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CHARACTERIZATION OF VHF TV TERRESTRIAL BAND IN 

AIZAWL, MIZORAM 

 
Abstract 

 
The Very High Frequency (VHF) has wide-ranging importance in civilian and military 

applications. Due to its reduced scattering and reflections, the VHF is less intricated 

than the higher frequency bands and has an immense potential to cover a large area 

and sustain a reliable communication system. The recent trend in research is exploiting 

the underutilized band in these frequency bands. Also, it is seen as the potential 

solution for bridging the digitally divided rural regions. 
In the wireless communication system, signal loss modeling is critical for 

understanding the signal variation, efficient transmission planning, and the proper 

deployment of wireless systems. Different types of propagation loss models interpret 

the signal variations from region to region. Our preliminary analysis compared various 

propagation loss models, namely; Egli, Hata, Perez Vega and Zamanillo, Walfisch and 

Bertoni, and the free-space propagation loss models using a Root Mean Squared Error 

(RMSE) analysis. Our 203.25 MHz measurement survey results, for a small sample 

measurement of the Northern and the Southern directions of the transmitter, have 

shown a good agreement with the Egli model and Perez Vega and Zamanillo model. 

In contrast, the Hata model showed a lower accuracy compared to both these models. 

The Walfisch-Bertoni and the free-space models showed a very high RMSE error. 

After conducting a broader 203.25 MHz signal survey, we compared the 

Northern and Southern direction measurement again with these same models. We 

learned that the Hata model showed a good agreement with the total mean measured 

loss. Not only this, each directional measurement has established a good agreement 

with the Hata propagation loss model. The Egli and Perez-Vega model showed a 

capable performance for each specific direction. However, they failed to account for 

the total average loss variations. We performed a least-square optimization of the Egli 
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and the Hata model and learned that both optimized models gave equal predictions. 

We present an optimized Hata and Egli model accordingly. 

To account for the study area hilly terrain scenario, we considered a diffraction 

propagation loss model. We learned that the International Telecommunication Union 

Recommendation (ITU-R) P.526 gave a good agreement with our measured signal loss 

variation. We have performed this analysis on the single terrain obstruction only, 

where the diffracting obstacle is considered as a knife-edge. We combined the loss due 

to diffraction with the line-of-sight (LoS) loss, which gave a good agreement with our 

observed loss variations. We proposed a loss model based on this accordingly. 

Furthermore, the multiple diffracted single loss appears to show an equivalent loss 

with the single knife-edge loss. 

Using satellite imagery data like Digital Elevation Model (DEM) and the 

Normalized Difference Vegetation Index (NDVI), we have analyzed the LoS and 

average elevation between 10 m radius of a wedge shape spatial area. We learned that 

the elevation above sea level gave a good agreement with the signal loss variations. 

However, the NDVI analysis appears to show no relationship with the loss variations. 

We proposed a loss model based on this GIS analysis using elevation and LoS as the 

predictor variable. We learned that this proposed loss model gave a good agreement 

with the measurement losses. The GIS-based analysis provided a convenient and 

practical method of analyzing the channel parameter that defines the signal variation 

in each measurement site. 

 

 

 



 

 

Chapter  1 
Introduction   
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1 Introduction 

Maxwell's equations laid the foundation of Electromagnetic (EM) waves, 

whose equations shape our theoretical understanding of electromagnetic wave 

propagation. This well-developed theoretical prediction of EM wave transmission was 

first observed by Heinrich Rudolph Hertz in 1886 (Iskander & Yun, 2002). 

Wireless communication plays an indispensable role in modernizing the 

quality of life. From its preliminary implementation in the early 1980s (Sarkar et al., 

2003), mobile communication is one of the fastest-growing areas in the 

communication system (Rao et al., 2000). With this viable accomplishment, there has 

been a substantial increase in the requirements for planning in radio frequency (RF) 

transmission and reception (Seybold, 2005). Understanding the spatial variability of 

field strength and augmenting it is a critical concept in any wireless system. It is crucial 

to understand the different propagation mechanisms through a medium by analyzing 

its various influencing parameters. 

Very-High-Frequency transmission plays a vital role in many civilian and 

military applications. From radar, wildlife monitoring to commercial audio and video 

transmission, there are abundant applications of the VHF band. Compared to the other 

higher frequencies, VHF and the other lower frequency bands can travel extended 

distances due to reduced scattering and reflection (Dagefu et al., 2015). Moreover, 

many countries look into the VHF and UHF band for providing connectivity to the 

rural regions with the digital switchover. 

It is vital to understand the terrestrial signal variations across a different 

topography to plan and deploy a wireless communication system properly. Due to the 

high cost of in-site measurements, propagation loss models are employed to interpret 

the signal variation. However, one requires extensive data to model a loss, namely, the 

base antenna height dependence, mobile antenna height dependence, frequency 

dependence, separation between the transmitter (Tx) and the receiver (Mx). Not only 

this, further complications arise as one has to account for the reflection, diffraction, 

and scattering that signal suffers along its path, which is the basis of any wireless 
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propagation mechanism. The wireless propagated signal is influenced by vegetation or 

forest cover, rain rate, atmospheric scattering. 

The presence of rain does not significantly influence the VHF signal dominant 

mode of lateral propagation. However, the multipath component induced by different 

scatterers and the wet vegetation canopy results in Root Mean Square (RMS) delay 

spread, and heavy downpour-induced motion of wet media also generates variation in 

the multipath scatterers (Meng et al., 2008). Meanwhile, buildings and human-made 

obstructions and terrains can cause shadowing. 

Terrestrial signal propagation is mainly affected by terrain blockage, forest and 

building shadowing, ground reflections. The signal scattered and arriving at the far 

receiving end within a different time frame can cause interference due to multipath 

propagation. In the case of ground reflection, the direct line-of-sight (LoS) signal and 

the ground reflected signal could interfere in the same manner. The base antenna 

location and its elevation above ground play an essential role in quality signal 

transmission. More significant LoS coverage areas will provide a superior signal 

quality across a given expanse. The mobile measurement location, the antenna's 

orientation, and its measurement elevation are also critical received-signal strength 

determiners. 

1.1 Propagation loss models 

Propagation loss models are classified into Deterministic, Empirical, and 

Stochastic (Abhayawardhana et al., 2005). The Deterministic or the site-specific 

propagation models rely on the channel characteristics in which the signal propagates. 

As such, they do not depend much on the quantity of measurement. This deterministic 

method is based on electromagnetic propagation theory, which requires complex 

mathematical computation before arriving at the supposition. Stochastic models treat 

the environment or the channel parameters as a sequence of random variables. These 

models are the least precise nonetheless involve the minutest information about the 

channel parameters. 

On the other hand, empirical models are probable outcomes of extensive 

measurements made in a particular region. They are also known as the Statistical 
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propagation loss models. There are few empirical models applicable within the VHF 

frequencies. Due to enhanced performance, higher frequency transmission is more 

common for urban and metropolitan cities. Higher frequency transmission has higher 

bandwidth at the expense of a much shorter range. Propagation loss models in the 

millimeter band are more common than the lower frequency band, and the lower 

frequency models are deemed obsolete. In a wireless communication system, every 

signal propagation, whether higher or lower signal bandwidth, is equally essential, 

where VHF signal transmission is still abundant in many military and civilian 

applications. The emerging white-space communication system, cognitive radio 

access, and the Internet of Things (IoT) trends have corroborated the importance of 

every type of wireless communication. Furthermore, a wireless-capable 

communication system, including the VHF or Very Low Frequency (VLF), will play 

a vital part in the impending communication system due to its extended range. 

  The standard empirical propagation loss models applicable in the VHF 

frequency ranges are the Egli model, Okumura model, Okumura-Hata mode, Perez 

Vega-and -Zamanillo model. There are also logarithmic-based models and theoretical 

models which apply to any frequency ranges but require more computations. 

1.1.1 Free space propagation loss model 

Different experimental measurements have pointed out that signal transmission 

suffers attenuation even in the clear line-of-sight (LoS). This transmission loss is 

termed as the free-space propagation loss. This free-space loss model is based on the 

Friss free space equation (Rappaport, 1996), which is used to predict signal loss when 

there are no obstructions between the Transmitter (Tx) and the Receiver (Mx). The 

received power (𝑃𝑃𝑟𝑟) at a distance 𝑑𝑑 from Tx is defined by Friss equation (Rappaport, 

2009) as 

 

 𝑃𝑃𝑟𝑟 =
𝑃𝑃𝑡𝑡𝐺𝐺𝑡𝑡𝐺𝐺𝑟𝑟𝜆𝜆2

(4𝜋𝜋)2𝑑𝑑2𝐿𝐿
 (1.1) 

 

𝑃𝑃𝑡𝑡 is the power transmitted, 𝑑𝑑 is the Tx–Mx separation, 𝜆𝜆 is the wavelength of 

the signal transmitted, and 𝐿𝐿 (𝐿𝐿 ≥ 1) is the system loss not related to the signal 
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propagation. Where 𝐺𝐺𝑡𝑡 and 𝐺𝐺𝑟𝑟 are the respective gain of the transmitter and receiver. 

In wireless signal propagation, it is common to express the loss (𝐿𝐿) in decibels (dB) 

where 

 𝐿𝐿 = 10 log10 �
𝑃𝑃𝑡𝑡
𝑃𝑃𝑟𝑟
� (1.2) 

 

Using (1.1), we can express this loss as 

 

 𝐿𝐿 = 10 log10 �
𝑃𝑃𝑡𝑡(4𝜋𝜋)2𝑑𝑑2𝐿𝐿𝑠𝑠
𝑃𝑃𝑡𝑡𝐺𝐺𝑡𝑡𝐺𝐺𝑟𝑟𝜆𝜆2

�    (1.3) 

 

In (1.3), if we assume unit Tx gain and the Mx gain with unit system loss factor 

(i.e., 𝐺𝐺𝑡𝑡 = 𝐺𝐺𝑟𝑟 = 𝐿𝐿𝑠𝑠 = 1), then the free space loss can be expressed as  

 

 𝐿𝐿 = 10 log10 �
4𝜋𝜋𝑑𝑑
𝜆𝜆
�
2

 (1.4) 

 

Reducing the power term, we can write (1.4) as 

 

 𝐿𝐿 = 20 log10 �
4𝜋𝜋𝑑𝑑
𝜆𝜆
� (1.5) 

 

Accordingly, to account for the wide variation in every signal propagation loss 

analysis, the propagation loss is expressed in decibel (dB) or the logarithmic form - a 

standard unit for all propagation loss models. 

1.1.2 Egli model 

The Egli model is a wide-range statistical analysis of measurements made in 

different regions of the United States of America (Egli, 1957). It is centered on the 

measurement survey data of various commercial organizations. The Egli data and most 

statistical analyses are related to different signal variations on account of the terrain 

factor. As such, this model is also popularly considered an irregular terrain model. The 

analyzed signal frequency ranges from 40 MHz to 1000 MHz. 
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Egli's model incorporates the theoretical plane-earth propagation model with 

added terrain factors.  Although the original work did not explicitly provide the 

mathematical loss expression to explain the statistical signal dependence on terrain 

factors, there are different interpretations and mathematical expressions for Egli 

nomograph and correcting curves. These various interpretations, however, give 

virtually the same outcome, with few dB differences. One of the mathematical 

relationships drawn from this graph is expressed as (Delisle et al., 1985) 

 

 𝐿𝐿𝐸𝐸(𝑑𝑑𝑑𝑑) = 20 log10(𝑓𝑓𝑐𝑐) + 40 log10(𝑅𝑅) − 20 log10(ℎ𝑏𝑏)   (1.6) 

       +  76.3 − 10 log10(ℎ𝑚𝑚),      ℎ𝑚𝑚 < 10
85.9 − 20 log10(ℎ𝑚𝑚),     ℎ𝑚𝑚 ≥ 10   

 

Where 𝑓𝑓𝑐𝑐  is the frequency in MHz, ℎ𝑏𝑏 is the base antenna height in meter, ℎ𝑚𝑚  

is the mobile antenna height in meter, 𝑅𝑅 is the Tx, and Mx separation in kilometer 

(km). 

1.1.3 Okumura model 

One of the first comprehensive signal strength measurements was performed 

in Japan by Okumura Yoshihira in 1968 (Okumura et al., 1968). Okumura provided a 

set of signal measurement curves, which gives an accurate estimate of signal loss and 

is one of the most referenced models, which applies in the frequency range of 150 

MHz to 1920 MHz. 

Okumura developed a set of curves based on extensive measurements made in 

an urban area over a quasi-smooth terrain with a fixed transmitter and mobile antenna 

at 200 m and 3 m, respectively, within the Tx and Mx separation range of 1 to 100 km. 

The Okumura model is expressed as 

 

 𝐿𝐿(𝑑𝑑𝑑𝑑) = 𝐿𝐿𝑜𝑜 + 𝐴𝐴(𝑓𝑓,𝑑𝑑) − [𝐺𝐺(ℎ𝑡𝑡) + 𝐺𝐺(ℎ𝑟𝑟) + 𝐺𝐺𝐴𝐴𝐴𝐴𝐸𝐸𝐴𝐴] (1.7) 
 

In 𝐴𝐴 is the median attenuation relative to free space, ℎ𝑡𝑡 is the effective 

transmitter height (200 m), and hr is the mobile antenna height (3 m). 𝐺𝐺(ℎ𝑡𝑡) is the 

transmitter height gain factor, 𝐺𝐺(ℎ𝑟𝑟) is the receiver height gain factor, and 𝐺𝐺𝐴𝐴𝐴𝐴𝐸𝐸𝐴𝐴 is 
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the environment-type gain. 𝐿𝐿 is the 50% or the median of the propagation path loss, 

and 𝐿𝐿𝑜𝑜 is the free-space path loss. 

The propagation loss is determined first by calculating the free space path loss 

(𝐿𝐿𝑜𝑜). The median attenuation is read from the curve provided in Figure 1.1, and the 

different terrain type correction factors taken from Figure 1.2. 

 

 

Figure 1.1: Okumura curve showing median attenuation relative to free space (A), over quasi 
smooth terrain.  

 

Okumura calculated a 𝐺𝐺(ℎ𝑡𝑡) variation of 20 dB/decade and a 𝐺𝐺(ℎ𝑟𝑟) variation 

of 10 dB/decade for mobile antenna heights shorter than 3 m. 
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         𝐺𝐺(ℎ𝑡𝑡) = 20 log10 �
ℎ𝑡𝑡

200
�    30𝑚𝑚 > ℎ𝑡𝑡 > 1000𝑚𝑚 (1.8) 

 𝐺𝐺(ℎ𝑟𝑟) = 10 log10 �
ℎ𝑟𝑟
3
�      0𝑚𝑚 > ℎ𝑟𝑟 ≤ 3𝑚𝑚 (1.9) 

 𝐺𝐺(ℎ𝑟𝑟) = 20 log10 �
ℎ𝑟𝑟
3
�    3𝑚𝑚 > ℎ𝑟𝑟 < 10𝑚𝑚 (1.10) 

   
 

Other correction factors like terrain isolated ridge height, undulation height, 

mixed land-sea parameter, and the terrain's average slope are available in the Okumura 

curves.  

 
Figure 1.2: Okumura correction factor curve for different types of terrain. 
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Okumura provided two curves1; one curve gives the mean value of signal 

attenuation relative to free space, and the other curve gives the three different area 

correction factors. 

1.1.4 Okumura Hata model 

The Okumura curves require complex graphical analyses and calculations to 

estimate the propagation losses. Hata (Hata, 1980) developed a loss model based on 

Okumura's curve to reduce this complication, applicable within the frequency range of 

150 MHz and 1500 MHz. Analogous to Okumura graphs, the Hata model also consists 

of three area-based mathematical formulations. The urban area loss functions as the 

standard expression for each terrain type with added correction factors. 

