  24  0.695  136.9  47  0.805  138.8  70  0.964  142.4 

2  0.480  125.4  25  0.699  135.0  48  0.809  138.3  71  0.965  142.6 

3  0.488  126.5  26  0.700  137.4  49  0.845  137.4  72  0.972  145.2 

4  0.496  126.7  27  0.711  138.9  50  0.851  134.9  73  0.972  146.3 

5  0.499  126.1  28  0.731  139.4  51  0.851  137.1  74  0.975  144.6 

6  0.507  125.6  29  0.733  137.0  52  0.856  134.9  75  0.978  142.6 

7  0.515  126.7  30  0.734  138.6  53  0.864  134.8  76  0.980  145.0 

8  0.518  126.6  31  0.736  139.6  54  0.869  137.4  77  0.981  143.5 
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9  0.526  125.4  32  0.738  138.7  55  0.869  138.1  78  0.986  139.3 

10  0.591  130.5  33  0.739  139.7  56  0.875  137.8  79  0.986  140.7 

11  0.595  130.2  34  0.747  140.0  57  0.888  136.2  80  0.991  140.0 

12  0.604  130.6  35  0.749  136.8  58  0.895  137.5  81  0.996  139.5 

13  0.608  128.4  36  0.750  135.0  59  0.901  142.3  82  0.997  142.5 

14  0.611  128.9  37  0.770  138.7  60  0.915  136.3  83  1.001  139.6 

15  0.612  130.1  38  0.775  140.3  61  0.922  136.2  84  1.004  145.1 

16  0.615  130.0  39  0.786  141.1  62  0.928  137.4  85  1.011  140.1 

17  0.621  130.8  40  0.787  140.6  63  0.942  137.4  86  1.012  145.0 

18  0.625  132.6  41  0.788  137.5  64  0.943  140.0  87  1.018  143.9 

19  0.643  132.3  42  0.791  137.1  65  0.950  140.0  88  1.025  142.6 

20  0.647  133.9  43  0.792  138.1  66  0.951  145.0  89  1.026  141.4 

21  0.657  134.3  44  0.793  140.3  67  0.957  143.0  90  1.040  144.0 

22  0.684  134.4  45  0.797  137.2  68  0.957  144.3 

23  0.688  132.6  46  0.804  139.6  69  0.963  143.9 

 

 

3.  Results and discussion  

The training dataset was used to determine the values of the 
parameters used in the model tuning process. First, the 
Hata-Okumura model was applied to the training dataset 
(Figure 4) and a RMSE error of  8.695194 dB was obtained 
without  tuning  while  the  RMSE  obtained  with  the  cross 
validation  dataset  (Figure  5)  was    8.799818dB  without 
tuning model.  
The  three  tuning approaches were applied  to  the training 
dataset  and  the  RMSE  values,  the  minimum  error,  the 

maximum  error,  the  range  of  error  and  the  maximum 
absolute error were determined for each tuning approach. 
The results of the tuning of  the training dataset using the 
three  tuning approaches are  shown  in Table 2 and Figure 
6. According to the results in Table 1, the tuning method III 
has the best results with the lowest RMSE of 2.3856 dB 
(Figure 7), the lowest range of error value of 8.8903 dB 
(Figure 8),  and the lowest maximum absolute error value 
of 4.6528  dB (Figure 9). The tuning approach I has the 
worst results compared to the other two methods. The first 
approach has the highest RMSE of 2.9850  dB,  the highest 
range of error value of 11.6966  dB and the highest  
maximum absolute error value of 6.2742dB. 

 

 

Figure 4  Measured	and	predicted		propagation	loss	(dB)	based	on	the	training	dataset 
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Figure 5 Measured	and	predicted		propagation	loss	(dB)	based	on	the	cross	validation	dataset 
 

Table  2 The results of the tuning of the training dataset using the three tuning approaches 

RMSE  
(dB) 

𝐌𝐢𝐧𝐢𝐦𝐮𝐦 𝐄𝐫𝐫𝐨𝐫 , 𝒆ሺ𝒎

(dB) 

𝐌𝐚𝐱𝐢𝐦𝐮𝐦 𝐄𝐫𝐫𝐨𝐫,
𝒆ሺ𝒎𝒂𝒙ሻ (dB) 

Range of 
Error (dB) 

