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Abstract—In this paper, evaluation of selected 

radius of curvature methods for applications in rounded 

edge diffraction loss computation is presented. 

Particularly, three method are considered in the study 

and they are; one,  exact radius method which is exact 

radius of curvature by manual curve fitting drawing 

approach, two,  occultation distance method I which is 

radius of curvature by the occultation distance 

approximate expression  and three, occultation distance 

method II. The analysis were conducted for the 

following values of occultation distance to path length 

ratios; 0.92, 0.5634, 0.491, 0.32 and 0. The results 

showed that the approximate radius of curvature by the 

occultation distance method I is very close to the exact 

radius of curvature (with error ≤ 0.05%) in all the cases 

of the occultation distance to path length ratios 

considered in the study. On the other hand, the 

occultation distance method II has error that increased 

up to 4.7 %  when  the occultation distance to path 

length ratio  was 0.92. Also, the radius of curvature was 

undefined when the occultation distance to path length 

ratio is 0. In essence, the occultation distance method I 

can be used as a reliable approximate solution for 

finding the radius of curvature of rounded edge 

obstructions. Also, the results show that the radius of 

curvature is highest when the path length is half the 

occultation distance.  In addition, the radius of 

curvature tends to zero (0) when occultation distance is 

zero or when occultation distance is equal to the path 

length. 

Keywords— Occultation Distance, Diffraction 
Loss, Radius Of Curvature, Path Length, Exact 
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1. INTRODUCTION 

Wireless communication links are prone to diverse losses in 

the signal strength among which are the free space path 

loss, multipath fading, rain attenuation and also diffraction 

loss due to obstruction in the signal path 

[1,2,3,4,5,6,7,8,9,10]. Studies have shown that the amount 

of diffraction loss suffered by wireless signal depends on 

the shape and location of the obstruction relative to the path 

length of the link [11,12,13,14,15,16]. In this case, the path 

length is the distance measure from the transmitter to the 

receiver.  

Furthermore, researchers have identified single knife edge 

and rounded edge models as forms of approximations for 

different kinds of isolated obstructions for the computation 

of diffraction losses in wireless communication links 

[17,18,19,20,21,22,23,24].  Single knife edge model is 

applied when the obstruction has sharp or pointed edge at 

its apex point [25,26,27,28,29,30,31]. On the other hand, 

mountains and buildings can be modelled as rounded edge 

obstruction [32,33,34,35,36]. In this case, a rounded edge 

need to be fixed towards the vicinity of the apex of the 

obstruction and the radius of the rounded edge is used to 

estimate the addition diffraction loss due to the rounded 

edge obstruction.  

In this paper, three different methods of calculating the 

radius of curvature of the rounded edge obstruction is 

presented. The three method are also used to determine the 

radius of curvature for different shapes of the obstruction. 

The difference in the shape of the obstruction is defined in 

terms of the ratio of the occultation distance to the path 

length. The study seek to establish the approximate solution 

approach that is more accurate for determination of the 

radius of curvature of rounded edge obstructions. 

 

2.1  EXACT RADIUS OF CURVATURE BY MANUAL 

CURVE FITTING DRAWING APPROACH  

Exact radius of curvature was obtained using the following 

geometry math set drawing tools which includes;  ruler, 

180° protractor, 45° set square, 60° set square and metal 

drawing compass. The math drawing tools were used to 

draw tangent lines from the two end points 𝑃𝑒1 and 𝑃𝑒2 of 

the elevation profile and the two tangent lines intersect near 

the elevation profile apex, denoted as point Pvt in Figure 1. 