1.1.4.1 Urban areas 

The urban area propagation loss model is the averaged loss measurement over 

a quasi-smooth terrain, which is expressed as 

 

 𝐿𝐿𝑢𝑢𝑟𝑟𝑏𝑏𝑢𝑢𝑢𝑢 = 69.55 + 26.16log10𝑓𝑓𝑐𝑐 − 13.82 log10 ℎ𝑡𝑡 
           −𝑎𝑎ℎ𝑟𝑟 + (44.9 − 6.55 log10 ℎ𝑡𝑡) log10 𝑅𝑅 (1.11) 

 

Corrections for small and medium-sized cities 

 

 𝑎𝑎ℎ𝑟𝑟 = (1.1 log10 𝑓𝑓𝑐𝑐 − 0.7)ℎ𝑟𝑟 − (1.56 log10 𝑓𝑓𝑐𝑐 − 0.8)    𝑑𝑑𝑑𝑑 (1.12) 
 

Corrections for large cities 

 

 𝑎𝑎ℎ𝑟𝑟 = 8.29(log10 1.54ℎ𝑟𝑟)2 − 1.10     𝑑𝑑𝑑𝑑;      𝑓𝑓𝑐𝑐 ≤ 200 𝑀𝑀𝑀𝑀𝑀𝑀 
3.2(log10 11.75ℎ𝑟𝑟)2 − 4.97     𝑑𝑑𝑑𝑑;      𝑓𝑓𝑐𝑐 ≥ 200 𝑀𝑀𝑀𝑀𝑀𝑀

  (1.13) 

   

 
1 The original Okumura curves (1968) were blurry and reproductions of the curves were accordingly 
made in Adobe Illustrator following the same scales, values, and units. 
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1.1.4.2 Suburban areas 

From the Okumura prediction curve, the suburban area correction factor (𝐾𝐾) is 

the difference between the urban area median field strength between the urban and 

suburban areas. This correction factor is expressed as 

 𝐾𝐾 = 2 �log10 �
𝑓𝑓𝑐𝑐
28
��
2

+ 5.4 (1.14) 

  

The Suburban area loss correspondingly is the difference between the Urban 

area loss and this correction factor (𝐾𝐾). 

 𝐿𝐿𝑠𝑠𝑢𝑢𝑏𝑏𝑢𝑢𝑟𝑟𝑏𝑏 = 𝐿𝐿𝑢𝑢𝑟𝑟𝑏𝑏𝑢𝑢𝑢𝑢 − 2 �log10 �
𝑓𝑓𝑐𝑐
28
��
2

− 5.4        (1.15) 

 

1.1.4.3 Open areas 

The open area correction similarly is the difference between the urban area loss 

and the open area correction Q, which is expressed as 

 

 4.78(log10 𝑓𝑓𝑐𝑐)2 − 18.33 log10 𝑓𝑓𝑐𝑐 + 40.94      (1.16) 

 

Therefore, the open area loss is similarly given by 

 

 𝐿𝐿𝑜𝑜𝑜𝑜𝑜𝑜𝑢𝑢 = 𝐿𝐿𝑢𝑢𝑟𝑟𝑏𝑏𝑢𝑢𝑢𝑢 − 4.78(log10 𝑓𝑓𝑐𝑐)2 + 18.33 log10 𝑓𝑓𝑐𝑐 − 40.94      (1.17) 
 

Here, ℎ𝑡𝑡 is the transmitter or the base antenna (Tx) height in meters (ranging 

from 30 m to 200 m), ℎ𝑟𝑟 is the mobile antenna (Mx) height in meters (ranging from 1 

m to 10 m). 𝑅𝑅 is the Tx-Mx separation distance in km and 𝑎𝑎ℎ𝑟𝑟  is the correction factor 

for the mobile antenna height in the different measurement areas. 

The Hata model is closely equivalent to the original Okumura model if the Tx 

and Mx separation (𝑑𝑑) is greater than 1 km. As such, the Hata model is used as a 

substitute model for the Okumura curves. This model is suited for large cell mobile 

systems but limited to a Personal Communications System (PCS) with cell size lower 

than or equal to a 1 km radius. 
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1.1.5 Perez Vega and Zamanillo model 

This model is a mathematical expression of the Federal Communication 

Commission (FCC) F(50,50) curve, which allows for the estimation of median path 

loss or the received signal strength (Pérez-Vega & Zamanillo, 2002). The F(50,50) 

graph provides the 50% signal strength variation occurring within 50% of the time, 

which gives a fair approximation and is used widely by radio engineers across the 

United States. 

 To describe the FCC curves characteristics, this model uniquely confines the 

loss variations due to antenna height and the Tx-Mx separation distance into a single 

term, namely, the loss exponent 𝑛𝑛. Thus, the model practically embeds the empirical 

FCC measurement graphs into one single exponent of distance 𝑛𝑛, defining the primary 

signal variation mechanism for the F(50,50) curve data, which is expressed as 

 

 𝐿𝐿 = 10𝑛𝑛𝑛𝑛𝑛𝑛𝑔𝑔10(𝑑𝑑) + 𝐿𝐿𝑜𝑜 (1.18) 
 

Where 𝐿𝐿𝑜𝑜 is the free-space loss at 1 m, which is defined as 

 

 𝐿𝐿𝑜𝑜 = 20 log10 �
4𝜋𝜋
𝜆𝜆
� (1.19) 

 

Where 𝑑𝑑 is the Tx and Mx separation, and 𝑛𝑛 is the loss exponent for the 

receiving antenna height of 9 m. 

 

The loss exponent is defined as 

 

 𝑛𝑛 = ��𝑎𝑎𝑖𝑖𝑖𝑖ℎ𝑖𝑖𝑑𝑑𝑖𝑖
4

𝑖𝑖=0

4

𝑖𝑖=0

 (1.20) 

 

Here ℎ is the antenna height in feet and 𝑑𝑑 is Tx-Mx separation in miles and 𝑎𝑎𝑖𝑖𝑖𝑖  

is the coefficient of the model, whose values are provided in TABLE 1.1. 
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Figure 1.3: The Federal Communication Commission (FCC) F(50,50) curve for the 

TV channel 7 to 13. 
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TABLE 1.1: TABLE SHOWING THE DIFFERENT COMBINATION OF COEFFICIENT OF THE 
MODEL2  

𝑎𝑎00 𝑎𝑎01 𝑎𝑎02 𝑎𝑎03 𝑎𝑎04 
2.6191 0.0318005 -9.50112E-4 1.46844E-5 -8.30291E-8 

𝑎𝑎10 𝑎𝑎11 𝑎𝑎12 𝑎𝑎13 𝑎𝑎14 
-3.63991E-3 2.4824E-4 -1.15328E-5 1.98061E-7 -1.06459E-9 

𝑎𝑎20 𝑎𝑎21 𝑎𝑎22 𝑎𝑎23 𝑎𝑎24 
7.20911E-6 -6.73582E-7 3.19009E-8 -5.48948E-10 2.96093E-12 

𝑎𝑎30 𝑎𝑎31 𝑎𝑎32 𝑎𝑎33 𝑎𝑎34 
-5.75331E-9 5.86862E-10 -2.80726E-11 4.839564E-13 -2.61299E-15 

𝑎𝑎40 𝑎𝑎41 𝑎𝑎42 𝑎𝑎43 𝑎𝑎44 
1.48675E-12 -1.5699E-13 7.53695E-15 -1.29985E-16 7.01903E-19 

 

1.1.6 Walfisch and Bertoni model 

This model is a diffraction-based theoretical model used for prediction loss in 

an urban environment. The model is applicable within the frequency range of 300 MHz 

to 3 GHz. This model is the forerunner of the theoretical loss model that predicts 

buildings' effect on the median propagation loss (Walfisch & Bertoni, 1988), where 

the buildings considered are nearly identical in height. The excess loss is given by 

 

 

 
𝐿𝐿 = 57.1 + log10 𝑓𝑓𝑐𝑐 + 𝐴𝐴 − 18 log10 𝑀𝑀 + 18 log10 𝑅𝑅 

−18 log10 �1 − �
𝑅𝑅2

17𝑀𝑀
�� (1.21) 

 

The last term accounts for the earth's curvature, which is neglected in the actual 

calculation to make calculations easier. The constant 𝐴𝐴 in (1.21) is expressed as 

 

 
                 𝐴𝐴 = 5 log10 ��

𝑑𝑑
2
�
2

+ (ℎ𝑏𝑏 − ℎ𝑚𝑚)2� − 9 log10 𝑑𝑑 

+ 20 log10 �
tan−1 2(ℎ𝑏𝑏 − ℎ𝑚𝑚)

𝑑𝑑
� 

(1.22) 

 

 
2 The decimal places in the coefficient of the model, although appearing small, significantly influences 
the overall outcome of the loss exponents. Here E-4 indicates 10-4. 
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𝑀𝑀 is the transmitter height above building height in meter, 𝑓𝑓𝑐𝑐 is the signal 

frequency in MHz, and 𝑅𝑅 is the Tx and Mx separation in km. ℎ𝑚𝑚 is the height of the 

receiver/mobile antenna in feet, ℎ𝑏𝑏 is the height of the building in feet, and 𝑑𝑑 is the 

center-to-center spacing between buildings in meters (30 m – 60 m). 

Although the Walfisch-Bertoni model is beyond our measurement set-up 

frequency range, we chose to explore its performance since the frequency span is not 

considerably different. However, this model performs weakly for our measurement 

region. This result attributes to the measurement regions being confined to most rural 

sites, where only the initial measurement sites from the antenna consist of buildings. 

There are models specific to the higher frequencies other than the VHF bands. 

However, the methodology employed in each of these models is a reference model for 

signal modeling within a small cell size. The commonly used models are described 

below. 

1.1.7 Log-distance model 

The log-distance model is based on both the theoretical and empirical principle, 

which upholds that the averaged signal variation exhibits a logarithmic decay with the 

Tx - Mx distance. The loss model is a combination of free space path loss at a reference 

distance 𝑑𝑑𝑜𝑜 and the product of loss exponent with the logarithmic distance. The free 

space loss3 (𝐿𝐿𝑜𝑜) at a reference distance 𝑑𝑑𝑜𝑜 is defined as 

 

 𝐿𝐿𝑜𝑜 = 20 log10 �
4𝜋𝜋𝑑𝑑𝑜𝑜
𝜆𝜆

� (1.23) 

 

The log-distance path loss model is expressed (Kurt & Tavli, 2017). 

 

 𝑃𝑃𝐿𝐿 = 𝐿𝐿𝑜𝑜 + 10𝑛𝑛𝑛𝑛𝑛𝑛𝑔𝑔10 �
𝑑𝑑
𝑑𝑑𝑜𝑜
� (1.24) 

 

Where 𝑃𝑃𝐿𝐿 is the mean path loss in dB, 𝐿𝐿𝑜𝑜 is the free space path loss at a 

reference distance 𝑑𝑑𝑜𝑜, and 𝑛𝑛 is the loss-exponent or the path-loss rate. 

 
3 This is same as free space loss (𝐿𝐿𝑜𝑜) mentioned in Section 1.1.5, except that the 𝑑𝑑𝑜𝑜 ≠ 1 in this case. 
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TABLE 1.2: THE LOSS EXPONENT VALUES FOR DIFFERENT PROPAGATION CHANNEL 
ENVIRONMENT  

Environment Loss exponent (n) 

Free space 2 

Urban area 2.7 to 3.5 

Urban area (Shadowed) 3 to 5 

In buildings (LoS) 1.6 to 1.8 

In building (Obstructed) 4 to 6 

In Factories (Obstructed) 2 to 3 

 

The loss exponent 𝑛𝑛 defines the extent up to which signal decays 

logarithmically for a given propagation channel. Depending on the setting where the 

signal traverses, this 𝑛𝑛 can vary from 2 to 5 values. Although there are different 

interpretations of the loss exponents values variations through different propagation 

channel environments (Seidel & Rappaport, 1992)(Rappaport, 1996), typically, most 

works of literature consider a loss exponent 𝑛𝑛 = 2 for the free space propagation.  

1.1.8  Lognormal shadowing model 

The shadowing model introduces an essential postulate that the radio signal 

measured is not constant for a given frequency at a given time and location. This 

variation arises from the environmental factor, such as leaves' motion, the multipath 

propagated signal arriving at the receiver can alter the signal variation within a short 

given time interval. This variation is modeled using the zero-mean Gaussian Random 

variable. 

The lognormal shadowing model is expressed as 

 

 𝑃𝑃𝐿𝐿 = 𝐿𝐿𝑜𝑜 + 10𝑛𝑛𝑛𝑛𝑛𝑛𝑔𝑔10 �
𝑑𝑑
𝑑𝑑𝑜𝑜
� + 𝑋𝑋𝜎𝜎 (1.25) 

 

Every term is in the above equation is analogous to the log-distance model 

where the additional 𝑋𝑋𝜎𝜎 term is the zero-mean Gaussian distributed random variable 

with standard deviation 𝜎𝜎. 
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1.1.9 Knife-edge diffraction loss model 

When terrain or buildings obstruct the Tx-Mx link, a diffraction loss occurs. In 

signal loss modeling, for a more realistic interpretation of signal variations, one has to 

consider the loss over such a scenario, which is particularly crucial when dealing with 

the signal propagating over the hilly terrain or mountainous regions. Although a 

precise, clear-cut loss estimate over such obstacles is implausible, requiring complex 

mathematical calculations, several techniques have been proposed, theorized, and 

derived. Typically the hill, mountain, or building is treated as a knife-edge, while the 

diffracted loss or the field behind the knife-edge is estimated using the classical Fresnel 

method. 

 

 
Figure 1.4: Illustration of the obstacle, transmitter (Tx), and mobile antenna (Mx) with their 

respective placement elevation eTx and eMx.  

 

For the Non-line-of-sight cases, the diffraction loss is categorized based on the 

obstructing diffraction edges, namely; Single diffraction edge, Two diffraction edges, 

Three diffraction edges, and Multiple diffraction edges (Rappaport, 1996). Our 

analysis has implemented the Single Knife-edge diffraction theory only for 

considering the loss within the sites surveyed. Although the multiple knife-edge 

diffracted loss is not explicitly calculated, from the propagation loss analysis, we 

learned that the multiple knife-edges diffracted loss data is 2 to 4 dB greater than the 

single knife-edge diffraction loss. 
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The relation below gives Fresnel Kirchhoff's diffraction parameter (Rashdan et 

al., 2019) 

 

 𝑣𝑣 = ℎ�
2(𝑑𝑑1 + 𝑑𝑑2)
𝜆𝜆𝑑𝑑1𝑑𝑑2

 

 

(1.26) 

Here, ℎ denote the effective height of the obstacle, 𝑑𝑑1 is the separation between 

the peak of Tx and the barrier (obstacle), and 𝑑𝑑2 is the separation between the peak of 

Tx and Mx. 𝜆𝜆 is the wavelength of the transmitted signal. All the parameters are in 

meters. 

 

 𝐿𝐿 = −20 log�
�[1 − 𝑐𝑐(𝑣𝑣) − 𝑠𝑠(𝑣𝑣)]2 + [𝑐𝑐(𝑣𝑣) − 𝑠𝑠(𝑣𝑣)]2

2
� (1.27) 

 

Where 𝑐𝑐(𝑣𝑣) and 𝑠𝑠(𝑣𝑣) are the complex Fresnel integral defined as 

 

 

𝑐𝑐(𝑣𝑣) + 𝑖𝑖𝑠𝑠(𝑣𝑣) = � 𝑒𝑒
𝑖𝑖𝑖𝑖𝑥𝑥2
2 𝑑𝑑𝑥𝑥

𝑢𝑢

0
 

 

= � cos �
1
2
𝜋𝜋𝑥𝑥2� 𝑑𝑑𝑥𝑥 + 𝑖𝑖 � sin �

1
2
𝜋𝜋𝑥𝑥2� 𝑑𝑑𝑥𝑥

𝑢𝑢

0

𝑢𝑢

0
 

(1.28) 

 

We present the knife-edge diffraction loss as a function of Fresnel diffraction 

parameter 𝑣𝑣 in Fig.2. 

 

 
𝑐𝑐(𝑣𝑣) = � cos �

1
2
𝜋𝜋𝑥𝑥2� 𝑑𝑑𝑥𝑥

𝑢𝑢

0
 

𝑠𝑠(𝑣𝑣) = � sin �
1
2
𝜋𝜋𝑥𝑥2� 𝑑𝑑𝑥𝑥

𝑢𝑢

0
 

(1.29) 
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Figure 1.5: Plot showing the variation of the knife-edge diffraction loss in decibel (dB) as a 

function of the diffraction parameter (v). 

 

   For 𝑣𝑣 higher than -0.78, the value of J(𝑣𝑣) in decibel is approximated as (ITU-

R, n.d.) 

 J(𝑣𝑣) = 6.9 + 20 log ��(𝑣𝑣 − 0.1)2 + 1 + (𝑣𝑣 − 0.1)� (1.30) 

 

1.2 Background and Objectives of the study 

Due to the global migration from analog to digital broadcasting, researchers 

worldwide are regarding the proper utilization of white space in the television (TV) 

white spaces (Elshafie et al., 2015; Rahman & Saifullah, 2019; Zhao et al., 2019). With 

a higher frequency bandwidth appeal over the lower frequency band like the terrestrial 

band, the lower-ordered wireless band remains underutilized (Naik et al., 2014) in 

most countries. The cognitive radio access practicality and the availability of white-

space communication links are perceived as potential solutions to bridge the digitally 

divided areas or rural areas with no wireless connectivity (Khamlichi et al., 2016; 
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Kumar et al., n.d.; Sabuj et al., 2019). Moreover, with the trend in machine-to-machine 

connection achieved through the Internet of things (IoT) technology (Bedeer et al., 

2018; Palma, 2018), the VHF signal is still much relevant and will play a vital role in 

the future communication system due to its extended range and penetration capacity. 