Maximum Absolute Error, 
𝒆𝑨𝑴𝑨𝑿 (dB) 

Not tuned   8.6952  2.4210  14.1176  11.6966  14.1176 

Tuning 
method  I  2.9850  ‐6.2742  5.4224  11.6966  6.2742 

Tuning 
method  II  2.4790  ‐4.3888  4.7013  9.0901  4.7013 

Tuning 
method  III  2.3856  ‐4.6528  4.2376  8.8903  4.6528 
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Figure 6 Measured	,	tuned	and	un‐tuned	Hata‐Okumura	model		predicted		propagation	loss	(dB)	based	on	the	

training	dataset 
 
The  cross  validation  dataset  and  the  un‐tuned  Hata‐
Okumura model  applied  to  the  cross  validation dataset  is 
shown in Table 3. Also, the results of the three tuned Hata‐
Okumura model applied to the cross validation dataset are 
shown in Table 4 and Figure 10. The bar chart of the RMSE 
of  the  three  tuned  Hata‐Okumura  based  on  the  training 
dataset  and  the  cross  validation  dataset  is  presented  in 

Figure  11.    The results showed that the tuned Hata-
Okumura model using the second and third tuning methods 
predicted the cross validation data better than the training 
data. In essence, the tuned model effectively characterized 
the propagation loss in the case study market. 

 
 

 
Figure 7 Bar	chart	of	the	RMSE	of	the	three	tuned	Hata‐Okumura	based	on	the	training		dataset 
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Figure 8 Bar	chart	of	the	range	of	error	of	the	three	tuned	Hata‐Okumura	based	on	the	training		dataset 

 

 
Figure 9 Bar	chart	of	the	maximum	absolute	error	of	the	three	tuned	Hata‐Okumura	based	on	the	training		

dataset 
 

Table  3 The cross validation dataset  and the un-tuned Hata-Okumura model applied to the cross validation dataset  

S/N  d (km) 

Field Measured 
Propagation 
loss  (dBm) 

Un‐tuned 
Hata‐

Okumura  
Urban (dB) 

Tuned Hata‐
Okumura  
Urban (dB) 
Method I 

Tuned Hata‐
Okumura  
Urban (dB) 
Method II 

Tuned Hata‐
Okumura  
Urban (dB) 
Method III 

1  0.573  128.1 124.3 133.0 129.5 130.0 

2  0.577  128.2 124.4 133.1 129.7 130.2 

3  0.586  128.2 124.6 133.3 130.0 130.5 

4  0.627  129.9 125.6 134.3 131.4 132.1 

5  0.631  128.7 125.7 134.4 131.6 132.2 

6  0.641  131.0 125.9 134.6 131.9 132.5 

7  0.707  138.9 127.4 136.1 134.1 134.8 

8  0.711  137.5 127.5 136.2 134.3 134.9 

9  0.722  135.0 127.7 136.4 134.6 135.3 

10  0.752  135.0 128.3 137.0 135.6 136.2 

11  0.757  135.0 128.4 137.1 135.7 136.4 

12  0.769  136.3 128.7 137.4 136.1 136.7 

13  0.790  137.2 129.1 137.8 136.7 137.3 

14  0.795  139.7 129.2 137.9 136.9 137.5 

15  0.807  139.2  129.4  138.1  137.2  137.8 

16  0.856  136.1 130.3 139.0 138.7 139.1 

Not tuned Tuning method  I Tuning method  II
Tuning method

III

Range of Error (dB) 11.6966 11.6966 9.0901 8.8903
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17  0.862  138.4 130.4 139.1 138.8 139.3 

18  0.875  138.5 130.6 139.3 139.2 139.6 

19  0.936  141.6 131.6 140.3 141.0 141.2 

20  0.942  137.4 131.7 140.4 141.1 141.3 

21  0.956  142.2 131.9 140.6 141.5 141.7 

22  0.961  145.1 132.0 140.7 141.7 141.8 

23  0.967  140.1 132.1 140.8 141.8 141.9 

24  0.982  145.1  132.3  141.0  142.2  142.3 

25  0.985  140.1  132.4  141.1  142.3  142.3 

26  0.992  143.8  132.5  141.1  142.5  142.5 

27  1.007  146.3  132.7  141.4  142.9  142.8 

28  1.034  143.7  133.1  141.8  143.6  143.4 

29  1.040  144.0  133.2  141.9  143.8  143.6 

30  1.056  144.3  133.4  142.1  144.2  143.9 

 
 

