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Abstract: This paper discusses the diffraction loss due to obstruction 

and its analysis based ona single knife-edge diffraction method to 

arrive at a precise loss estimate. We supplement this study with the 

measurement data of continuous-wave propagating at 182.25 MHz over 

variable hilly terrain. After calculating the measured signal,we used the 

loss exponent estimated from the measured signal in computing the loss 

for the obstructed region, which we add with the diffracted loss. The 

analysis showed that the recommendations of the ITU-R diffraction 

model give a good agreement with the measured data. We proposed 

apropagation loss model dependent on the diffraction and line of sight 

(LoS). 

Keywords: single knife-edge diffraction loss, propagation loss, line of 

sight loss, terrestrial propagation. 

  

1. Introduction 

 

       Precise estimation of signal variation across different propagation 

scenarios is a prerequisite for the proper deployment of a wireless 

communication system. A radio signal travels through scattering, 

reflection, and diffraction1,and the received signal at the far end is an 

outcome of signal that traverses multiple paths. Due to the high cost of in-

site measurement, radio engineers resort to using existing propagation loss 

models. These loss models provide an insight of signal variation before the 

actual deployment of the transmitter (Tx) across a given scenario. 

       Very High Frequency (VHF) signal frequencies range from 30 MHz to 

300 MHz and are the main module of the terrestrial communication system. 
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This frequency band has numerous civilian and military applications.The 

advent of the Cognitive Radio Access (CRA)2,3 network, and the Internet of 

Things (IoT)4 administered the importance of wireless-based technology. 

And to facilitate the constant-increasing demand for wireless connectivity, 

a terrestrial communication system is still important regardless of advanced 

achievements in the field of communication engineering.  

       In wireless propagation analysis, the Okumura-Hata model is one 

renowned model often used as the referenced model. It is the result of vast 

empirical measurement over the quasi-smooth terrain made in Japan5. 

However, in different terrain settings, the same loss model needs 

augmentation for a clear-cut estimation of the loss predicted. As such, for 

the proper estimate of loss in mixed terrain settings, we need to model the 

loss based on the different channel affecting factors. 

 

2. ITU Recommendations 

 

       Previous works have highlighted the success of implementing the 

International Telecommunication Recommendation in diverse wireless 

signal modeling6-9. Authors in8 have reported a good agreement of ITU 

Rec-529 to the spectrallyaccelerated forward-backwards (FBSA) method. 

While the varying clutter terrain loss analysis in the forested region 

performed by authors in7 has reported the success of implementing the 

ITUR Rec- P.526 and P.1812 for measurements made in Rio de 

Janeiro.Whereas authors in9 have highlighted the better performance of the 

Cascade knife-edge (Rec-P.526 12) over the Delta Bullington method 

(Rec- P526 11) for implementation in their Artificial neural network model.  

       Notwithstanding the works as mentioned above, The ITU Rec-P.526-

15 is projected explicitly for frequencies above 30 MHzwithdifferent 

estimation methods for assessing the effects of diffraction on signal 

propagation. The primary aim of this paper is the VHFband, and hence 

only the single knife-edge diffraction is considered. 

 

3. Measurement Campaign 

 

       We performed the data measurement survey inAizawl, 

Mizoram,North-East India. The signal strength measurementarea is within 

a 20 km radial area taken along the four cardinal directions of the 

transmitter. The transmitter transmits a continuous wave (CW),which we 

measured with Anritsu Sitemaster (S332E) using the standard Anritsu 
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dipole antenna.We considered the VHF band III signals with a carrier 

frequency of 182.25 MHz propagating from 32 m high antenna. The 

experimental set-up parameters are presented in Table.1. 

 

 

 

 
Figure 1. An aerial view of the study area (Aizawl Mizoram, India) with 

data collection points represented by 39 white cross marks. The red 

triangle represents the transmitter (Tx). 

 

       The total measurement data taken in 39 locations,consists of 20 sites 

obstructed by terrain. Out of the 20 sites, four sites have multiple terrain 

obstruction while the other 17 sites have single terrain obstructions. There 

are sixnon-line of sight (nLoS) sites with shadowing by tree canopy and 

buildings 

 
Table 1 Measurement set-up parameters with their values and units 

 
Parameters Values/units 

Transmitter height (hTx) 32 m 

Mobile antenna height (hMx) 1.8 m 

Frequency 182.25 MHz 

Modulation CW 

Power transmitted (Pt) 30 dBw 

Data collection points 39 locations 

Mobile antenna type Dipole antenna 

Transmitter location coordinate 23.76, 92.73 
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4. Theory and Method 

 

       4.1 Knife-edge diffraction loss: In the non-line of sight (nLoS) 

scenario between Tx and Mx, the propagation loss increases dramatically. 