The study area's topographical features favor VHF transmission, which is still relevant 

for the hilly terrain region over a large coverage area and is more cost-effective than 

wired networking. 

 The lack of a precise model can lead to poor decision-making for the future 

deployment of wireless communication systems across the study area. There is no 

standard measurement-based study across the region. For instance, in the old survey 

archives, no proper records of the mobile antenna height, GPS locations, or terrain type 

are available. At the same time, the signal strength data is well-documented across the 

different expanse, with no well-defined environmental parameters. Additionally, there 

is a shortage of signal strength data, where each site's average signal data cannot be 

statistically established. 

This study is conducted to obtain the different signal strength data variations 

with properly defined measurement location and mobile antenna height. This analysis 

will support the formulation of accurate propagation models based on the statistical or 

the deterministic approach. The provision for different accurate loss models for the 

study area will be made available through this study. Furthermore, since our study area 

is a hilly terrain region, the analysis can also indicate the inefficient transmission 

through the location-based signal variation trends.   

 

The objectives of the study are as follows: 

a) To estimate the transmitted power and received field strength of 10KW VHF 

TV transmitter in its coverage area. 

b) Analysis of the data generated and its comparison using various path loss 

models to arrive at the best-suited model for the study area 

c) To suggest necessary optimization in the selected model, if any. 

 

 



 

 

Chapter  2 
Review of 

Literature 
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2 Review of Literature 

2.1 A brief history 

A wide variety of propagation models, both experimental and theoretical, have 

been proposed for estimating the coverage prediction or preplanning of wireless 

communication networks (Akhoondzadeh-Asl & Noori, 2007). There are the statistical 

model, theoretical models. The empirical or statistical-based model is more prevalent 

in literature than the theoretical models due to its simplicity and ease of use. In contrast, 

the theoretical or site-specific model generally requires hefty computation, and hence 

the obscurity. However, different literary works have derived and developed models 

based on both these methods. 

The empirically-based model curves date back to the early 1930s when the 

Federal Radio (now Federal Communication Commission - FCC) faced a challenging 

need for technical data regarding interference distances. A propagation family curve 

was published accordingly in 1940 based on theory (Eckert, 1986). Later through 

recommendations and reports, FCC developed curves based on extensive 

measurements, corrected to reflect average terrain conditions (gently rolling 

countryside) for the (2-6), (7-13), and (14-83) Channels (Connor & Member, 1968). 

There are different prediction techniques, namely the F(50,10), F(50,10), and the 

F(50,90). The bracketed term represents the 'minimum predicted field strength' for 

50% of the locations and 10, 50, or 90 % of the time. These FCC empirical curves are 

based on transmitter effective radiated power (ERP), height above average terrain 

(HAAT), receiver antenna height, and distance between the transmitter and test site 

(Sgrignoli, 1999). This FCC curve provides a good approximation of signal strength 

variation; the model is used to allocate VHF and UHF signal and other mobile service 

methods, particularly for the United States. Here, the Perez-Vega and Zamanillo model 

represents the FCC F(50,50) model for channels 7-13 (Federal Comm, n.d.). 

Based on commercial organizations' survey data in various parts of the United 

States, Egli (Egli, 1957) developed nomographs and correcting curves to be used by 

radio engineers within the frequency range of 40–1000 MHz. In Egli's model, the 

statistical wave propagation over an irregular terrain is considered. This model is 
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primarily the theoretical plane earth propagation model with added terrain factor, 

dependent on frequency, and an evaluation of position (Longley, 2008). The loss 

calculations, however, require precise interpretations of these nomographs and 

correcting curves. The work mainly concerns the different communication system 

dependence on the terrain factor; terrain-frequency dependence, terrain-transmitting 

height dependence, terrain-mobile antenna height dependence, terrain-antenna 

polarization, and terrain fading. As such, this model is popularly recognized as an 

irregular terrain model. A few literary works have defined their specific mathematical 

relationship for the nomograph (Delisle et al., 1985; Schmid, 1970; Shepherd, 1988); 

however, the results are inconsequentially equivalent (2-4 dB difference).   

One of the more popular models was provided by the Okumura propagation 

curves (Okumura et al., 1968), which resulted from extensive measurements in Japan. 

The Okumura curves, however, require complex graphical interpretations to arrive at 

the actual estimates. Masaharu Hata (Hata, 1980), in 1980, gave a mathematical 

formulation of the Okumura curves to overcome such complex calculations, and the 

resultant mathematical model developed is now recognized as the Okumura-Hata 

model. The Okumura-Hata model is one highly referenced model due to the 

convenience of the correction factors and its simplicity (Alam & Khan, 2013). Based 

on this empirical data collected in Tokyo's various quasi-smooth terrain, many literary 

works have reported the model's superior performance.  

The Okumura-Hata results were further encouraged with its formal recognition 

by the International Telecommunications Union (ITU) via the ITU-R 

Recommendation P.529 (Medeisis & Kajackas, 2000). The ITU correspondingly 

incorporated much of the Okumura curve data into their model (Neskovic et al., 2009). 

To account for the difference in the environmental characteristics of Tokyo to the 

European city, the Electronic Communication Committee, in their 160th report 

(Report, 2011), extrapolated and modified the suppositions of the original Okumura 

data and modified it for a Fixed Wireless Access (FWA) system (Chebil & Lwas, 

2013). This model is known as the Electronic Communication Committee model or 

ECC-33 model. Although the model frequency ranges from 150 to 1500 MHz, an 

extension has been made for path loss prediction in the frequency range of 1500 MHz 

- 2 GHz (Dalela, 2012). This model is the COST-231 model, which is the foundation 
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for the standard propagation model in Worldwide Interoperability for Microwave 

Access (WiMAX) systems loss analysis. 

2.2 Model assessment 

2.2.1 Empirical model comparison 

  Although numerous works are related to signal analysis using empirical or 

statistical methods, it would be unfitting to compare them for all-terrain types over 

different frequencies. Since our data is a hilly terrain region-based measurement 

collected within a dense forest-covered area, we select the literature closely resembling 

our study area within the VHF frequency range. Furthermore, most path loss model 

comparison is in the higher frequency bands, and only few literature works relate to 

our analysis.    

Authors in (Rao et al., 2000) have conducted a signal loss analysis in the 200 

MHz (VHF), 400 - 450 MHz (UHF) for Tirupati, India, and the surrounding regions. 

They compare different propagation models like the Hata, Egli, Blomquist–Ladell, 

COST 231 Walfisch–Ikegami, Walfisch–Bertoni, and the ITU-R, where their results 

showed the Hata model's superior performances for all the cases. For the VHF signal, 

Egli and Blomquist–Ladell's methods differed appreciably with the urban and 

suburban areas measured data. In contrast, both models gave moderate agreement in 

the open zones. 

In (Sridhar & Khan, 2014), the authors have performed the Root Mean Squared 

Error (RMSE) model comparison for the different coastal cities in India. They have 

used Perez-Vega and Zamanillo, Hata, Egli, Cost-231, Walfisch-Bertoni (Walfisch & 

Bertoni, 1988), Walfisch-Ikegami, ITU-R P.5293, Green Obaidat model, and the free 

space model. Their study showed that the Perez-Vega and Zamanillo model performs 

better than other models in Chennai city, Coastal Andhra, Ghaziabad, Kalyan, Meerut, 

Talegaon, Pune, and Delhi. In Hyderabad, the Cost-231 model showed superior 

performance compared to all the other eight models. 

Although the empirical propagation loss models are simple and easy to 

implement in actual practice, they have limitations with different environment 

variables where their accuracy changes with the channel parameters. An added 
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theoretical approach or the semi-theoretical approach is required to characterize the 

signal influencing channel parameters properly. 

2.2.2 Diffraction model analysis 

Different literature works have underlined the success of implementing the 

International Telecommunication Union Recommendation (ITU-R) in different signal 

loss analyses. These ITU-R models chosen for scrutiny specifically includes the 

diffraction-based propagation modeling method used in signal loss analysis. 

Authors in (Tunc et al., 2005) investigated the performance of the empirical 

loss models using the spectrally accelerated forward-backward (FBSA) method. They 

compared three empirical models on the terrain profile of Turkey using the ITU-R 

P.529, ITU-R P.1546, and the free-space propagation with multiple diffractions. They 

found that the ITU-R P.1546 is not accurate, requires modification for propagation 

over rural areas for ranges up to 20 km. They found that the ITU-R P.529 results have 

a reasonable agreement with the findings of the FBSA results. 

Authors in (Ferreira et al., 2016) have compared the ITU prediction method 

and evaluated the measurements performed in Rio de Janeiro, Brazil. They have 

compared the ITU-R P.526-12 (Delta Bullington method) and ITU-R P.526-11 

(Cascade Knife-edge). They found that the ITU-R P.526-11 proved helpful in 

predicting the signal strength variations. Moreover, they have combined Artificial 

Neural Network (ANN) and the Cascade Knife-edge method to reduce the overall 

deviation of the predicted signal from the mean measured signal. 

Authors in (da Costa et al., 2018) have performed an analysis of the ITU-R 

P.1546, P.1812, and P.526 recommended propagation loss models for Rio de Janeiro. 

They have performed signals strength measured in 27 locations in the 563 MHz over 

a different irregular terrain forest-covered region. They concluded a good agreement 

between the measurement results and the P.526 and P.1812 models. 

Two propagation loss models based on the Machine learning method were 

proposed by the Authors (Braga et al., 2020). They have also performed three 

statistical metric comparisons of ITU-R P.1546, Okumura Hata model, and their 

proposed Machine learning method over a different scenario, namely City, River, and 

City-river. Although their proposed method gave superior performance compared to 
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the classical techniques, the ITU-R method showed a better performance than the 

Okumura-Hata model. 

Notwithstanding the aforementioned works, The ITU Rec-P.526-15 (ITU-R, 

n.d.) is projected explicitly for frequencies above 30 MHz, which is provided with 

various estimation methods for considering the diffraction effect on signal propagation 

link. 

2.3 Optimization of loss models 

It is challenging to develop a propagation loss model, which requires vast data 

over different channel parameters and study this channel parameter's impact on various 

signal frequencies. Instead of modeling a loss, the other alternative is to explore the 

different existing empirical propagation loss models and estimate the best-suited 

model for the area considered. Although practical, this model selection method fails 

as the four other survey directions (North, South, East, and West) consist of disparate 

channel parameters. Different models perform differently due to wide signal variations 

with these parameter differences. It has been underlined that even a decent performing 

model for one region changes with the territory (Hoomod et al., 2018), and as such, 

models require adjustment based on the area considered. Our analysis has indicated 

model inaccuracy when subjecting a single model over two different cluttered 

environments with varying topography. Consequently, we need to optimize or fine-

tune the selected specific loss models to explain the loss modifications based on the 

propagation channel's dissimilarities.  

Different literature works have resorted to optimizing existing propagation loss 

models due to the constraints in the availability of various parameters associated with 

the propagation channel. The loss models chosen for modification are usually the 

statistical models or the empirical models. The vast majority of loss reports for a 

diverse propagation scenario include fine-tuning the propagation loss models using 

different techniques. Authors in (Garah et al., 2016) have deliberated techniques like 

the Genetic Algorithm optimization method of the path loss model. In contrast, literary 

works like (Banimelhem et al., 2015) have conveyed the success of Particle Swarm 

over the Hata model's genetic algorithm optimization with improved outcomes. 
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Another efficient optimization method is the RMSE-based optimization method, 

where the Authors have reported such success in (Udofia et al., 2016) for the Hata loss 

model. Notwithstanding these methods, the Least Square approximation method is 

also another indispensable tool for minimizing model errors. Its simplistic design has 

been incorporated in many literature works (Cota et al., 2017; Faruk et al., 2019; 

Mardeni & Kwan, 2010; Saidi et al., 2017) to optimize path loss models.  

In model tuning, the iterative process is relatively complicated. Authors (Yang, 

2008) have proposed a  linear-iterative method based on the least square principle to 

reduce the iterative parameters. They have used it to optimize the COST231-Hata 

propagation model for the 3G radio network planning. Their suggestion simplifies 

multi-parameters non-linear iterative method into a two-parameter linear-iterative 

form. By this method, the complexity of the non-linear iterative approach is reduced 

to a considerable extent. 

To further complement the simplicity of the proposed linear-iterative method, 

authors in (Cota et al., 2017) have used the proposed methods by (Yang, 2008) for 

tuning the Hata propagation loss model. They have applied this to the (Global System 

for Mobile Communication) GSM-R radio propagation in the 900 MHz over the 

railway environment in Cascais, Portugal. They have used different metric 

comparisons like Mean error (ME), the Root Mean Squared Error (RMSE), 

Correlation (R), Total Hit Rate (THR), and the Average Total Hit Rate (ATHR). All 

these metric comparisons concluded a high-performing prediction rate between the 

final tuned model and the signal measurement. 

Most of the tuning methods lean towards optimizing the Hata model in 

literature work, and little attention is given to the Egli model or the other VHF. 

Nevertheless, it is worth noting that in all of the techniques mentioned above, the 

paramount objective is to reduce the inaccuracies accompanying the model prediction. 

Therefore, the methods appropriate and suited for correcting the errors irrespective of 

the parameter involved are crucial for tuning the pre-existing propagation loss models.   
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2.4 Vegetation and terrain-based attenuation models 

Different studies have highlighted that signal suffers substantial loss variations 

when traversing a forested area. A combination of forest attenuation and other channel 

reduction factors can severely deteriorate the propagation link.  

Weissberger (Weissberger, 1982) proposed a modified exponential decay 

model for the dry, in-leaf temperate-latitude forest applicable in the 230 MHz to 95 

GHz frequency range. This model considers the lateral forest attenuation effect, which 

is particularly suitable when the tree's depth is as large as 400 meters (m). The 

International Telecommunication Union (ITU) developed a vegetation model based on 

extensive measurements in the UHF band. This model was later extended to the VHF 

band by the authors (Meng et al., 2009). This modified model applies to the long-range 

propagation in the foliage area, considering the lateral wave effect.  

Vinko Erceg (Erceg et al., 1999) developed a statistical path loss model for the 

1.9 GHz band in the suburban environment. Their study classified the terrain and forest 

parameter, which showed a good agreement with the path loss exponent variations, 

and proposed categorical attenuation parameters distinction accordingly. This model 

was later extended as Stanford University Interim (SUI) model (cite this) 

Authors in (Ndzi et al., 2011) have analyzed vegetation attenuation models in 

mango and palm plantation. They have concluded that the Non-Zero gradient model 

consistently provides a decent estimate. Although the Radiative Energy Transfer 

(RET) theorem also competently provides reasonable estimates, it is computation-

intensive, with insufficient optimized parameters presenting challenges for more 

comprehensive applications. 

Jonathan (Lu et al., 2013) proposed a path loss model based on the terrain 

roughness, mean differences, and the mean slope of terrain elements. Their study 

showed that terrain scattering occurs more frequently in longer links. They also found 

that shorter antennas (1.8 m) have more significant terrain scattering than higher 

antennas (10 m). Simultaneously, the multipath short-term fading distribution has a 

Rician K-factor greater than 15 decibels (dB) in flat and rolling terrain. It is below 0 

dB in the hilly and mountainous terrain. 
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Authors in (Loo et al., 2017) proposed a simulation-based three-dimensional 

(3D) terrain model and stretched three significant interpretations. Path loss between 

two points with the same separation but different locations differs. The number of 

obstacles between two nodes that block the Fresnel zone strongly influences the path 

loss. The base antenna's highest location may not continually reduce the propagation 

losses. 

2.4.1 Geographic Information System (GIS)-environment analysis 

The advent of satellite technology has empowered global digital 

interconnection. Not only this, it enabled innumerable spatial analyses of the Earth's 

surface. (Castro et al., 2011; Garcia & Grohmann, 2019; Wheatley, 1995). In a 

terrestrial communication system, the link is strongly influenced by the propagation 

channel. The propagation channel can be composed of buildings, terrain, vegetation 

cover, and other human-made objects that obstruct the propagation link. To understand 

the signal variation through these channels, one needs to anticipate the different effects 

on the transmitted signal as it traverses through these media. To study these media's 

effects, we use satellite imagery, which offers a convenient method since these data 

can be analyzed remotely.  