 

Figure 10 Measured	,	tuned	and	un‐tuned	Hata‐Okumura	model		predicted		propagation	loss	(dB)	based	on	the	
cross	validation	dataset	

 
Table  4 The results of the three tuned Hata-Okumura model applied to the cross validation dataset  

RMSE  (dB)   𝒆ሺ𝒎𝒊𝒏ሻ (dB)  𝒆ሺ𝒎𝒂𝒙ሻ (dB)  Error Range  (dB)  Absolute Maximum Error, 𝒆𝑨𝑴𝑨𝑿 (dB) 

Not tuned   8.7998  3.0183  13.6398  10.6216  13.6398 

Tuning method  I  2.9976  ‐5.6769  4.9446  10.6216  4.9446 

Tuning method  II  2.0709  ‐3.7610  4.7559  8.5169  4.7559 

Tuning method  III  2.1178  ‐3.9562  4.0998  8.0560  4.0998 
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Figure 11Bar	chart	of	the	RMSE	of	the	three	tuned	Hata‐Okumura	based	on	the	training	dataset	and	the	cross	

validation	dataset 
 

4. Conclusion  

The propagation loss in a market was studied and 
characterized using the popular Hata-Okumura model. The 
received signal strength intensity was measured using 
android phone and three datasets were captured. The three 
datasets were merged and a portion of the merged dataset 
was used to train the Hata-Okumura model. Specifically, 
three different tuning approaches were used to tune the 
Hata-Okumura model and the models performance was 
cross validated using another portion of the field measured 
dataset that was set aside for cross validation. The results 
showed that two out of the three tuning methods performed 
very well in both the training dataset and in the cross 
validation dataset. 

 

References 
1. Liu, B., Yan, Z., & Chen, C. W. (2016). 

Medium access control for wireless body 
area networks with QoS provisioning and 
energy efficient design. IEEE transactions on 
mobile computing, 16(2), 422-434. 

2. Kalu, C., Ozuomba, Simeon. & Udofia, K. 
(2015). Web-based map mashup application for 
participatory wireless network signal strength 
mapping and customer support 
services. European Journal of Engineering and 
Technology, 3 (8), 30-43. 

3. Azari, M. M., Sallouha, H., Chiumento, A., 
Rajendran, S., Vinogradov, E., & Pollin, S. 
(2018). Key technologies and system trade-
offs for detection and localization of amateur 
drones. IEEE Communications Magazine, 56(1), 
51-57. 

4. Abdollahzadeh, S., & Navimipour, N. J. 
(2016). Deployment strategies in the wireless 

sensor network: A comprehensive 
review. Computer Communications, 91, 1-16. 

5. Yang, N., Wang, L., Geraci, G., Elkashlan, 
M., Yuan, J., & Di Renzo, M. (2015). 
Safeguarding 5G wireless communication 
networks using physical layer security. IEEE 
Communications Magazine, 53(4), 20-27. 

6. Imoh-Etefia, Ubon Etefia, Ozuomba Simeon, 
and Stephen Bliss Utibe-Abasi. (2020).  
"Analysis Of Obstruction Shadowing In 
Bullington Double Knife Edge Diffraction Loss 
Computation." Journal of Multidisciplinary 
Engineering Science Studies (JMESS) Vol. 6 
Issue 1, January – 2020   

7. Kaushal, H., & Kaddoum, G. (2016). Optical 
communication in space: Challenges and 
mitigation techniques. IEEE communications 
surveys & tutorials, 19(1), 57-96. 

8. Schwarz, S., Philosof, T., & Rupp, M. (2017). 
Signal processing challenges in cellular-
assisted vehicular communications: Efforts 
and developments within 3GPP LTE and 
beyond. IEEE Signal Processing 
Magazine, 34(2), 47-59. 