This loss due to obstruction from knife-edge diffraction is simplified and 

modeled as a function of only the Fresnel-Kirchoff parameter v.Wherewe 

calculate the Fresnel-Kirchoff diffraction parameter vusing the relation 

given in10. 
 

(4.1)              
1 2

1 2

2( )d d
v h

d d


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In the above equation, h  is the effective height of the obstacle, 1d  is the 

distance between the peak of Tx and the obstacle while 2d  is the distance 

between the peak of Tx and Mx.   is the wavelength of the signal 

transmitted. All the parameters are in meters. 
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where  c v  and  s v  are the complex Fresnel integral defined as 
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We present the knife-edge diffraction loss as a function of Fresnel 

diffraction parameter vin Fig.2. 

For vhigher than -0.78 the value of J(v) in decibelis approximated as11 
 

(4.5)                  2( ) 6.9 20log ( 0.1) 1 ( 0.1)J v v v dB      .  
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Figure 2. The plot is showing the variation of the knife-edge diffraction  

loss in decibel (dB) as a function of the diffraction parameter (v). 

 

4.2 Determination of the effective height (h) of the knife-edge 

obstruction: 

 

 
 

Figure 3. Illustration of the obstacle, transmitter (Tx), and mobile antenna (Mx) with 

their respective placement elevation eTx and eMx. We denote the effective 

height of the obstruction by h. 

 

       Owing to the hilly terrain region, the elevation (above sea level) for 

each measurement location (Mx location) is unique for different areas. The 

transmitter (Tx) is based on an elevation of 1385 m and stands 30 m above 

ground, while the measurement base of the mobile antenna (Mx) is at a 

different elevation (eMx). To make the calculation more accessible, we 

assume a ground level for Mx by subtracting eMx and hMx from hTx and eTx. 

First, we determined the elevation angle    between Mx and Tx, and we 

obtained the perpendicular height g  using a simple relationship 

2 tang c  . We calculate the effective height of the obstacle  h  by 
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subtracting this g  from the remaining obstruction height. The Fresnel 

diffraction parameter v calculated using 1c  and 2c  is practically similar to 

the value of v  calculated using 1d  and 2d . However, to arrive at a precise 

estimate of v , we calculated 1d  and 2d  from the geometrical construction. 

Out of 21 obstructed sites, we evaluated 17 sites using single knife-edge 

diffraction, while we discarded 4 locations as they have multiple Tx-Mx 

obstructions. 

4.3 Propagation losses: The total measured signal in dBuV m , irrespective 

of the site location,is converted in dBw  using the relation 
 

(4.6)              10= +20log ( )-156.75rL F A dBw   

 

Using (4.6) the loss in decibel ( dB ) is computed using the relation 
 

(4.7)              ( ) ( )Loss Pt dBw L dBw dB  ,  

 

where F  is the received signal strength in dBuV m ,   is the wavelength, 

and rA  is the antenna gain ratio. For simplicity, we assume a unit antenna 

gain (antenna gain 0dBi ) for the mobile and transmitter antenna,where 

1rA  . The total power transmitted (in watt) is converted into dBw  using 

the relation 1010log (watt)dBw Pt . 

 

5. Loss analysis 

 

       5.1 Line of sight (LoS) loss:To determine the LoS loss, we employ the 

deterministic log-distance based model12 expressed as 
 

(5.1)              10

0

10 log
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In (5.1) Lo is the loss at reference distance 0 1d  , where 

1020log (4 )o oL d   while d  is the distance between Tx and Mx in meter, 

and n  is the loss exponent.  
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Table 2 Table showing the diffraction parameter, the mean diffraction loss  

evaluated at a different Tx–Mx separation (Rx), and the LoS  

loss combined with the diffraction loss ( L ). 

 

Direction Rx (km) v J(v) (dB) Lβ(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 

 

Usually, the path loss exponent is 2n   for free space. However, this can 

vary from 2.5 to 3.5 for suburban and urban environments13. For our 

measurement data, the line of sight (LoS) loss analysis showed that the loss 

exponent with a reference distance 0 1d   is 2.57.  

       We classified the distribution of the loss evaluated based on the LoS, 

Shadowed region, Single edge diffraction, and Multiple edge diffraction. 