Authors in (Ponce et al., 2001) have developed a tool to evaluate and represent 

path loss, delay spread, and propagation over buildings in the urban environment using 

GIS combined with the ray-tracing technique. The models are estimated using 

geometrical optics and the uniform theory of diffraction (UTD). This tool is employed 

to illustrate the impact of the propagation setting on radio wave propagation. 

 Authors (Skjermo & Håkegård, 2019) have developed a GIS-based tool that 

estimates and visualizes the coverage from communication infrastructures providing 

Cooperative Intelligent Transport Systems and Services (C-ITS) to the road network. 

Their approach relies on the Digital Elevation Model (DEM) raster or Rasters with 

terrain height and Digital Surface Model (DSM) or Raster with surface height where 

the elevation profile between two points is calculated. For finding the optimal location 

for Roadside Unit (RSU) deployment, the loss between each raster cell consisting of 

the road links is computed using the propagation loss model. They assigned each raster 

cell a value based on how well the entire road link coverage is provided. 
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All of the works discussed are not a comprehensive list of all the references 

considered. While different ongoing work and preprints are available, we selected the 

maximum number of peer-reviewed reliable literary works for our scrutiny. These 

works discussed gave an additional plausible analysis for our work, which poses a 

challenging task since the propagation channel is a hilly terrain forested region over a 

vast radio horizon.  

 

 

 



 

 

Chapter  3 
Methodology   
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3 Methodology 

3.1 Measurement instruments and setup 

3.1.1 Spectrum analyzer 

For measurement, there are several requisites like an antenna for reception, a 

Spectrum analyzer for display and construing the received signal variation, and the 

GPS for providing the geolocation of the site and the time information. The complete 

list of measurement instruments with types and models are provided in TABLE 3.1. 

 

TABLE 3.1: MEASUREMENT INSTRUMENTS, TYPES, AND MODELS 

Hardware/Software Type Model Manufactured by 

Site Master Spectrum analyzer S332E Anritsu 

Mobile antenna Dipole antenna MP534B Anritsu 

GPS antenna Magnetic mount 2000-1528-R Anritsu 

Master Software Tools Software Version 1.13 Anritsu 
 

 

 
Figure 3.1: Anritsu Site Master S332E 
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We have used the Anritsu Spectrum analyzer coupled with the standard 

Anritsu dipole antenna for signal detection and measurement with the real-time data 

recording. The spectrum analyzer is Anritsu (Site Master S332E), and the dipole 

antenna is (Anritsu MP543B). Site Master is explicitly intended for field 

environments, one of the principal instruments for radio engineers. This handheld 

device's application is numerous: Occupied bandwidth, channel power, ACPR, C/I, 

AM/FM demodulation, field strength, and a wide dynamic range (>95 dB). We have 

used it to measure signal strength variation for the 182.25 MHz and 203.25 MHz 

VHF III frequency bands. This site Master can calculate the peak, RMS, negative, 

sample, quasi-peak signal values. For our measurement, we have taken the RMS 

signal strength variation measurements. The SS32E spectrum analyzer frequency 

ranges from 100 kHz to 4 GHz and is inbuilt with GPS Receiver, which requires an 

external GPS antenna. 

3.1.1.1 Setting up the Site Master for measurement 

 
Figure 3.2: Graphical user interface of Site Master S332E. The figure shows the signal 

strength measurement taken at Sairum. 
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In Anritsu Site Master S332E, there are numerous options available. For 

signal strength measurement, we chose a spectrum analyzer after switching on the 

device. First, we set the detection type to Root Mean Squared per Average 

(RMS/Avg) and chose the commonly used standard unit for field strength 

measurement (here, we used dBμV/m). We set the spectrum analyzer's center 

frequency to the desired frequency (182.25 MHz and 203.25 MHz) with a 5-10 MHz 

coverage span. This span indicates the signal frequency below and above the center 

frequency. Therefore, the measurement consists of center frequency measurement 

and near-neighboring signal frequencies specified by this span. 

Next, we set the reference level to match the received signal strength. This 

reference level setting helps regulate the total signal waveform displayed based on 

the received signal strength quality. We adjust this reference level to show the 

measured signal's initial rise and peak point in poorly received signal strength 

instances. However, this reference level setting must be set high enough to 

accommodate the received signal's initial and peak amplitude with strong signal 

quality. The spectrum analyzer's sweep time is chosen below 5 seconds to detect the 

frequent signal peak point variations. We took an adequate number of quality signal 

readings (up to seven signal strength readings) for each signal measurement site.  

Another parameter influencing this sweep time is the Resolution Bandwidth 

(RBW) and Video Bandwidth (VBW). We set the RBW to give the most acceptable 

resolution possible. When this RBW is set too narrow, the sweep time tends to 

increase; however, the neighboring signal is not adequately defined if this RBW is 

set too low. The VBW is used to smoothen out the unwanted noise displayed. Similar 

to the RBW, when VBW is narrow, the sweep time tends to increase. We set this 

RBW at 100 kHz and VBW at 100 Hz.  These parameters are adjusted to have a 

proper display within a sweep time of 5-7 seconds. 

3.1.2 Global Positioning System (GPS) 

For determining the measurement location across the vast expanse, it is 

crucial to employ a Global Positioning System (GPS). Instead of using a standalone 

GPS, the Anritsu Site Master has an inbuilt location provider within reach while 

taking measurements. The inbuilt GPS in Site Master has an option to confirm the 
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exact measurement location (longitude, latitude, altitude) with Universal Time (UT) 

information. Each trace can be stamped with location information to ensure the 

measurements place at the correct location.  

The Anritsu manual claims to provide frequency accuracy by the inbuilt GPS 

to better than 50 parts per billion (ppb). The GPS option also enhances the frequency 

accuracy of the internal reference oscillator. The GPS usually takes two to three 

minutes to acquire the satellite link. The GPS data is in Degree-Minutes-Seconds 

(DMS) format, which we converted into radians for the present analysis. 

3.1.3 GPS antenna 

The satellite detector is a magnetic mount active GPS with a frequency range 

of 1575 MHz (GPS). It requires a 5V direct current connected to the SMA connector 

at the Anritsu Site Master's back. The GPS antenna's overall gain is 27 dBi (decibel 

isotropic) with a 2:1 Voltage standing wave ratio (VSWR). However, all these 

parameters are isolated and do not influence the measurement of the studied signal. 

The magnetic-mount GPS antenna makes it convenient for attaching it to one end of 

the antenna's metal stand, ensuring the dipole antenna's midpoint location while 

exploring the longitude and latitude. 

 
Figure 3.3: Magnetic-mount GPS antenna. 

 

3.1.4 Dipole antenna 

The Anritsu MP534B antenna is a half-wave dipole antenna that comes pre-

equipped with a tripod stand. The dipole antenna has a maximum power input of 1W 

with an input impedance of 50 Ω, with a 25 to 520 MHz measurement frequency 

range. The antenna's average relative gain is 0 dB with ≤ 2 Voltage Standing Wave 
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Ratio (VSWR). Every two ends of the dipole antenna consist of a telescopically 

extendable antenna. We calculated the dipole antenna length first based on the 

frequency measured, and the extent of the pole is adjusted based on these 

calculations. The Anritsu MP534B dipole rod has a different frequency span bar 

marker in MHz that is effortlessly manageable and adjustable to the desired 

frequency. 

 

 
 

Figure 3.4: Dipole antenna (MP534B) set up for measurement at one of the measurement 
sites in the Northern direction. 
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3.1.4.1 Theory of half-wave dipole antenna 

A half-wave is one popular version of the dipole antenna, an assembly of two 

quarter-wavelength conductors placed end to end to obtain an overall length of half 

of the signal's wavelength to be measured. The current distribution is a standing 

wave, sinusoidal along the dipole length, each end comprising a node and an 

antinode (peak current) at the center. 

  

 
 

Figure 3.5: Schematic diagram of the dipole antenna showing the length as a function of 
wavelength. 

 

The length of the dipole (𝐿𝐿) is adjusted to make the total length is an even 

multiple of half-wavelength of the signal measured. This half-wavelength ensures the 

development of a standing wave voltage and standing wave current across the length 

of the dipole. Each pole of the antenna needs to be a quarter wavelength of the signal 

measured where we adjusted this dipole rod length separately for the 182.25 MHz 

and 203.25 MHz signals. 

 

 𝜆𝜆 =
𝑐𝑐
𝑣𝑣

 (3.1) 
 

 𝐿𝐿 =
𝜆𝜆
2

 (3.2) 

 

 𝐿𝐿 =
𝑐𝑐

2𝑣𝑣
 (3.3) 

 

𝐿𝐿 is the total length of both the poles, 𝜆𝜆 is the signal wavelength, and 𝑣𝑣 is the 

signal frequency. 

 



34 
 

 
Figure 3.6: Half-wave dipole showing the voltage and current standing wave.     

 

 

 
Figure 3.7: Illustration showing the spectrum analyzer setup coupled with the dipole antenna 

and GPS antenna.  

 

The measurement setup is shown in Figure 3.7. The magnetic-mount GPS 

antenna is placed at the lower end of the antenna, ensuring that the GPS location 

recorded is at the mid-point of the dipole length. In the setup, hm denotes the mobile 

antenna's height, and throughout the signal measurement survey, we have fixed this 

hm at 1.8 m above ground. Using measurement tape, we ensured that the tripod stand 

widening and terrain features do not alter this height above ground. We also ensured 
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that each dipole length is set to its proper length before recording each signal 

variations. 

 
Figure 3.8: VHF TV terrestrial antenna consisting of the 182.25 MHz dipole antenna at the 

mid-section and batwing antenna transmitter for the 203.25 MHz at the top. 
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3.1.5 Base antenna/Transmitter 

The base antenna consists of two Very High Frequency (VHF) Television 

(TV) terrestrial transmitters (182.25 MHz and 203.25 MHz transmitters) located at 

Durtlang, Aizawl Mizoram. The location coordinate of the transmitter is 23.76 

latitudes and 92.74 longitudes. Both the 182.25 MHz and 203.25 MHz transmitter 

shares the same transmitter tower but at a different height. The 203.25 MHz 

maximum transmitted power is 10KW, and that of the 182.25 MHz is 1 KW, as 

provided in TABLE 3.1. Both the transmitter provides continuous wave (CW) signal 

transmission. 

 

 
Figure 3.9: Picture showing the signal measurement near Kolasib district (North). 
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3.2 Signal measurement area  

 
 

Figure 3.10: Figure showing India map with the extended study area (Mizoram) map.  
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Our study area is Mizoram, one of the North-Eastern states of India, as shown 

in Figure 3.10. We recorded signal strength across the transmitter's four cardinal 

directions (Tx), namely, Kolasib in the North, Keifang in the East, Thenzawl in the 

South, and Mamit in the West, as shown in Figure 3.10. The legend in the map 

indicates the districts or towns up to which the signal measurement extends. The 

study area's general topographic features comprise a hilly terrain region composed of 

moderate-to-heavy forest cover for most sites. The vegetation/forest cover height 

roughly ranges from 1 to 8 m, with a varying density.  

Our signal measurement lasts for almost one and a half years. Due to some 

technical issues and weather conditions, we could not conduct the signal 

measurement daily. We started the measurement operation in mid-August and 

completed all the signal measurements during December 2018. We covered a total 

aerial distance of 64 km for the Northern Region, and beyond this point, there was no 

significant signal strength to be measured. We covered a total aerial distance of 56 

km for the Southern direction, and beyond this point, there was no significant signal 

strength data for recording.  Due to the topographical issues, the Eastern and Western 

regions pose a challenging task for signal measurement. We covered 30 km aerial 

distances for the Western part and 32 km aerial distances for the Eastern direction. 

Beyond these distances, it was risky to take a further measurement for both 

directions.  

 
TABLE 3.2: MEASUREMENT PARAMETERS, VALUES, AND UNITS 

Parameters 
               Values and Units 

          𝐹𝐹1         𝐹𝐹2  

Center Frequency     182.25 MHz 203.25 MHz 

Power transmitted      30 dBw    40 dBw 

Base antenna height        40 m    32 m 

Mobile antenna height        1.8 m    1.8 m 

Transmission type          Continuous-wave (CW) 

Antenna model PCN 1601SSPEH/1 PCN 1610SSPH/1 
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We recorded a continuous wave (CW) VHF signal (182.25 MHz and 203.25 

MHz) propagating from the VHF transmitter using Anritsu Site Master with the 

standard dipole antenna. The base antenna or the transmitter (Tx) heights are at 30 m 

and 42 m above ground for the respective 𝐹𝐹1 and 𝐹𝐹2 signals while the dipole antenna 

is kept constant at 1.8 m above the ground throughout the signal measurement 

campaign. We took signal strength readings by mounting the dipole antenna on a 

clear base, starting at 10 m transmitter-receiver (Tx-Mx) separation, and so on. We 

recorded the signal measurements in decibel-microvolt per meter (dBμV/m), the 

standard signal strength unit used in radio communication. We observed that the 

signal strength between 1 km and 2 km was roughly equal with 2-4 dBμV/m 

difference only. Hence, we planned the subsequent signal measurements at a rough 

separation interval of 2 km (aerial) distances using a Google map. 

3.2.1 Site assignment and signal strength measurement 

We pre-assigned each measurement site on a Google map and conducted our 

signal measurement campaign using the Google navigation system. We assign the 

signal measurement sites at a rough separation interval of 2 km radial area along the 

transmitter's road-connected expanse. Since the study area is a hilly terrain region 

with few winding roads and hairpin turn, this map location assignment helps sidestep 

the nearby-neighboring adjacent part caused by these winding roads and turns. This 

nearby adjacent location caused by such a winding road tends to show almost 

equivalent signal strength readings. 

The global position system (GPS) functionality within the spectrum analyzer 

allows capturing each measurement location's actual coordinates1. In this way, we 

covered 89 sites, with 32 locations in the North, 28 locations in the South, 14 

locations in the East, and 15 locations in the West. These sites are approximately 

separated by an aerial distance of 2 km each, with the initial data analysis point 

selected at 2 km. The initial 10 m to 2 km distance showed minimal signal strength 

variation. We took field strength in each site, ranging from 5-7 datasets, amounting 

to 550 readings. 

 
1 The GPS coordinate unit is in Degrees.  
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3.3 Site analysis using Geographic Information System (GIS). 

3.3.1 Terrain profile 

To analyze the measurement site's profile, we used the Digital Elevation 

Model (DEM) raster data obtained from (NASA Jet Propulsion Laboratory (JPL), 

2013). Due to its size, the original raster file requires tons of data processing time. 

We reduced this size using the crop feature in Quantum Geographic Information 

System (QGIS) program based on our signal measurement area's extent. We 

calculated each site's profile using the same Terrain profile plugin for each 

measurement direction from this cropped raster file. This plugin outputs the terrain 

profile in graphical form. Although this tool provides the elevation details, the table 

data format needs reformatting for obtaining each site's elevation.  

  

 
Figure 3.11: Northern region terrain elevation profile of the signal measurement sites.  

 

The transmitter is at an elevation of 1385 m above sea level and stands at the 

height of 40 m above ground. This transmitter location, elevation profile, and 

antennae placement (182.25 MHz and 203.25 MHz) above ground is common for all 

measurement directions.  In the Northern direction, we covered a total distance of 

roughly 64 km aerial distances from Tx. The terrain elevation profile features a 

rugged moderate ascending and descending slope till 10 km, and a steep downhill 
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follows till 26 km. A rising slope extends further up to 36 km and falls again with a 

similar ascending feature at 53 km and descends thereon. Up to 10 km, the region is 

best depicted as an urban area followed by a suburban area, with very few forest 

distributions. Beyond 10 km, the forest placement alternates from moderate to heavy 

vegetation or forest distribution, where the majority of the sites are rural areas with 

few habitats. However, as we reached towns and districts, the forest distribution 

becomes significantly less. 

 

 
Figure 3.12: Southern region terrain elevation profile of the signal measurement sites.  