9. Simeon, Ozuomba, Ezuruike Okafor SF, and 
Bankole Morakinyo Olumide (2018). 
Development of Mathematical Models and 
Algorithms for Exact Radius of Curvature Used 
in Rounded Edge Diffraction Loss 
Computation. Development, 5(12). Journal of 
Multidisciplinary Engineering Science and 
Technology (JMEST) Vol. 5 Issue 12, December 
– 2018 

10. Jaber, M., Imran, M., Tafazolli, R., & 
Tukmanov, A. (2015, June). An adaptive 

Tuning method  I Tuning method  II Tuning method  III

RMSE  (dB)Training Dataset 2.985 2.479 2.3856

RMSE  (dB) Cross Validation
Dataset 2.9976 2.0709 2.1178

2

2.1

2.2

2.3

2.4

2.5

2.6

2.7

2.8

2.9

3

R
M

SE
 (

dB
)



Journal of Multidisciplinary Engineering Science and Technology (JMEST) 
ISSN: 2458-9403 

Vol. 9 Issue 3, March - 2022 

www.jmest.org 
JMESTN42354045 15301 

backhaul-aware cell range extension 
approach. In 2015 IEEE international 
conference on communication workshop 
(ICCW) (pp. 74-79). IEEE. 

11. Li, Y., Zhuang, Y., Hu, X., Gao, Z., Hu, J., 
Chen, L., ... & El-Sheimy, N. (2020). Toward 
location-enabled IoT (LE-IoT): IoT 
positioning techniques, error sources, and 
error mitigation. IEEE Internet of Things 
Journal, 8(6), 4035-4062. 

12. Dialoke, Ikenna Calistus, Ozuomba Simeon, and 
Henry Akpan Jacob. (2020) "ANALYSIS OF 
SINGLE KNIFE EDGE DIFFRACTION LOSS 
FOR A FIXED TERRESTRIAL LINE-OF-
SIGHT MICROWAVE COMMUNICATION 
LINK."   Journal of Multidisciplinary 
Engineering Science and Technology (JMEST)   
Vol. 7 Issue 2, February – 2020 

13. Simeon, Ozuomba. (2020).  "Analysis Of 
Effective Transmission Range Based On Hata 
Model For Wireless Sensor Networks In The C-
Band And Ku-Band."  Journal of 
Multidisciplinary Engineering Science and 
Technology (JMEST)   Vol. 7 Issue 12, 
December - 2020 

14. Liaskos, C., Nie, S., Tsioliaridou, A., 
Pitsillides, A., Ioannidis, S., & Akyildiz, I. 
(2018). A new wireless communication 
paradigm through software-controlled 
metasurfaces. IEEE	Communications	
Magazine, 56(9), 162-169. 

15. Ozuomba Simeon (2019) Evaluation Of 
Optimal Transmission Range Of Wireless 
Signal On Different Terrains Based On 
Ericsson Path Loss Model  Vol. 3 Issue 12, 
December – 2019 Available at : 
http://www.scitechpub.org/wp-
content/uploads/2021/03/SCITECHP42015
7.pdf 

16. Basar, E., Di Renzo, M., De Rosny, J., 
Debbah, M., Alouini, M. S., & Zhang, R. 
(2019). Wireless communications through 
reconfigurable intelligent surfaces. IEEE 
access, 7, 116753-116773. 

17. Johnson, Enyenihi Henry, Simeon Ozuomba, 
and Ifiok Okon Asuquo.  (2019). Determination 
of Wireless Communication Links Optimal 
Transmission Range Using Improved Bisection 
Algorithm. Universal Journal of 
Communications and Network, 7(1), 9-20. 

18. Cameron, R. J., Kudsia, C. M., & Mansour, 
R. R. (2018). Microwave filters for 
communication systems: fundamentals, design, 
and applications. John Wiley & Sons. 

19. Samuel, Wali, Simeon Ozuomba, and Philip M. 
Asuquo (2019). EVALUATION OF 
WIRELESS SENSOR NETWORK CLUSTER 

HEAD SELECTION FOR DIFFERENT 
PROPAGATION ENVIRONMENTS BASED 
ON LEE PATH LOSS MODEL AND K-
MEANS 
ALGORITHM. EVALUATION, 3(11).  Science 
and Technology Publishing (SCI & TECH) Vol. 
3 Issue 11, November - 2019 

20. Jagannath, J., Polosky, N., Jagannath, A., 
Restuccia, F., & Melodia, T. (2019). 
Machine learning for wireless 
communications in the Internet of Things: A 
comprehensive survey. Ad Hoc Networks, 93, 
101913. 