We computed a separate theoretical LoS loss using (5.1) with 2.57n   as 

mentioned above; however, we did not analyzethe multiple knife-edge 

diffraction (MKED) and the shadowing loss,individually as the SNED 

losses.We calculate these losses using (4.7) similar to the total data.These 

shadowed regions are the measurement sites not obstructed by terrain but 

obstructed by tree canopy and buildings.  
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Figure 4. The plot is showing the mean line of sight (LoS) loss, Shadowed loss,  

Single knife-edge (SNED), Multiple knife-edge (MKED) 

loss with the LoS with loss exponent, n=2.57. 

 

 
 

Figure 5. Comparison of the mean obstructed loss and the loss combination of  

the LLOSn with the diffracted loss (Lβ). The two straight-line fit the obstructed  

loss, and  Lβ has a difference of 3.4 dB. 

 

       The loss analysis showed that MKED loss and the shadowed loss 

projections are analogous to the SNED loss, as shown in Fig. 4And as such, 

we linked these loss data with the SNED loss data and designated them as 

the obstruction loss, as there is no clear-cut boundary between them. 

Furthermore, we separated the line of sight (LoS) signal measurement from 

the obstructed sites. 

5.2 Diffraction loss:The diffraction loss computed using (4.6) shows a loss 

ranging from 6.3dB  to 32.5dB , as presented in Table.1. We learned that the 

total diffraction loss combined with the LoS loss corresponding with loss 

exponent ( 2.57n  ) is equivalent to the obstructed loss with minor 
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differences. This loss projected combining the LoS loss (LLOSn) and the 

obstruction loss has an error of 3.4 dB less based on the least square fitting 

line, as shown in Fig.5.  

Thus, we can deduce the diffraction loss based on this SNED analysis, 

whichwe expressed as 
 

(5.2)              ( )LOSnL L J v    ,  

 

where LLOSn is the LoS loss given in (4.7) and the  J v  is the knife-edge 

diffracted loss calculated using (4.6) and   is the required correction factor 

in dB . 

       We obtained the plot of the diffraction loss based on (5.2), without the 

correction factor and compared this with the fit of the measured loss data. 

We observed that even without including the correction factor, the line fit 

( L  fit) shows a comparable fit with the obstructed loss. 

 

6. Results 

 

       6.1 Proposed model: The calculated mean of the SNED loss is 

21.39dB , with a standard deviation of 6.8dB . As mentioned earlier, we did 

not compute the diffraction loss for four locations due to MKED loss and 

the six areas shadowing loss. Since the graphical analysis showed a similar 

estimate, we assign the mean value of SNED losses to these ten sites 

(obstructed sites). Based on the above reviewif we mapped the LoS 

measurement site the value 1Loss   and 0 otherwise, we can express the 

total measured loss as 
 

(6.1)                ( ) ( ) (1 )LOS LOSn LOSL dB L L    .  

 

The above equation means that for every LoS site, the second term will 

reduce to zero, and for every nLoS site, the first term will reduce to zero, 

retaining only the second term. We calculated the  correlation coefficient 

( r ) using the relationship14 
 

(6.2)                
2 2

( )( )

( ) ( )

X X Y Y

X X Y Y

r
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200                                 Thaisa Jawhly and Ramesh Chandra Tiwari 

 

In the above equation X  and Y  are the mean of the measured loss and the 

proposed loss, respectively. 

       The correlation coefficient and analysis indicated a strong positive 

relationship between the loss predicted using (6.1) and the measured data 

( 0.79r  ). The corresponding r -squared ( 2 ) computed value is 0.62, 

which indicated that the proposed loss explained 62 % of the total loss 

measured. We obtain regression of the proposed loss with the actual loss 

measured as shown in Fig. 6 

 

 
 

Figure 6. Regression plot of the proposed loss model with the mean measurement loss. A 

linear fit line indicates an 2  value of 0.62 with an RMSE of 10.9. 

 

7. Conclusion 

 

       This work presents an analysis of single knife-edge diffraction loss 

over the hilly terrain region of Mizoram across the different scenarios. We 

took a reference measurement survey in 39 locations extending 20 km 

radial distance within the four cardinal directions of the transmitter. There 

are seventeensingle terrainobstructed sites out of the total measurement 

location. The LoS loss was calculated separately for the obstructed regions 

using the loss exponent deduced from measurement LoS data. We 

supplement this resultto the diffraction loss calculated, giving the total loss 

due to obstruction. The analysis showed that the ITU recommendation 

P.526-15 gives a good agreement with the measured loss. The proposed 

model could is applicable in any scenario with single terrain obstructed 

sites. 
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