 

In the Southern direction, after a steep downward slope from the Tx location 

and an ascending terrain, there is a regular horizontal terrain till 24 km, after which it 

descends till 26 km. From this point, the landscape ascends till it reaches 1513 m 

elevation at 34 km. This peak obstructs most of the LoS link from Tx beyond this 

point, where the signal strength is lower than most sites. The terrain descends from 

this peak position with another uphill terrain at 40 km and descent beyond this point 

with an uphill ascension till 50 km distance and follows almost a regular moderate 

slope. We covered a total distance of 56 km for the Southern region. Like the 

Northern part, the forest distribution alternates from moderate to dense cover from 10 

km onwards.  
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For the Eastern part, we covered a total distance of 15 km only. The 

measurement site's terrain profile shows a steep, rugged terrain descending slope till 

9 km. After this separation distance, the elevation ascends until it reaches 15 km 

distances. The terrain descends till 19 km, and again there is an ascending hill slope 

till it goes 25 km distance. The nearby landscape obstructs most of the LoS link, 

where only a nearby single site has a LoS link with Tx. The forest distribution ranges 

from moderate to dense cover.  

 

 
Figure 3.13: Eastern region terrain elevation profile of the signal measurement sites.  

 

For the Eastern part, we covered a total distance of 30 km only. The 

measurement site's terrain profile shows a steep, rugged terrain descending slope till 

9 km. After this separation distance, the elevation ascends until it reaches 15 km 

distances. The terrain descends till 19 km, and again there is an ascending hill slope 

till it goes 25 km distance. The nearby landscape obstructs most of the LoS link, 

where only a nearby single site has a LoS link with Tx. The forest distribution ranges 

from moderate to dense. The forest distribution ranges from moderate to dense cover. 
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Figure 3.14: Western region terrain elevation profile of the signal measurement sites.  

 

The Western measurement sites follow a terrain elevation profile almost 

similar to the Eastern sites. From Tx, the terrain descends downhill till it reaches 11 

km. There is an ascending slope after this 11 km distance, with another descends at 

18 km. As the terrain elevation reaches its minimum position at 21 km, it ascends 

steeply till 24 km distance, and from there on, it descends till 32 km. There is three 

LoS link for the western direction. The link blocking forest distribution ranges from 

moderate to dense distribution 10 km away from Tx. The sites before this distance 

are urban areas with very little forest distribution. There is only three LoS link for the 

entire western sites. 

3.3.2 Sites elevation  

To obtain a more straightforward breakdown of each measurement site's 

elevation above sea level, we used the Geographic Resources Analysis Support 

System (GRASS) GIS using the same DEM raster file. First, we created a vector file 

for each measurement site location consisting of both the latitude and the longitude 

in QGIS. We saved this site location in the form of a shapefile (.shp). In GRASS 

GIS, we have used the module v.what.rast under Vector Update attribute module, 

which requires the vector location file and the DEM raster file as the input. This 

module gives the elevation of each site (pre-assigned site) above sea level, where the 

unit is in meters.  
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Figure 3.15: A Portion of the Digital Elevation Model (DEM) raster of the study area.  

 

3.3.3 Line-of-sight (LoS) analysis 

In GRASS GIS using the same DEM raster file, we calculate the line-of-sight 

(LoS) using the r.viewshed analysis module. This viewshed analysis estimates the 

projecting from the transmitter top location to each mobile antenna location. Based 

on the DEM raster file input, the obstruction is determined, and the visible raster area 

is given as the final output. We also provided the elevation above ground of both the 

transmitter and the mobile antenna before the actual data processing. Similar to the 
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elevation analysis process using the module v.rast.what module we used our 

measurement site location shapefile and updated the table using this visible raster 

output. The final outcome is in binary numbers consisting of 0's and 1's. The value 1 

indicates the LoS locations and NLoS location otherwise. 

3.3.4 Normalized Difference Vegetation Index (NDVI) 

In satellite imagery, the presence of green vegetation can be remotely 

accessed through the Normalized Difference Vegetation Index (NDVI) analysis. 

NDVI results from the photosynthetic nature of the leaf's reflection of the near-

infrared and the absorption of the red light. Based on this phenomenon, the presence 

of green vegetation can be determined.  

 
 

Figure 3.16: A portion of the Normalized difference Vegetation Index (NDVI) of the study 
area.  
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Using Sentinel-2 satellite data, we computed the NDVI values in QGIS using the 

relationship 

 

 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 =
𝑅𝑅𝑁𝑁𝑁𝑁𝑁𝑁 − 𝑅𝑅𝑁𝑁
𝑅𝑅𝑁𝑁𝑁𝑁𝑁𝑁 + 𝑅𝑅𝑁𝑁 

 (3.4) 

 

Where 𝑅𝑅𝑁𝑁𝑁𝑁𝑁𝑁 is the reflectance in the near-infrared band and 𝑅𝑅𝑁𝑁 is the 

absorption of the red light. In our Sentinel-2 image data, the near-infrared band is the 

Band-8, and Band-4 is the red band. Our study area's resulting NDVI output value 

ranges from -0.67 to 0.91, where a value closer to 1 point to the presence of extra 

green vegetation. 

3.4 Data processing 

The Anritsu Site Master has the capability of storing the signal strength data. 

We have two options to save these data within the Site Master during the signal 

measurement, i.e., either in the form of an image file or . 𝑠𝑠𝑠𝑠𝑎𝑎 format. The . 𝑠𝑠𝑠𝑠𝑎𝑎 file 

format is smaller in size than the image file and occupies a lesser space; hence in this 

. 𝑠𝑠𝑠𝑠𝑎𝑎 format, we could accommodate more measurement data within the internal 

storage without requiring transfer to an external storage device. After the signal 

measurement campaign, we transferred these files to an external storage device 

(USB) and processes the . 𝑠𝑠𝑠𝑠𝑎𝑎 file format data with the Master software tool 

provided by Anritsu on a personal computer. 

3.4.1  GPS data and the transmitter-receiver separation 

In each signal measurement site, the spectrum analyzer captured the GPS 

location data for each signal measured. Here the latitude is the north-south position, 

ranging from 0° at the Equator to 90° (N or S) at the poles. Simultaneously, the 

longitude is the east-west position, ranging from 0° Prime Meridian to −180° 

westward and +180° eastward.  

In Site Master, the GPS data unit is Degrees Minutes Seconds (DMS). We 

convert these data into decimal degrees (𝛿𝛿) as described below 
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 𝛿𝛿 = 𝑁𝑁 +
𝑀𝑀
60

+
𝑆𝑆

3600
 (3.5) 

 

Here 𝑁𝑁, 𝑀𝑀, and 𝑆𝑆 represent Degrees, Minutes, and Seconds respectively. This 

decimal degree (𝛿𝛿) in radians is 

 

 𝑟𝑟𝑎𝑎𝑟𝑟𝑟𝑟𝑎𝑎𝑟𝑟𝑠𝑠 = 𝜋𝜋
𝛿𝛿

180
 

 
(3.6) 

 

To calculate the distance of separation between the transmitter and receiver 

(Tx-Mx), we employ the Haversine great circle formula (Duncan et al., 2013), whose 

mathematical expression is as under 

 

 𝑋𝑋 = Sin(𝐴𝐴1) Sin(𝐴𝐴2)  (3.7) 
 

 𝑌𝑌 = Cos(𝐴𝐴1) Cos (𝐴𝐴2) (3.8) 
 

 𝑅𝑅 = 𝐶𝐶𝐶𝐶𝑠𝑠−1�𝑋𝑋 + 𝑌𝑌𝐶𝐶𝐶𝐶𝑠𝑠(𝐵𝐵2 − 𝐵𝐵1)�𝐸𝐸𝑟𝑟 (3.9) 
 

Here R is the transmitter-receiver (Tx-Mx) separation in km, 𝐴𝐴2 and 𝐵𝐵2 are 

the respective Tx latitude and longitude; 𝐴𝐴1 and 𝐵𝐵1 are each measurement sites 

(mobile antenna location) latitude and longitude, and 𝐸𝐸𝑟𝑟 is the Earth radius in km 

(6371 km). All the latitudes and longitudes are in radians. 

3.4.2 Path loss data 

The observed/measured signal strength in dBµV/m is converted into dBW using the 

expression. 

 𝑃𝑃𝑁𝑁(𝑟𝑟𝐵𝐵𝑑𝑑) = 𝐸𝐸(𝑟𝑟𝐵𝐵𝑑𝑑𝑁𝑁/𝑚𝑚) + 20 log10(𝜆𝜆𝐴𝐴𝑟𝑟) − 156.8 (3.10) 
 

Where 𝐸𝐸 is the received signal strength (𝑟𝑟𝐵𝐵𝑑𝑑𝑁𝑁/𝑚𝑚) and 𝐴𝐴𝑟𝑟 is the isotropic 

antenna gain ratio related to the antenna gain 𝐴𝐴𝑔𝑔 as 

In our analysis, we assumed zero antenna gain factor (𝐴𝐴𝑔𝑔 = 0). 



48 
 

 𝐴𝐴𝑟𝑟 = 10𝐴𝐴𝑔𝑔×10 (3.11) 

 

If we consider an isotropic antenna with an absorption cross-section, then the 

power received can also be expressed as (Hata, 1980) 

  

 𝑃𝑃𝑁𝑁(𝑟𝑟𝐵𝐵𝑑𝑑) = 𝐸𝐸(𝑟𝑟𝐵𝐵𝑑𝑑𝑁𝑁/𝑚𝑚) + 20 log10(𝜆𝜆2/4𝜋𝜋) − 145.8 (3.12) 
 

Both (3.10) and (3.12) gives a negligible difference for zero antenna gain 

factor. Considering the theoretical isotropic antenna, which provides equal radiation 

for all directions, it provides a much more straightforward calculation. 

The transmitted power (𝑃𝑃𝑇𝑇) in watt (W) is converted into dBW or dBm using 

the expression 

 

 
𝑃𝑃𝑇𝑇(𝑟𝑟𝐵𝐵𝑑𝑑) = 10 log10 𝑃𝑃𝑇𝑇(𝑑𝑑) 

𝑃𝑃𝑇𝑇(𝑟𝑟𝐵𝐵𝑑𝑑) = 20 log10 𝑃𝑃𝑇𝑇(𝑑𝑑) 
(3.13) 

 

Where the power in dBm is related to dBW through a simple relationship 

 

 𝑟𝑟𝐵𝐵𝑚𝑚 = 𝑟𝑟𝐵𝐵𝑑𝑑 + 30 (3.14) 

 

Now, we calculate the loss using the expression 

 

 
𝐿𝐿 = 𝑃𝑃𝑇𝑇(𝑟𝑟𝐵𝐵𝑑𝑑) − 𝑃𝑃𝑁𝑁(𝑟𝑟𝐵𝐵𝑑𝑑) 

𝐿𝐿 = 𝑃𝑃𝑇𝑇(𝑟𝑟𝐵𝐵𝑚𝑚) − 𝑃𝑃𝑁𝑁(𝑟𝑟𝐵𝐵𝑚𝑚) 
(3.15) 

 

The loss (𝐿𝐿) computed is in decibel (dB), which we obtained using either 

expression. Nevertheless, the power received (𝑃𝑃𝑁𝑁) and the power transmitted (𝑃𝑃𝑇𝑇) 

must have the same logarithmic unit. 
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3.4.3 Representation of the loss data 

As explained above, the signal measured is in dBμV/m, converted into dB, as 

described in Section 3.4.2. Next, the separation distance is calculated in km using 

(3.9). The propagation loss (𝐿𝐿) in dB is commonly represented as a graph-plot 

against the separation distance (𝑅𝑅). Since path loss is logarithmic, to represent the 

linear fit line, we used a logarithmic X-axis scale (logarithmic distance in km). 

 

 
Figure 3.17: Plot showing the loss variation (dB) as a function of distance (km) for the North 

(Kolasib) and the South (Thenzawl). 

 

From Figure 3.17, the fit line for each direction (North or South) showed that 

the loss increases with the separation distance (separation between the mobile 

antenna and the transmitter). Even in the clear line-of-sight, this loss occurs as the 

separation approaches a critical distance, especially for the low transmitting antenna 

height. This loss arises due to the obstruction of the first Fresnel zone, which 

increases the path loss exponent as the Tx-Mx separation approaches a particular 

value. This investigation has been established grounded on the two ray model (He et 

al., 2012). 
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3.5 Optimization using least square method 

Modeling of propagation loss requires a large number of datasets. This data 

relates not only to a frequency or transmitter and mobile antenna height. To model a 

loss pertinent to any region, one needs to incorporate the propagation channel 

parameters. Keeping this in view, the need for optimization or tuning of existing 

models becomes increasingly important. 

First, the error is calculated and based on this error, the subsequent least-

square fit correction is applied based on the observed data. 

 

𝜀𝜀 = 𝐶𝐶𝑜𝑜𝑠𝑠𝑜𝑜𝑟𝑟𝑣𝑣𝑜𝑜𝑟𝑟(𝑌𝑌𝑖𝑖) − 𝑠𝑠𝑟𝑟𝑜𝑜𝑟𝑟𝑟𝑟𝑐𝑐𝑝𝑝𝑜𝑜𝑟𝑟(𝑍𝑍𝑖𝑖) 

 

In regression form, if the predictor variable is (𝑋𝑋𝑖𝑖) then its relationship with 

the dependent variable (𝑍𝑍𝑖𝑖) is expressible as 

 

 𝑍𝑍𝑖𝑖 = 𝐴𝐴 + 𝐵𝐵𝑋𝑋𝑖𝑖 (3.16) 
 

Where 𝐴𝐴 and 𝐵𝐵 denote the regression parameters. The error term is 

expressible in the form 

 �𝜀𝜀 = ��𝑌𝑌𝑖𝑖 − (𝐴𝐴 + 𝐵𝐵𝑋𝑋𝑖𝑖)�
2

𝑛𝑛

𝑖𝑖=1

𝑛𝑛

𝑖𝑖=1

 (3.17) 

 

It follows from the least-square principle that the estimators' 𝐴𝐴 and 𝐵𝐵 are the 

respective values of 𝛼𝛼 and 𝛽𝛽, which minimizes the error (𝜀𝜀) for a given observation 

(Kutner et al., 1996). This minimum rate is obtained by equating the first-order 

derivative of 𝜀𝜀 w.r.t 𝛼𝛼 and 𝛽𝛽 to zero.  

For the alpha coefficient 

 

 
𝜕𝜕
𝜕𝜕𝛼𝛼

�𝜀𝜀2 = 2�(𝑌𝑌𝑖𝑖 − 𝛼𝛼 − 𝛽𝛽𝑋𝑋𝑖𝑖)(−1) = 0
𝑛𝑛

𝑖𝑖=1

𝑛𝑛

𝑖𝑖=1

 (3.18) 
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−�𝑌𝑌𝑖𝑖 + �𝛼𝛼 + 𝛽𝛽�𝑋𝑋𝑖𝑖 = 0 
𝑛𝑛

𝑖𝑖=1

𝑛𝑛

𝑖𝑖=1

𝑛𝑛

𝑖𝑖=1

 

�𝑌𝑌𝑖𝑖 = �𝛼𝛼 + 𝛽𝛽�𝑋𝑋𝑖𝑖

𝑛𝑛

𝑖𝑖=1

𝑛𝑛

𝑖𝑖=1

𝑛𝑛

𝑖𝑖=1

 

(3.19) 

 �𝑌𝑌𝑖𝑖 = 𝑟𝑟𝛼𝛼 +
𝑛𝑛

𝑖𝑖=1

 𝛽𝛽�𝑋𝑋𝑖𝑖

𝑛𝑛

𝑖𝑖=1

 (3.20) 

 

Where 𝑟𝑟𝛼𝛼 = ∑ 𝛼𝛼𝑛𝑛
𝑖𝑖=1  

 

For the beta coefficient 

 

 
𝜕𝜕
𝜕𝜕𝛽𝛽

�𝜀𝜀2 = 2�(𝑌𝑌𝑖𝑖 − 𝛼𝛼 − 𝛽𝛽𝑋𝑋𝑖𝑖)(−𝑋𝑋𝑖𝑖) = 0
𝑛𝑛

𝑖𝑖=1

𝑛𝑛

𝑖𝑖=1

 (3.21) 

 

 −�𝑌𝑌𝑖𝑖𝑋𝑋𝑖𝑖 + 𝛼𝛼�𝑋𝑋𝑖𝑖 + 𝛽𝛽�𝑋𝑋𝑖𝑖  2 = 0 
𝑛𝑛

𝑖𝑖=1

𝑛𝑛

𝑖𝑖=1

𝑛𝑛

𝑖𝑖=1

 (3.22) 

 

 �𝑌𝑌𝑖𝑖𝑋𝑋𝑖𝑖 = 𝛼𝛼�𝑋𝑋𝑖𝑖 + 𝛽𝛽�𝑋𝑋𝑖𝑖  2 
𝑛𝑛

𝑖𝑖=1

𝑛𝑛

𝑖𝑖=1

𝑛𝑛

𝑖𝑖=1

 (3.23) 

 

Equation (3.20) and (3.23) are the Normal equations, where 𝛼𝛼 and 𝛽𝛽 are the 

point estimators of 𝐴𝐴 and 𝐵𝐵  

 

�𝑌𝑌𝑖𝑖 = 𝑟𝑟𝛼𝛼 +
𝑛𝑛

𝑖𝑖=1

 𝛽𝛽�𝑋𝑋𝑖𝑖 

𝑛𝑛

𝑖𝑖=1

 

�𝑌𝑌𝑖𝑖𝑋𝑋𝑖𝑖 = 𝛼𝛼�𝑋𝑋𝑖𝑖 + 𝛽𝛽�𝑋𝑋𝑖𝑖  2 
𝑛𝑛

𝑖𝑖=1

𝑛𝑛

𝑖𝑖=1

𝑛𝑛

𝑖𝑖=1

 

(3.24) 

 

Rearranging the above Normal equations (3.24) in matrix form and solving 

for 𝛼𝛼 and 𝛽𝛽  
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 �
𝑟𝑟 ∑𝑋𝑋𝑖𝑖
∑𝑋𝑋𝑖𝑖 ∑𝑋𝑋𝑖𝑖 2

� �
𝛼𝛼
𝛽𝛽� = � ∑𝑌𝑌𝑖𝑖

∑𝑋𝑋𝑖𝑖𝑌𝑌𝑖𝑖
� (3.25) 

 

 𝛼𝛼 =
∑𝑌𝑌𝑖𝑖 − 𝛽𝛽∑𝑋𝑋𝑖𝑖

𝑟𝑟
 (3.26) 

 

 𝛽𝛽 =
𝑟𝑟∑𝑋𝑋𝑖𝑖𝑌𝑌𝑖𝑖 − ∑𝑋𝑋𝑖𝑖∑𝑌𝑌𝑖𝑖
𝑟𝑟∑(𝑋𝑋𝑖𝑖)2 − (∑𝑋𝑋𝑖𝑖)2

 (3.27) 

 

For the predicted value (𝑍𝑍𝑖𝑖), we assume 𝛼𝛼 as a constant and 𝛽𝛽 as the changing 

variable. Based on this method, we have performed optimization for the respective 

Egli and Hata model. 