21. Samuel, W., Ozuomba, Simeon, & Constance, 
K. (2019). SELF-ORGANIZING MAP (SOM) 
CLUSTERING OF 868 MHZ WIRELESS 
SENSOR NETWORK NODES BASED ON 
EGLI PATHLOSS MODEL COMPUTED 
RECEIVED SIGNAL STRENGTH.  Journal of 
Multidisciplinary Engineering Science and 
Technology (JMEST) Vol. 6 Issue 12, December 
– 2019 

22. Kaushal, H., & Kaddoum, G. (2016). Optical 
communication in space: Challenges and 
mitigation techniques. IEEE communications 
surveys & tutorials, 19(1), 57-96. 

23. Njoku, Felix A., Ozuomba Simeon, and Fina 
Otosi Faithpraise (2019). Development Of 
Fuzzy Inference System (FIS) For Detection Of 
Outliers In Data Streams Of Wireless Sensor 
Networks. International Multilingual Journal 
of Science and Technology (IMJST) Vol. 4 
Issue 10, October - 2019 

24. Cattani, M., Boano, C. A., & Römer, K. 
(2017). An experimental evaluation of the 
reliability of lora long-range low-power 
wireless communication. Journal of Sensor 
and Actuator Networks, 6(2), 7. 

25. Simeon, Ozuomba. (2020).  "APPLICATION 
OF KMEANS CLUSTERING ALGORITHM 
FOR SELECTION OF RELAY NODES IN 
WIRELESS SENSOR 
NETWORK."  International Multilingual 
Journal of Science and Technology (IMJST)   
Vol. 5 Issue 6, June – 2020 

26. Xing, Y., & Rappaport, T. S. (2021). 
Propagation measurements and path loss 
models for sub-THz in urban 
microcells. arXiv preprint arXiv:2103.01151. 

27. Simeon, Ozuomba (2014)  "Fixed Point 
Iteration Computation Of Nominal Mean 
Motion And Semi Major Axis Of Artificial 



Journal of Multidisciplinary Engineering Science and Technology (JMEST) 
ISSN: 2458-9403 

Vol. 9 Issue 3, March - 2022 

www.jmest.org 
JMESTN42354045 15302 

Satellite Orbiting An Oblate Earth."  Journal of 
Multidisciplinary Engineering Science and 
Technology (JMEST)  Vol. 1 Issue 4, November 
– 2014 

28. Giambene, G., Luong, D. K., de Cola, T., & 
Muhammad, M. (2019). Analysis of a 
packet-level block coding approach for 
terrestrial-satellite mobile systems. IEEE 
Transactions on Vehicular Technology, 68(8), 
8117-8132. 

29. Yan, S., Cao, X., Liu, Z., & Liu, X. (2020). 
Interference management in 6G space and 
terrestrial integrated networks: Challenges 
and approaches. Intelligent and Converged 
Networks, 1(3), 271-280. 

30. Simeon, Ozuomba. (2016) "Comparative 
Analysis Of Rain Attenuation In Satellite 
Communication Link For Different Polarization 
Options."  Journal of Multidisciplinary 
Engineering Science and Technology (JMEST) 
Vol. 3 Issue 6, June – 2016 

31. Guidotti, A., Vanelli-Coralli, A., Caus, M., 
Bas, J., Colavolpe, G., Foggi, T., ... & 
Tarchi, D. (2017, May). Satellite-enabled 
LTE systems in LEO constellations. In 2017 
IEEE International Conference on 
Communications Workshops (ICC 
Workshops) (pp. 876-881). IEEE. 

32. Kaushal, H., & Kaddoum, G. (2015). Free 
space optical communication: challenges 
and mitigation techniques. arXiv preprint 
arXiv:1506.04836. 

33. Simeon, Ozuomba. (2017).  “Determination Of 
The Clear Sky Composite Carrier To Noise 
Ratio For Ku-Band Digital Video Satellite Link” 
Science and Technology Publishing (SCI & 
TECH)  Vol. 1 Issue 7, July – 2017 

34. Conti, M., Andrenacci, S., Maturo, N., 
Chatzinotas, S., & Vanelli-Coralli, A. (2020, 
June). Doppler impact analysis for nb-iot and 
satellite systems integration. In ICC 2020-
2020 IEEE International Conference on 
Communications (ICC) (pp. 1-7). IEEE. 

35. Lee, J., Tejedor, E., Ranta-aho, K., Wang, 
H., Lee, K. T., Semaan, E., ... & Jung, S. 
(2018). Spectrum for 5G: Global status, 
challenges, and enabling technologies. IEEE 
Communications Magazine, 56(3), 12-18. 