3.6 Statistical test and analysis 

The signal measured in the wireless communication system shows wide 

variations with topology, with no clear-cut relationship. Hence a large number of a 

dataset are required for the statistical inference. In actual signal measurement, the 

results that we can draw are the overall experiment's probable outcome. To further 

evaluate the performance of the models theorized or proposed, statistical analysis 

tools are also required.  

There are different evaluation methods available. However, specific standard 

statistical analysis methods are usually employed in a wireless communication 

system that remains indispensable for evaluating a model's performance. We 

mentioned these tools as under: 

3.6.1 Root Mean Squared Error (RMSE) 

The Root Mean Squared Error (RMSE) is the standard statistical performance 

metric used in meteorology and climate research studies. The advantage of the 

RMSE is that it does not use absolute value and shows a clear difference in model 

performance comparison (Kasuya, 2019). The mathematical RMSE expression is 
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 𝑅𝑅𝑀𝑀𝑆𝑆𝐸𝐸 = �∑(𝐿𝐿𝑜𝑜𝑜𝑜 − 𝐿𝐿𝑝𝑝𝑟𝑟)
𝑁𝑁

 (3.28) 

   

 In (3.28) 𝐿𝐿𝑜𝑜𝑜𝑜 is the observed loss and 𝐿𝐿𝑝𝑝𝑟𝑟    is the model predicted loss, while 

𝑁𝑁 is the total number of observations. 

3.6.2 Correlation coefficient 

The correlation coefficient is a measure of the linear relationship between two 

variables,  �̅�𝑥 and 𝑦𝑦�, which is denoted by 𝑟𝑟 or 𝑅𝑅. It is also called Pearson's correlation 

coefficient (Kasuya, 2019), where 𝑟𝑟 is defined as 

 

 𝑟𝑟 =
∑ (𝑥𝑥𝑖𝑖 − 𝑥𝑥)(𝑦𝑦𝑖𝑖 − 𝑦𝑦)𝑛𝑛
𝑖𝑖=1

�∑ 𝑥𝑥𝑖𝑖𝑛𝑛
𝑖𝑖=1 − 𝑥𝑥 �∑ 𝑦𝑦𝑖𝑖𝑛𝑛

𝑖𝑖=1 − 𝑦𝑦
 (3.29) 

 

Here 𝑥𝑥𝑖𝑖 and 𝑦𝑦𝑖𝑖 denotes the variable values of the 𝑟𝑟𝑡𝑡ℎ position, �̅�𝑥 and 𝑦𝑦� denote 

the mean of 𝑥𝑥 and 𝑦𝑦, and 𝑟𝑟 indicate the sample size. The correlation coefficient value 

ranges from 0 to 1, and a value closer to 1 represents a better linear relationship. 

Although we did not mention this statistical tool in our work, this correlation 

coefficient helps determine the observed signal relationship's initial analysis with the 

different associated parameters. The coefficient of determination test provides a more 

solid statistical test framework for model analysis. 

3.6.3 Coefficient of Determination 

One of the tools widely used to measure the strength of the regression 

relationship is the coefficient of determination or the 𝑅𝑅-squared analysis. It is 

denoted by 𝑟𝑟2 or 𝑅𝑅2 and is expressed as (Cornell, 1987) 

 

 𝑅𝑅2 = 1 −
𝑆𝑆𝑆𝑆𝑟𝑟𝑟𝑟𝑟𝑟𝑖𝑖𝑟𝑟𝑢𝑢𝑎𝑎𝑎𝑎
𝑆𝑆𝑆𝑆𝑡𝑡𝑜𝑜𝑡𝑡𝑎𝑎𝑎𝑎

 (3.30) 
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𝑆𝑆𝑆𝑆𝑟𝑟𝑟𝑟𝑟𝑟𝑖𝑖𝑟𝑟𝑢𝑢𝑎𝑎𝑎𝑎 = ∑(𝑥𝑥 − 𝑥𝑥�)2  

𝑆𝑆𝑆𝑆𝑡𝑡𝑜𝑜𝑡𝑡𝑎𝑎𝑎𝑎 = ∑(𝑥𝑥 − �̅�𝑥)2  
(3.31) 

 

Where 𝑥𝑥� represents the predicted data, �̅�𝑥 denotes the mean of the observed 

data, and 𝑥𝑥 represents the empirical data. 

𝑅𝑅2 is a statistical measure representing the variance proportion for a 

dependent variable explained by an independent variable or the regression model 

variables. Similar to the correlation coefficient the 𝑅𝑅2 value ranges from 0 to 1, and 

the coefficient of determination or the 𝑅𝑅2 value closer to 1 indicates a stronger 

regression relationship. 

3.7 Data analysis software  

 
Table 3.3: Table showing the programs and software used for the analysis. 

Software/Programs Manufacturer/Developer Address 

Microsoft Excel Microsoft  Corporation Albuquerque, New 
Mexico, United States 

Statistical Package for the 
Social Sciences (SPSS) 

International Business 
Machine (IBM) 
Corporation 

Endicott, New York, 
United States 

Matlab Mathworks Natick, Massachusetts, 
United States 

Quantum Geographic 
Information System (QGIS) 

QGIS development 
team 

Alaska, United States 

Geographic Resources 
Analysis Support System 
(GRASS) 

GRASS Development 
Team 
 

Mundialis GmbH & Co. 
KG Koelnstrasse 99 
53111 Bonn Germany 

 

 

For database management, we have used Microsoft Excel. Excel provides a 

convenient tool as it comes pre-equipped with a Microsoft office package, while 

Words and Powerpoint are indispensable tools for writing and presentations. 

Furthermore, Microsoft Office is available on most PCs, which means that the data 
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saved in the office program format can be accessed on any other PC without 

installing programs,  which are the other added advantages.  

For the statistical analysis, we have used Matlab and IBM SPSS. SPSS 

provides a quick statistical analysis with an ANOVA table, a valuable tool for 

analyzing the linear regression models. In Matlab, we have used curve fitting tools 

for analyzing the dependent variable with the independent variable. This tool is 

handy for obtaining a graphical relationship when there are two independent 

variables.  

In the Geographic Information System (GIS) analysis, we have used both 

Quantum Geographic Information System (QGIS) and Geographic Resources 

Analysis Support System (GRASS) GIS for examining the study area satellite 

imagery. Both these programs are open-source software, which works on both Linux 

and Windows. End-users and hobbyists often express that GRASS GIS provides a 

better map projection than the QGIS software when dealing with a raster file. 

However, each program handles vector and raster files differently, and there is 

always the benefit of using both the GIS since each program has its advantages. 

 

 

 

 

 

 



 

 

Chapter  4 
Results and 
Discussion 
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4 Results and Discussion 

In our signal measurement campaign, we have covered a total of 89 sites for 

all the directions with seven measurements at each location, thus recording 623 nos of 

signal strength data across the study area. As highlighted in the Research 

Methodology, we analyzed the initial measurement data collected for communication 

in Conferences and Journals. Due to this, we have performed a different data analysis 

based on data availability. The 203.25 MHz transmission has a higher antenna (40 m 

above ground) and a more extended coverage area than the 182.25 MHz signal (32 m 

above ground). Furthermore, due to some technical issues with the transmission line 

during the signal measurement survey, only the 203.25 MHz signal is continuously 

transmitted, whereas the 182.25 MHz transmission remained offline from time to time. 

In the Geographic Information System (GIS) based analysis, the 182.25 MHz signal 

analysis is also included. While we have prepared a comprehensive analysis of both 

signal transmissions, at the time of this thesis submission, the research is still under 

review with Radio Science (AGU), and the preprint is available at the Earth and Space 

ScienceOpenArchive(ESSOAr) www.essoar.org/doi/abs/10.1002/essoar.10504482.2. 

4.1 Path loss model comparison 

During the initial signal measurement campaign, we recorded signal strength 

in 13 sites in the southern region and 6 locations in the Northern area, consisting of 99 

observed data (Jawhly et al., 2019). Here only the 203.25 MHz signal frequency is 

considered.  We compute the propagation loss from this observed data and compare it 

with various propagation loss models like Egli, Hata, Perez Vega - Zamanillo model, 

Walfisch and Bertoni, and the Free-space propagation loss models.  

We used the Root Mean Squared Error (RMSE) analysis to compare the mean 

observed loss with the propagation loss models for this particular analysis. The RMSE 

value determines the error associated with the prediction and the observed data, where 

an RMSE value closer to zero indicates a lower error prediction rate. Our analysis 

showed that Perez Vega and Zamanillo model showed superior performance for the 

http://www.essoar.org/doi/abs/10.1002/essoar.10504482.2
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Northern region. In contrast, the Hata model showed the lowest error for the Southern 

part, as shown in TABLE 4.1. 

 
TABLE 4.1: RMSE COMPARISON OF THE DIFFERENT LOSS MODELS FOR THE 203.25 MHZ SIGNAL. 

Site Free-space Hata Egli Perez Walfisch-Bertoni 

North 16.33 27.76 13.54 8.45 29.70 

South 34.99 15.03 12.16 15.01 17.55 
 

This analysis result indicates that both Perez Vega and Zamanillo model and 

the Egli model presented the optimal performance for the Northern and Southern 

region, respectively, within 26 km (aerial) South and 12 km (aerial) North of the study 

area. These findings may vary based on the total distances covered since the signal 

varies with Tx-Mx separation. The graphical plot for the North and South region 

analysis is provided in Figure 4.1 and Figure 4.2, respectively. 

 

 
Figure 4.1: Graphical plot showing the different loss model comparison with the observed 

loss (203.25 MHz signal) for the Northern region. 
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Figure 4.2: Graphical plot showing the different loss comparison with the observed loss 

(203.25 MHz signal) for the Southern region. 

 

4.2 Optimization of propagation loss models. 

Based on the least square optimization method discussed in Chapter 1, we 

performed the Egli and Hata model tuning for the 203.25 MHz signals. This 

optimization procedure is given in detail in one of our published manuscripts (Jawhly 

& Tiwari, 2020). We obtained the optimized coefficients for the Egli and Hata model 

separately for both the Northern and the Southern regions based on this tuning method. 

The data used in this analysis is the extended measurement, which consists of the 

aforementioned preliminary data with a whole new set of measurements performed in 

the other signal measurement survey. The total dataset consists of 32 sites (64 km 

aerial distance) in the North and 28 sites (56 km aerial distances) in the South direction 

of the transmitter, the total distance covered for the respective North and South for the 

entire signal measurement campaign. 

There are three area models available; Open area, Suburban area, and Urban 

area, in the Hata model. We have optimized the Open area model for the North and 
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the Suburban area model for the South without a motive. This random selection, 

however, does guarantee that the optimization method worked irrespective of the 

model selection.  

We learned that the least-square optimized Egli and Hata model gave equal 

prediction (Figure 4.3), although composed differently. This equality arises because 

the least-square approximation reduces each model error to its minimum realizable 

value. The observed signal loss data governs the degree of the errors associated with 

each model. Furthermore, this result indicates that the least-square optimization 

method verifies the least-square approximation method's competency in tuning the 

empirical propagation loss models.   

Based on the optimized method discussed, the Egli and Hata model's minimum 

error model is presented separately for the North and the South. These models can be 

used as a reference model for the study area, specifically for the Northern region 

(Kolasib) with a maximum extent of 64 km (aerial)  and the Southern part (Thenzawl) 

with a maximum distance of 56 km (aerial). 

4.2.1 Optimized model (North direction) 

 
𝐿𝐿𝐸𝐸 = 85.16 + 20 log10(𝑓𝑓𝑐𝑐) − 20 log10(ℎ𝑏𝑏) − 10 log10(ℎ𝑚𝑚)  

+ 32.98 log10 𝑅𝑅 
(4.1) 

 

 
𝐿𝐿𝐻𝐻(𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜) = 42.16 + 44.49 log10(𝑓𝑓𝑐𝑐) − 13.82 log10(ℎ𝑏𝑏) − 𝛾𝛾 

−4.78[log10(𝑓𝑓𝑐𝑐)]2 + [43.37 − 6.55 log10(ℎ𝑏𝑏)] log10 𝑅𝑅  
(4.2) 

 

4.2.2 Optimized model (South direction) 

 
𝐿𝐿𝐸𝐸 = 87.83 + 20 log10(𝑓𝑓𝑐𝑐) − 20 log10(ℎ𝑏𝑏) − 10 log10(ℎ𝑚𝑚)  

+ 37.16 log10 𝑅𝑅 
(4.3) 

 

 
𝐿𝐿𝐻𝐻(𝑠𝑠𝑠𝑠𝑏𝑏𝑠𝑠𝑠𝑠𝑏𝑏) = 68.55 + 26.16 log10(𝑓𝑓𝑐𝑐) − 13.82 log10(ℎ𝑏𝑏) − 𝛾𝛾 

−2 �log10 �
𝑓𝑓𝑐𝑐
28
��
2

+ [47.65 − 6.55 log10(ℎ𝑏𝑏)] log10 𝑅𝑅  
(4.4) 
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Where  𝛾𝛾 = (1.1 log10 𝑓𝑓𝑐𝑐 − 0.7)ℎ𝑠𝑠 − (1.56 log10 𝑓𝑓𝑐𝑐 − 0.8)     𝑑𝑑𝑑𝑑 

 

𝐿𝐿𝐸𝐸 and 𝐿𝐿𝐻𝐻 are the optimized Egli and Hata model respectively. For the Hata 

optimized model 𝐿𝐿𝐻𝐻(𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜) indicates the optimized Hata open area model and 

𝐿𝐿𝐻𝐻(𝑠𝑠𝑠𝑠𝑏𝑏𝑠𝑠𝑠𝑠𝑏𝑏) indicates the optimized Hata suburban area model 

The optimized model, their original models, and the Perez Vega and Zamanillo 

model are provided in Figure 4.4 and Figure 4.5, respectively, for the North and the 

South. Since both optimized Egli and Hata models have a similar result, both 

optimized models are presented as (Egli/Hata)optimized. 

 

 
 

Figure 4.3: Plot showing regression of the optimized Egli and Hata results. 
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Figure 4.4: Plot showing the different losses compared with the Optimized Egli/Hata1 model 

for the North. 

 
Figure 4.5: Plot showing the different losses compared with the Optimized Egli/Hata2 model 

for the South 

 
1 Here we have denoted the optimized model as Optimized Egli/Hata model, since both optimized model 
(Egli and Hata model) gives equal predicition results. 
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TABLE 4.2: COEFFICIENT OF DETERMINATION COMPARISON OF DIFFERENT MODELS 2. 

𝑅𝑅2 Egli Perez 𝐿𝐿𝐻𝐻(𝑠𝑠𝑠𝑠𝑏𝑏𝑢𝑢𝑜𝑜) 𝐿𝐿𝐻𝐻(𝑠𝑠𝑠𝑠𝑏𝑏𝑠𝑠𝑠𝑠𝑏𝑏) 𝐿𝐿𝐻𝐻(𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜) Optimized 

North 0.44 0.34 -0.04 0.36 0.04 0.47 

South 0.36 0.02 0.49 0.52 -0.67 0.55 
 

Based on the evaluations made using the coefficient-of-determination, we 

learned that the least square method efficiently minimized the model's errors. Both the 

optimized model delivers the optimum results for the prediction model and 

accordingly outperforms their original models. This coefficient of determination (R-

Squared) result is provided in TABLE 4.2. The Hata propagation loss model is denoted 

by 𝐿𝐿𝐻𝐻, where open, suburb, and urban represents Hata's different area loss models. 

From the table, we observed that next to the optimized model, the Hata suburban area 

and urban area model are the optimal performing model for the Southern direction. In 

contrast, the Egli and Hata suburban area models are the optimal performing model 

for the Northern direction. The Hata open area model performs poorly for both 

directions, while the Perez vega model showed a high performance only for the 

Northern direction. 

4.3 Diffraction loss analysis  

The diffraction loss occurs when the communication link is obstructed by 

terrain or buildings. This diffraction loss is analyzed based on the theoretical 

diffraction loss formulation, where the link-obstructing medium is treated as a knife-

edge. For our study area, we analyzed the sites where knife-edge diffraction analysis 

is plausible. Due to a large coverage area, we have used only the single knife-edge 

diffraction loss analysis. It is worthwhile mentioning that the knife-edge diffraction 

loss is the additional loss imposed on the free-space loss. The total loss is obtained by 

calculating the free-space losses first and supplementing the knife-edge diffraction 

losses. 

 
2 The Coefficient of determination value closer to 1 indicates a stronger regression relationship while 
the negative value indicates that the model does not have regression relationship. 
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TABLE 4.3: SINGLE-KNIFE EDGE DIFFRACTION LOSS J(𝑣𝑣) AND THE TOTAL LOSS (𝐿𝐿𝛽𝛽) FOR ALL THE 

MEASUREMENT DIRECTIONS.  

Direction Rx (km)   𝑣𝑣  J(𝑣𝑣) (dB)  𝐿𝐿𝛽𝛽 (dB) 

North 

 

8.02 2.44 20.66 117.99 

15.99 6.15 28.61 125.69 

10.06 0.82 12.73 120.52 

12.04 2.93 22.21 122.53 

13.94 4.48 25.86 124.16 

South 

 

1.98 5.35 27.40 102.40 

7.99 4.49 25.89 117.95 

18.03 1.88 18.54 127.03 

19.99 0.89 13.20 128.19 

10.01 3.97 24.82 120.47 

East 

 

13.99 2.00 19.03 124.21 

15.97 9.70 32.59 125.68 

West 

 

18.21 0.04 6.39 127.14 

19.97 6.75 29.43 128.17 

9.93 1.49 16.73 120.38 

4.06 2.49 20.84 110.39 

19.99 1.94 18.80 122.49 

 

The primary analysis of this paper concerns the VHF band propagation over 

the vast hilly terrain region. To conclude the diffraction outcome using a more 

straightforward analysis, only the single knife-edge diffraction is considered. In this 

analysis, we have used all the data that can be examined using the knife-edge model. 

Out of the total signal measurement sites, we learned that eighteen sites have a clear 

link with Tx, and only twenty-one (21) sites are obstructed by terrain, out of which 

multiple terrains obstruct four sites (4), and seventeen (17) sites comprise of single 

terrain obstruction. The single-terrain obstructed sites for the different cardinal 
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direction detail and their diffraction losses is provided in TABLE 4.3. Similar to the 

previous analysis, we have used only the 203.25 MHz signal measurement for our 

study. 

We learned that the ITU-R model shows a good agreement with our observed 

signal strength calculations from our analysis. The diffraction loss calculated is 

represented by J(𝑣𝑣) and the total loss as 𝐿𝐿𝛽𝛽, where all units are in decibel as provided 

in TABLE 4.3. This total loss (𝐿𝐿𝛽𝛽) is the diffraction loss combined with the line-of-sight 

(LoS) loss. Although the free-space loss exponent is usually accepted as 𝑛𝑛 = 2, we 

calculated the loss exponent for the line-of-sight link to be 𝑛𝑛 = 2.57. This is the free-

space (unobstructed) sites deduced from observation data for the study area.  

 

 𝐿𝐿𝛽𝛽 = 𝐿𝐿𝐿𝐿𝑜𝑜𝐿𝐿 + 𝐽𝐽(𝑣𝑣) + 𝜖𝜖 (4.5) 

 

Here 𝐿𝐿𝐿𝐿𝑜𝑜𝐿𝐿 is the line-of-sight (LoS) loss, 𝐽𝐽(𝑣𝑣) is the single-knife edge 

diffraction loss, and 𝜖𝜖 is the error correction. This error correction additional term is 

used to compensate for the loss difference between the observed loss and the total loss. 

We omitted this error in our analysis since the observed loss difference with the loss 

calculated is only within an average of 4.5 dB differences. 

Although we did explicitly estimate the multiple-diffracted ray, we learned that 

the losses of the four sites in the multiple-diffracted terrain region are on par with the 

single-terrain obstructed observed losses as shown in Figure 4.6. As a result of this, the 

single knife-edge diffraction (SNED) losses are combined with the four losses in the 

multiple knife-edges diffracted (MKED) region Figure 4.7. The resulting SNED fit is 

thus a combination of both SNED and MKED losses. 

Notice that only a few sites consist of terrain obstructions, which can be 

analyzed using a knife-edge diffraction method. We proposed a loss model accordingly 

that considers both the terrain obstructed link and LoS link. We assigned a value 

𝜏𝜏𝐿𝐿𝑜𝑜𝐿𝐿 = 1 to the LoS link and 𝜏𝜏𝐿𝐿𝑜𝑜𝐿𝐿 = 0 to the NLoS (terrain obstructed) link. 

The resulting proposed loss model accordingly is expressed as 

 

 𝐿𝐿 (𝑑𝑑𝑑𝑑) = 𝜏𝜏𝐿𝐿𝑜𝑜𝐿𝐿(𝐿𝐿𝐿𝐿𝑜𝑜𝐿𝐿) + (1 − 𝜏𝜏𝐿𝐿𝑜𝑜𝐿𝐿)𝐿𝐿𝛽𝛽 (4.6) 
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Figure 4.6: Plot showing the Single, Multiple Knife-edge diffraction loss and the line-of-

sight (LoS) loss with their respective fit 

 

 

 
Figure 4.7: Plot showing the Single Knife-edge loss as the Obstructed loss with their 

respective fit.  
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The coefficient of determination analysis showed that the loss proposed model 

gives a good agreement with the observed signal loss (𝑅𝑅2 = 0.62). This proposed 

model will efficiently explain the signal variation within these separation distances 

since the average signal measurement data covered is only within 10 km aerial distance 

from the transmitter.  

4.4 Geographic Information System (GIS)-based loss analysis 

One of the practical tools in satellite technology is the remote sensing system, which 

offers a robust and practical groundwork for analyzing and learning Earth's physical 

spatial features. Such satellite data have been successfully employed in the 

hydrological, geomorphological, and land features (Chandrashekar et al., 2015; Höhle 

& Höhle, 2009; Singh et al., 2014).  

Our fourth analysis used the 182.25 MHz signal measurement data and the 

203.25 MHz signal for the entire Northern region. During this period, we have decided 

to conclude the signal measurement campaign for the 203.25 MHz. We have covered 

a total of 89 sites for the 203.24 MHz signal. However, we have completed the 182.25 

MHz signal measurement survey for the Northern region only. Therefore, this analysis 

relates only to the signal measurement of the entire Nothern direction. 

4.4.1 Line-of-sight (LoS) and Non line-of-sight (NLoS) losses 

Using Digital Elevation Model (DEM) raster, we have analyzed the LoS and NLoS 

link. We observed that the LoS and NLoS classification significantly differed where 

the NLoS showed higher attenuation than the LoS link. 

4.4.2 Relationship between signal loss and elevation profile 

We have examined the elevation profile of our study area using the Digital 

Elevation Model (DEM). Using a 10 m radius wedge-shaped area, we obtained the 

elevation profile to anticipate only the rays coming from the transmitter Tx and falling 

by the mobile antenna Mx.  
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We found that mean elevation within this wedged area had a significant 

correlation with the 182,25 MHz signal (𝑅𝑅 = −.52,𝑝𝑝 = .002) and the 203.25 MHz 

signal (𝑅𝑅 = −.66,𝑝𝑝 < .000). 

4.4.3 Relationship between signal loss and NDVI 

The Normalized difference Vegetation Index (NDVI) gives the vegetation's 

greenness based on the color differences, whose values range from 0 to 1. We projected 

that this NDVI factor would have some relations with signal behavior. Although NDVI 

had a significant association with the vegetation distributions, we failed to witness a 

significant relationship (𝑝𝑝 = 𝑛𝑛. 𝑠𝑠) with the signal variation. We get this negative 

outcome because NDVI does not include the vegetation height, where a forest height 

lower than the mobile antenna has no profound effect on the link. 

 

 

 
Figure 4.8: Plot showing the line-of-sight (LoS) and the non-line-of-sight (NLoS) losses for 

the 182.25 MHz signal.  
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Figure 4.9: Plot showing the line-of-sight (LoS) and the non-line-of-sight (NLoS) losses for 

the 203.25 MHz signal.  

 

 
 

Figure 4.10: Wedge-shape area (10 m radius) analysis of the Digital Elevation Model (DEM) 
and Normalized Difference Vegetation Index (NDVI) raster profile.  
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Figure 4.11: Correlation matrix plot showing the loss correlation with Elevation and NDVI 

parameters for the 182.25 MHz and 203.25 MHz signals. 

 

4.4.4 Regression analysis results 

Based on the above analysis, we performed a linear regression analysis using 

Visibility (LoS and NLoS) and elevation (Mx location) as the predictor variable and 

the observed loss as the outcome variable. The analysis showed that both visibility and 

elevation significantly predicted the 182.25 MHz loss (𝑅𝑅2 = .71,𝐹𝐹(2,29) =

35.68,𝑝𝑝 < .000), and the 203.25 MHz loss (𝑅𝑅2 = .74,𝐹𝐹(2,29) = 41.49,𝑝𝑝 <  .000). 

We proposed a loss model accordingly, which is expressed as 

 

 𝐿𝐿𝐿𝐿𝑠𝑠𝑠𝑠 = 𝐴𝐴𝐴𝐴 + 𝑑𝑑𝐵𝐵 + 𝐶𝐶 (4.7) 
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Where 𝐴𝐴,𝑑𝑑, and 𝐶𝐶 are empirical constants, and 𝐴𝐴 and 𝐵𝐵 are the respective Mx 

site elevation and the visibility from Tx. A graphical plot of the proposed model and 

the loss variation for the 182.25 MHz and the 203.25 MHz signal is shown in Figure 

4.12 and Figure 4.13. 

 

 
Figure 4.12: Regression analysis of the 182.25 MHz loss with visibility and elevation.  
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Figure 4.13: Regression analysis of the 203.25 MHz loss with visibility and elevation.  

 

 The coefficient-of-determination (R-squared) analysis results indicate that the 

proposed loss model provides a good agreement with both the 182.25 MHz and 203.25 

MHz observed signal loss variations for the entire Northern region  

  

4.5 Discussion 

In a wireless communication system, the link is significantly influenced by the 

propagation channel. For the proper radio planning and deployment of a wireless 

system, it is crucial to understand the various signal-affecting factors and model its 

loss. There are theoretical and empirical loss models; The theoretical or site-specific 

model concerns assessing different channel parameters, which often requires complex 

mathematical calculations to arrive at the results. This method is considered expensive 

or time-consuming. On the other hand, the empirical model results from vast 
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measurements made in a particular region with the variable parameters restricted to 

antenna height and the separation distance. The empirical models are simple, and the 

outcomes are easy to estimate. However, these statistical models arising out of a 

particular setting often do not agree with other regions' results. To complement the 

usage of these empirical methods, optimizing or tuning of existing models is usually 

employed. 

 Comparing existing loss models like Egli, Hata, Perez, Walfisch-Bertoni, and 

the free-space model showed that the statistical models proficiently estimate the 

observed losses. This straightforward analysis is simple and easy to implement. A 

more accurate prediction of the loss requires an optimization using the least square 

analysis to efficiently remove the fundamental errors associated with the model. 

However, this tuning method still relates to corrections for the specific region only. A 

detailed signal loss variations based on the environmental parameters requires a more 

theoretical approach. In a clustered environment, the wide-ranging details of signal 

variations require different physical phenomena interpretations. Although getting the 

complete aspect of the inconsistent signal variations in various sites would require 

substantial modeling and mathematical formulations, the central channel influencing 

factors can be determined, which will help understand signal behavior to a 

considerable extent. 

 

 

 

 



 

 

Chapter  5 
Conclusion 

and 
Summary 
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5 Conclusion and Summary 

This study has brought forth a detailed VHF signal measurement across 

Mizoram, India. We have analyzed the VHF signal broadcast's relevant extent 

emanating from Doordarshan Kendra, Aizawl, across a vast expanse of the study area. 

The signal beyond our measurement extent, although pertinent, will be very feeble for 

further analysis. Although some reports of anomalous signal propagation and light 

reception of the same VHF signal across Shillong, Meghalaya, we have not examined 

this in detail. The first measurement survey was a success where we have obtained and 

learned the different outcomes of the signal data collection. Due to some technical 

issues and the dipole antenna problem, the second and third surveys did not bring much 

relevant signal accumulation. After proper planning and calibration of the 

measurement tools, we completed all the measurements during the seventh survey for 

all the sites. We covered a total of 89 sites with signal strength data of approximately 

550 readings. 

 Our study indicates that the terrain-forest channel region strongly influences 

the signal variations. Although the different literature works have emphasized the loss 

due to the transmitter-receiver (Tx-Mx) separation, we learned that the signal reception 

could vary inconsistently from site to site for the hilly terrain forested region. 

Moreover, the signal in the more extended area may have a better signal quality. This 

uncertainty demands the proper investigation of the channel influence on the 

transmitted signal for large-scale propagation across such environments. 

 The signal measurement survey has been recorded in detail with each site's 

mobile antenna's proper settings. The previous Doordarshan signal measurement 

survey had no adequate record of the mobile antenna height, and the same dipole 

length is used for different signal measurements. In contrast, we have used the standard 

Anritsu Dipole antenna, with the utmost attention, the proper dipole length settings for 

the respective 203.25 MHz and the 182.25 MHz signals at each site. Also, we have 

used the same antenna (Mx) height above ground for each location. Furthermore, in 

each measurement site, we recorded different signal measurement sets ranging from a 
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minimum of four to a maximum of seven readings. Such data records can provide a 

statistical analysis with a higher probability of signal accuracy. 

 During our preliminary analysis, we used the free-space propagation model, 

Perez-Vega and Zamanillo model, Egli model, Hata model, and the Walfisch and 

Bertoni model to analyze a few signal strength variations of the Northern and the 

Southern region. These models are the prediction models applicable within the VHF 

frequency range. Although the Walfisch-Bertoni model is specifically intended for a 

slightly higher frequency, we plan on testing its applicability to the VHF band. Based 

on these model's comparison, we learned that the Perez Vega model and Egli model 

showed a better performance than the other models. This data pertains to the first 

measurement survey data.  

After combining all the measurement signal survey data and estimating the loss 

using a well-defined formulation, we again performed the path loss model comparison. 

We learned that for the total mean measured loss, the Hata model outperforms other 

selected models. However, the Egli model and Perez-vega and Zamanillo model 

showed a capable performance as the loss is analyzed separately for each direction. 

Based on these analyses, we concluded that the Okumura-Hata model or the Hata 

model showed the most comparable predictions with our measurement signal 

attenuation among these model comparisons. Although the Hata model is empirically 

based, this model has also provided an exceptional performance for our study area. 