36. Akaninyene B. Obot , Ozuomba Simeon  and 
Afolanya J. Jimoh  (2011); “Comparative 
Analysis Of Pathloss Prediction Models For 
Urban Macrocellular” Nigerian Journal of 

Technology (NIJOTECH) Vol. 30,  No. 3 , 
October  2011 , PP  50  – 59 

37. Rappaport, T. S., Xing, Y., MacCartney, G. 
R., Molisch, A. F., Mellios, E., & Zhang, J. 
(2017). Overview of millimeter wave 
communications for fifth-generation (5G) 
wireless networks—With a focus on 
propagation models. IEEE Transactions on 
antennas and propagation, 65(12), 6213-6230. 

38. Seker, C., Güneser, M. T., & Ozturk, T. 
(2018, October). A review of millimeter wave 
communication for 5G. In 2018 2nd 
International Symposium on Multidisciplinary 
Studies and Innovative Technologies 
(ISMSIT) (pp. 1-5). Ieee. 

39. Akaninyene B. Obot , Ozuomba Simeon  and 
Kingsley M. Udofia  (2011); “Determination Of 
Mobile Radio Link Parameters Using The Path 
Loss Models” NSE Technical Transactions , A 
Technical Journal of The Nigerian Society Of 
Engineers,  Vol. 46,  No. 2 , April - June   2011 , 
PP  56 – 66. 

40. Dey, K. C., Rayamajhi, A., Chowdhury, M., 
Bhavsar, P., & Martin, J. (2016). Vehicle-to-
vehicle (V2V) and vehicle-to-infrastructure 
(V2I) communication in a heterogeneous 
wireless network–Performance 
evaluation. Transportation Research Part C: 
Emerging Technologies, 68, 168-184. 

41. Njoku Chukwudi Aloziem, Ozuomba Simeon, 
Afolayan J. Jimoh (2017) Tuning and Cross 
Validation of Blomquist-Ladell Model for 
Pathloss Prediction in the GSM 900 Mhz 
Frequency Band , International Journal of 
Theoretical and Applied Mathematics 

42. Mozaffari, M., Saad, W., Bennis, M., Nam, Y. 
H., & Debbah, M. (2019). A tutorial on UAVs 
for wireless networks: Applications, 
challenges, and open problems. IEEE 
communications surveys & tutorials, 21(3), 2334-
2360. 

43. Ozuomba, Simeon, Johnson, E. H., & Udoiwod, 
E. N. (2018). Application of Weissberger Model 
for Characterizing the Propagation Loss in a 
Gliricidia sepium Arboretum. Universal Journal 
of Communications and Network, 6(2), 18-23. 

44. Hur, S., Baek, S., Kim, B., Chang, Y., 
Molisch, A. F., Rappaport, T. S., ... & Park, J. 
(2016). Proposal on millimeter-wave channel 
modeling for 5G cellular system. IEEE journal 
of selected topics in signal processing, 10(3), 
454-469. 

45. Ikpehai, A., Adebisi, B., Rabie, K. M., Anoh, 
K., Ande, R. E., Hammoudeh, M., ... & 
Mbanaso, U. M. (2018). Low-power wide 
area network technologies for Internet-of-
Things: A comparative review. IEEE Internet 
of Things Journal, 6(2), 2225-2240. 

46. Constance, Kalu, Ozuomba Simeon, and 
Ezuruike Okafor SF. (2018). Evaluation of the 



Journal of Multidisciplinary Engineering Science and Technology (JMEST) 
ISSN: 2458-9403 

Vol. 9 Issue 3, March - 2022 

www.jmest.org 
JMESTN42354045 15303 

Effect of Atmospheric Parameters on Radio 
Pathloss in Cellular Mobile Communication 
System. Evaluation, 5(11). Journal of 
Multidisciplinary Engineering Science and 
Technology (JMEST) Vol. 5 Issue 11, November 
- 2018 

47. Imoize, A. L., Ibhaze, A. E., Ezeador, P. O., 
& Ajose, S. O. (2018). Determination of best-
fit propagation models for pathloss prediction 
of a 4G LTE network in suburban and urban 
areas of Lagos, Nigeria. 