We have selected three models; the Hata model, Perez Vega - Zamanillo 

model, and the Egli model. These three models showed a good agreement with our 

measurement loss data, out of which Hata mode showed the unsurpassed performance 

for the total loss analysis. All these models are empirical models, which is the plausible 

statistical outcome of measurement performed in a particular setting. Therefore, each 

model has the scope for corrections because our study area is in a different 

environment setting. In wireless communication, signal variation is random, 

fluctuating with the region, location, time, and propagation media. Therefore, the 

averaged loss fit is generally taken as the optimum value weighed with the model 

prediction. For path loss model corrections, tuning methods are usually employed that 

minimize the errors associated with the model prediction to a certain degree. 
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 There are different methods of tuning a loss model. The mathematical 

calculations involved can range from modest to multifaceted. Although it is essential 

to understand the various techniques available equally, the primary aim of tuning or 

optimization is to minimize the errors associated with each model. Moreover, based 

on these selected empirical models, each model's independent variable parameter is 

limited and does not require hefty calculations. We learned that the least-square 

optimization method provides the necessary measures to correct the models as 

mentioned above. We applied this least-square regression method to the Hata and the 

Egli model and obtained the optimized results for the Northern and the Southern 

region. This result of the Hata and Egli optimized model offered an equivalent 

prediction due to the least-square principle. During our analysis, the Eastern and the 

Western region data were not completed, and so we present only the optimal model 

available for the two directions (Northern and Southern region). 

Notwithstanding this, we showed that the least-square model tuning method 

provides a practical and straightforward error correction method, which can be applied 

to different existing empirical models. The Perez Vega - Zamanillo model consists of 

different pre-defined loss exponent parameters, which depended on the antenna height 

and Tx-Mx separation. Changing these parameters would amount to creating a whole 

new set of parameters. Therefore, we have left out this model from the tuning. 

We learned that the empirical models are limited to the changing environment. 

The tuning method does not considerably address the problems faced by radio 

engineers when dealing with large-scale propagation dynamic channel parameters. 

The propagated signal be subjected to different obstacles like terrain, vegetation, line-

of-sight (LoS) link, and other human-made objects. To consider such problems, we 

took the initiative to explore the different methods available and formulate a loss 

model that is more pertinent to a dynamic environment.  

We tested the ITUR knife-edge diffraction model for few selected areas that 

consist of a terrain obstruction. In arrears of the study area being a hilly terrain region, 

the measurement sites are composed of multiple terrain obstructions distributed 

through different elevations. Subsequently, we cover a large area where various terrain 

obstructions are prevalent with no uniformity in their number and heights. As such, we 

examined only the sites probable through a single knife-edge principle. We learned 
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that the ITU-R P.526-15 recommendations gave a good agreement with measurement 

data, which is projected for frequencies above 30 MHz. 

The satellite data analysis could help examine the spatial features of the earth 

over the vast coverage area. Using a Digital Elevation Model (DEM), we have 

examined the study area's terrain and elevation profile. From this elevation and terrain 

profile, we have analyzed the LoS for each site. Furthermore, the vegetation cover is 

also accessible from satellite data. However, our analysis of the Normalized 

Vegetation Difference Index (NDVI) failed to witness its relationship with the 

measured data since the NDVI does not necessarily include the forest cover height. 

Based on the above analysis, we have also proposed a regression-based loss model 

dependent on elevation and visibility. The proposed model gives a good agreement 

with the observed loss data, which showed a better performance than its original1 

empirical models. 

Additionally, we have recorded the forest vegetation cover in each site during 

our survey. We classified the forest cover into three types; low, moderate, and dense 

forest cover. This classification has a significant relationship with our signal 

measurement data. Furthermore, we learned that the mobile antenna's elevation angle 

(to the transmitter) significantly influences the received signal quality. We 

correspondingly proposed a model based on these findings. We proposed a loss model 

which is based on vegetation-cover-LoS classification and elevation angle. The 

proposed model gave a good agreement with our signal measurement loss. This 

proposed method, however, is still under communication with the Radio Physics 

journal. 

 In propagation loss analysis and modeling, the empirical models are laidback 

and modest to be implemented. They, however, lack the potential to adapt to the 

changing channel influencing factors. Their prediction method is static, bounded by 

the statistical likelihood or the mean of measurements made in a particular 

environmental setting. The diffraction loss model analysis provides a more theoretical 

approach, where the signal traversing an obstructed terrain is modeled as knife-edge 

 
1 The original model here refers to the non-optimized models. The optimized model are the least-error 
free models. 
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diffraction. Although this method provides accuracy to a reasonable extent, they are 

also limited to vegetation cover, forest cover, canopy cover signal attenuation. To 

understand the signal attenuation through vegetation, we need to model the forest 

impact. Though the different attenuators are not discussed, these three parameters and 

the visibility (LoS link) strongly govern a terrestrial communication system's signal 

characteristics. If the parameters are too complicated, assessing the loss can be 

expensive or time-consuming. If it is too simple, again, this will undermine its 

accuracy. A sturdy balance must be maintained between simplicity and complexity not 

to render the proposed method useless for modeling a loss. 
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Appendices 

 
Measurement parameters for all the cardinal directions 

In this section, we provide the different parameters used in the entire study. 

The transmitter antenna base location is at 23.7663 N latitude and 92.7381 E longitude, 

which is at an elevation of 1385 m (above sea level). 

• The position coordinates of mobile antenna location, N Latitude and E 

Longitude,  is in decimals. 

• The aerial transmitter and mobile antenna separation is denoted by Rx (in 

kilometers) 

• F1 and F2 is used to denote the two frequencies – 182.5 MHz and 203.25 MHz  

• The elevation (above sea level) of the mobile antenna location is denoted by Elv 

• The condition of line-of-sight (LoS) and non-line-of-sight (NLoS) is denoted by 

LoS. Where LoS=1 denotes LoS and LoS=0 denotes the NLoS sites.   

 

TABLE: TABLE SHOWING THE DIFFERENT MEASUREMENT PARAMETERS 

Se
ria

l 

 

Location 

N
 L

at
itu

de
 

E 
Lo

ng
itu

de
  

Rx 

(km) 

 

(F1) 

182.25 

MHz 

 

(F2) 

203.25 

MHz 

 

Elv 

(m) 

 

LoS 

Northern direction (64 km approx) 
1 Leitan 23.78 92.73 2.03 75.82 85.61 1385 1 

2 Selesih 23.80 92.73 3.93 72.59 83.21 1218 1 

3 Siphir 23.82 92.74 5.98 65.46 78.68 1165 1 

4 Neibawi 23.84 92.74 8.02 26.69 49.39 1260 0 

5 Sakawrhmuituai 23.86 92.74 10.06 54.78 64.29 1332 0 

6 Lungdai 23.87 92.74 12.04 33.39 57.94 1364 0 

7 PCI Sentlang 23.89 92.74 13.94 25.19 48.86 1319 0 

8 Serkhan 23.91 92.74 15.99 20.34 54.53 1112 0 

9 2 Serkhan 23.93 92.73 17.93 27.79 54.02 1025 0 
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10 3 Serkhan 23.95 92.73 19.94 28.20 37.88 843 0 

11 Near Zanlawn 23.96 92.73 21.95 25.75 30.72 635 0 

12 Zanlawn 23.98 92.72 24.01 22.47 48.30 644 0 

13 2 Zanlawn 24.00 92.69 26.01 29.53 47.59 677 0 

14 Kawnpui Kanan 24.01 92.68 28.00 54.80 70.20 341 1 

15 Kawnpui HT Motors 24.03 92.67 30.01 64.22 79.52 632 1 

16 Hmarveng 24.05 92.67 31.95 56.67 69.45 723 1 

17 Near Shiv Temple 24.07 92.68 33.95 55.06 65.53 849 1 

18 Bualpui 24.09 92.68 35.97 57.82 69.30 916 1 

19 Near UPC church 24.10 92.69 37.95 48.08 57.65 947 0 

20 VTC Sethawn 24.12 92.69 39.96 38.28 44.97 897 0 

21 2 Sethawn 24.14 92.69 41.99 35.62 45.66 854 0 

22 North Thingdawl 24.16 92.69 43.95 25.70 42.59 804 0 

23 2 North Thingdawl 24.18 92.69 45.94 19.90 33.44 754 0 

24 Thingdawl 24.20 92.69 47.95 17.83 29.95 675 0 

25 Near Kolasib (ICAR) 24.21 92.68 49.91 14.34 35.86 627 0 

26 Kolasib 24.23 92.68 51.98 17.48 23.73 688 0 

27 Gosen Veng 24.25 92.69 53.97 27.47 26.80 589 0 

28 2 Gosen Veng 24.27 92.69 55.99 23.11 31.72 417 0 

29 3 Gosen Veng 24.29 92.70 57.96 41.05 45.51 524 0 

30 4 Gosen Veng 24.30 92.70 59.99 18.58 34.58 565 0 

31 Pulou dawr 24.32 92.71 62.02 30.30 39.90 498 0 

32 Bilkhawthlir 24.34 92.72 63.98 14.12 22.47 448 0 

Southern direction (56 km approx) 

33 Thuampui 23.75 92.74 1.98 48.01 60.81 372 0 

34 Folkland 23.73 92.74 3.99 62.09 69.26 824 1 

35 ITI 23.71 92.74 6.01 68.82 77.23 764 1 

36 Saikhamakawn 23.70 92.72 7.99 49.99 56.44 982 0 

37 Hlimen 23.68 92.72 10.01 42.00 43.24 910 0 

38 Hualngohmun 23.66 92.73 12.01 58.34 66.05 856 1 

39 Melriat 23.64 92.72 14.01 48.30 57.73 813 0 

40 Falkawn 23.62 92.72 16.02 33.63 47.60 817 0 

41 Muallungthu 23.60 92.73 18.03 67.80 75.35 836 0 

42 Tachhip SA 23.59 92.71 19.99 27.23 39.79 801 0 
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43 Tachhip 23.57 92.71 22.00 58.32 67.13 834 1 

44 Aibawk Bazar 23.55 92.70 23.95 35.70 52.32 824 0 

45 Lianphunga Bung 23.54 92.70 26.00 25.96 37.75 822 0 

46 Khawhminglokawn 23.52 92.70 28.02 21.98 39.83 770 0 

47 North Lungsai 23.50 92.70 29.96 26.06 34.98 921 0 

48 South Maubuang 23.48 92.70 31.97 54.58 57.96 992 0 

49 Hmuifang 23.46 92.75 34.01 41.87 50.86 1464 1 

50 Hmuifang Bazar 23.44 92.76 35.99 36.74 47.05 1513 1 

51 Chamring 23.43 92.77 37.99 25.29 29.21 1393 0 

52 Sialsuk 23.41 92.75 40.02 28.11 24.72 1173 0 

53 Sialsuk Rhino hotel 23.39 92.75 41.99 23.44 20.90 1312 0 

54 2 Sialsuk 23.37 92.76 43.95 18.48 39.98 1197 0 

55  Mary Winchester 23.35 92.77 46.02 17.64 28.16 884 0 

56 Saillam 23.34 92.78 48.03 18.16 22.78 729 0 

57 2 Saillam 23.32 92.79 50.03 18.84 18.86 574 0 

58 3 Saillam 23.30 92.78 52.05 17.68 19.63 760 0 

59 Thenzawl 23.28 92.78 54.08 26.94 18.76 752 0 

60 2 Thenzawl 23.26 92.77 56.00 17.67 19.22 744 0 

Western direction (30 km approx) 

61 Vaivakawn 23.74 92.71 4.06 60.47 67.32 885 0 

62 Phunchawng 23.76 92.68 6.06 62.95 70.09 624 1 

63 2 Phunchawng 23.80 92.67 8.05 25.07 37.80 330 0 

64 Sihmui 23.80 92.65 9.93 31.96 37.35 156 0 

65 Tlawng 23.80 92.63 12.00 23.40 32.36 109 0 

66 Lengpui 23.83 92.62 14.01 67.36 72.03 436 1 

67 2 Lengpui 23.83 92.61 15.03 21.20 47.02 475 0 

68 Rawpuichhip 23.79 92.58 16.04 59.12 56.34 654 0 

69 2 Rawpuichhip 23.80 92.56 18.21 49.61 54.23 816 0 

70 3 Rawpuichhip 23.77 92.54 19.97 22.27 31.74 531 0 

71 Tut - lui 23.77 92.52 22.01 34.45 40.52 84 0 

72 Dampui 23.79 92.50 23.98 51.79 63.23 633 0 

73 2 Dampui 23.82 92.49 26.06 63.76 65.29 1051 0 

74 Mamit 23.89 92.50 28.17 19.20 30.27 797 0 

75 2 Mamit 23.91 92.49 29.98 24.50 29.49 778 0 
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Eastern direction (30 km approx.) 

76 Zemabawk 23.73 92.75 3.96 52.50 71.72 911 1 

77 Bungbangla 23.74 92.79 6.02 37.53 47.78 546 0 

78 Tuirial 23.72 92.80 8.02 31.07 41.86 189 0 

79 Phaibawk 23.73 92.83 10.00 40.26 46.73 529 0 

80 Seling 23.73 92.85 12.02 50.46 58.70 727 0 

81 2 Seling 23.72 92.87 13.99 28.01 40.71 759 0 

82 3 Seling 23.70 92.88 15.97 25.51 36.08 447 0 

83 Tuirini 23.68 92.89 17.99 21.25 27.14 279 0 

84 2 Tuirini 23.66 92.90 20.02 21.58 35.23 440 0 

85 3 Tuirini 23.66 92.92 22.03 27.49 39.47 727 0 

86 Near Keifang 23.65 92.94 23.98 42.66 48.81 859 0 

87 Keifang 23.67 92.97 25.97 36.23 39.66 1081 0 

88 2 Keifang 23.67 92.99 27.99 21.75 25.22 778 0 

89 3 Keifang 23.69 93.02 29.94 19.93 31.46 641 0 
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Abstract 

 
The Very High Frequency (VHF) has wide-ranging importance in civilian and military 

applications. Due to its reduced scattering and reflections, the VHF is less intricated 

than the higher frequency bands and has an immense potential to cover a large area 

and sustain a reliable communication system. The recent trend in research is exploiting 

the underutilized band in these frequency bands. Also, it is seen as the potential 

solution for bridging the digitally divided rural regions. 
In the wireless communication system, signal loss modeling is critical for 

understanding the signal variation, efficient transmission planning, and the proper 

deployment of wireless systems. Different types of propagation loss models interpret 

the signal variations from region to region. Our preliminary analysis compared various 

propagation loss models, namely; Egli, Hata, Perez Vega and Zamanillo, Walfisch and 

Bertoni, and the free-space propagation loss models using a Root Mean Squared Error 

(RMSE) analysis. Our 203.25 MHz measurement survey results, for a small sample 

measurement of the Northern and the Southern directions of the transmitter, have 

shown a good agreement with the Egli model and Perez Vega and Zamanillo model. 

In contrast, the Hata model showed a lower accuracy compared to both these models. 

The Walfisch-Bertoni and the free-space models showed a very high RMSE error. 

After conducting a broader 203.25 MHz signal survey, we compared the 

Northern and Southern direction measurement again with these same models. We 

learned that the Hata model showed a good agreement with the total mean measured 

loss. Not only this, each directional measurement has established a good agreement 

with the Hata propagation loss model. The Egli and Perez-Vega model showed a 

capable performance for each specific direction. However, they failed to account for 

the total average loss variations. We performed a least-square optimization of the Egli 



 
 

and the Hata model and learned that both optimized models gave equal predictions. 

We present an optimized Hata and Egli model accordingly. 

To account for the study area hilly terrain scenario, we considered a diffraction 

propagation loss model. We learned that the International Telecommunication Union 

Recommendation (ITU-R) P.526 gave a good agreement with our measured signal loss 

variation. We have performed this analysis on the single terrain obstruction only, 

where the diffracting obstacle is considered as a knife-edge. We combined the loss due 

to diffraction with the line-of-sight (LoS) loss, which gave a good agreement with our 

observed loss variations. We proposed a loss model based on this accordingly. 

Furthermore, the multiple diffracted single loss appears to show an equivalent loss 

with the single knife-edge loss. 

Using satellite imagery data like Digital Elevation Model (DEM) and the 

Normalized Difference Vegetation Index (NDVI), we have analyzed the LoS and 

average elevation between 10 m radius of a wedge shape spatial area. We learned that 

the elevation above sea level gave a good agreement with the signal loss variations. 

However, the NDVI analysis appears to show no relationship with the loss variations. 

We proposed a loss model based on this GIS analysis using elevation and LoS as the 

predictor variable. We learned that this proposed loss model gave a good agreement 

with the measurement losses. The GIS-based analysis provided a convenient and 

practical method of analyzing the channel parameter that defines the signal variation 

in each measurement site. 
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