48. Sulyman, A. I., Alwarafy, A., MacCartney, G. 
R., Rappaport, T. S., & Alsanie, A. (2016). 
Directional radio propagation path loss 
models for millimeter-wave wireless 
networks in the 28-, 60-, and 73-GHz 
bands. IEEE Transactions on Wireless 
Communications, 15(10), 6939-6947. 

49. Kalu Constance, Ozuomba Simeon, Umana, 
Sylvester Isreal (2018). Evaluation of Walficsh-
Bertoni Path Loss Model Tuning Methods for a 
Cellular Network in a Timber Market in Uyo. 
Journal of Multidisciplinary Engineering 
Science Studies (JMESS)  Vol. 4 Issue 12, 
December - 2018 

50. Nagatsuma, T., Ducournau, G., & Renaud, 
C. C. (2016). Advances in terahertz 
communications accelerated by 
photonics. Nature Photonics, 10(6), 371-379. 

51. Yun, Z., & Iskander, M. F. (2015). Ray 
tracing for radio propagation modeling: 
Principles and applications. IEEE Access, 3, 
1089-1100. 

52. Samimi, M. K., & Rappaport, T. S. (2016). 3-
D millimeter-wave statistical channel model 
for 5G wireless system design. IEEE 
Transactions on Microwave Theory and 
Techniques, 64(7), 2207-2225. 

53. Sun, S., MacCartney, G. R., & Rappaport, T. 
S. (2017, May). A novel millimeter-wave 
channel simulator and applications for 5G 
wireless communications. In 2017 IEEE 
International Conference on Communications 
(ICC) (pp. 1-7). IEEE. 

54. Singh, S., Kulkarni, M. N., Ghosh, A., & 
Andrews, J. G. (2015). Tractable model for 
rate in self-backhauled millimeter wave 
cellular networks. IEEE Journal on Selected 
Areas in Communications, 33(10), 2196-2211. 

55. Amorim, R., Nguyen, H., Mogensen, P., 
Kovács, I. Z., Wigard, J., & Sørensen, T. B. 
(2017). Radio channel modeling for UAV 
communication over cellular networks. IEEE 
Wireless Communications Letters, 6(4), 514-517. 

56. Spasojevic, M., Shprits, Y. Y., & Orlova, K. 
(2015). Global empirical models of 
plasmaspheric hiss using Van Allen 
Probes. Journal of Geophysical Research: 
Space Physics, 120(12), 10-370. 

57. Nearing, M. A., Lane, L. J., & Lopes, V. L. 
(2017). Modeling soil erosion. In Soil erosion 
research methods (pp. 127-158). Routledge. 

58. Islam, M. S., Mahmud, M. A., Uddin, M. J., & 
Podder, P. (2020). An Analytical Analysis of 
Path Loss Models for Mobile Cellular 
Wireless Communications. International 
Journal on Cybernetics & Informatics 
(IJCI), 9(3), 1. 

59. Nkordeh, N., Atayero, A. A., Idachaba, F. E., 
& Oni, O. O. (2014). Lte network planning 
using the hata-okumura and the cost-231 
hata pathloss models. 

60. Deme, A., Dajab, D., Buba Bajoga, M. M. A., 
& Choji, D. (2013). Hata-Okumura Model 
Computer Analysis for Path Loss 
Determination at 900MHz for Maiduguri, 
Nigeria. Mathematical Theory and 
Modeling, 3(3), 1-9. 

61. Pedraza, L. F., Hernández, C. A., & López, 
D. A. (2017). A model to determine the 
propagation losses based on the integration 
of hata-okumura and wavelet neural 
models. International Journal of Antennas 
and Propagation, 2017. 

62. Anusha, V. S., Nithya, G. K., & Rao, S. N. 
(2017, April). A comprehensive survey of 
electromagnetic propagation models. In 2017 
International Conference on Communication and 
Signal Processing (ICCSP) (pp. 1457-1462). 
IEEE. 

63. Teodorescu, H. N. L. (2017, June). Fuzzy 
Hata-Okumura models for dosimetry 
computations. In 2017 E-Health and 
Bioengineering Conference (EHB) (pp. 117-120). 
IEEE. 

64. Udofia, K. M., Friday, N., & Jimoh, A. J. 
(2016). Okumura-hata propagation model 
tuning through composite function of 
prediction residual. Mathematical and 
Software Engineering, 2(2), 93-104. 

 