Then, a perpendicular line was draw at each of the two 

tangent points, 𝑃𝑡1 and 𝑃𝑡2 on the elevation profile and the 

intersection of the two perpendicular lines forms the centre 

(denoted as Pc) of the circle and the distance from the 

centre to any of the two tangent points gives the required 

radius of curvature, denoted here as  𝑅𝑒𝑥𝑡𝑀 , where 𝑅𝑒𝑥𝑡𝑀 is 

the length of line from point Pc to Pt1 or the line from point 

Pc to Pt2.  
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Figure 1. The geometry used for the calculation of radius of curvature of the rounded edge obstruction 

 

2.2 RADIUS OF CURVATURE BY OCCULTATION 

DISTANCE APPROXIMATE EXPRESSION 

METHOD  I 

 

This method uses the occultation distance, DOCC  and a 

parameter, 𝛼  to determine the radius of curvature, denoted 

as 𝑅𝑜𝑐𝑐𝑀 ; 

𝑅𝑜𝑐𝑐𝑀 =  
DOCC

α
   (1) 

Where 

    DOCC =  |𝑃𝑡2_ℎ𝑜𝑟 − 𝑃𝑡1_ℎ𝑜𝑟| (3) 

Where 𝑃𝑡2_ℎ𝑜𝑟 and 𝑃𝑡1_ℎ𝑜𝑟  the horizontal distance of the 

tangent points 𝑃𝑡2  and 𝑃𝑡1  from the origin. 

 

𝛼 = 𝐶𝑜𝑠−1  (
(LTR

2)+(LRV
2)−(LTV

2)

2(LTR)(LRV)
)    (2) 

𝐿𝑇𝑅 is the path length of the line from endpoint  𝑃𝑒1 to  

endpoint 𝑃𝑒2 

𝐿𝑇𝑉 is the length of the line from the vertex point, 

𝑃𝑣𝑡  to endpoint  𝑃𝑒1 

𝐿𝑅𝑉 is the length of the line from the vertex point, 𝑃𝑣𝑡 to  

endpoint 𝑃𝑒2     
 

2.3 RADIUS OF CURVATURE BY THE 

OCCULTATION DISTANCE APPROXIMATE 

EXPRESSION METHOD II 

 

The second method for computing the radius of curvature 

based on the occultation distance is given as; 

𝑹 =  
𝟐(𝐃𝐎𝐂𝐂)(𝐝𝟏)(𝐝𝟐)

(𝛂)[(𝐝𝟏𝟐)+(𝐝𝟐𝟐)]
  (3) 

The elevation profile of Figure 3  is used for the case study 

hilly terrain . 
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Figure 2  The Elevation Profile Data For The Case Study Hilly Terrain 

 

3.   Results and discussion 

 

Based on the given elevation profile data, the path length in 

meters, d(m) is 7,283.41 m, the occultation distance, D(m) 

is 2,310.76, the angle α is  0.050304655 radians and the 

signal frequency is 1GHz. The radius of curvature 

computed using the three different methods for the case 

where the occultation distance to path length ratio,  
𝐷(𝑚) 

d(m) 
 is 

0.32 are presented in Table 1 and Figure 3.  The results in 

Figure 3 and Table 1  show that at  
𝐷(𝑚) 

d(m) 
  =  0.32 the radius  

of curvature computed by  the occultation distance method 

II is the lowest with a value of 23561.2 m which is  0.9 % 

lower than the radius  of curvature  value of  23783.7 m 

obtained  by the exact radius method.  

The radius of curvature computed using the three different 

methods for the case where the occultation distance to path 

length ratio,  
𝐷(𝑚) 

d(m) 
 is 0.92 are given in Table 2 and Figure 4.  

The results in Figure 4 and Table 2  show that at  
𝐷(𝑚) 

d(m) 
  =  

0.92 the radius  of curvature computed by  the occultation 

distance method I I is the lowest with a value of 8,333.09 m 

which is  4.7 % lower than the radius  of curvature  value of 

8,740.98 m obtained by exact radius method.  

 

Table 1 The radius of curvature computed using the three different methods for the case where the occultation distance 

to path length ratio,  
𝑫(𝒎) 

𝐝(𝐦) 
 is 0.32 

Methods For Computation of the Rounded Edge 

Radius 
R (m) 

Normalized radius of curvature with 

respect to that computed with the exact 

radius method (%) 

Exact radius Method  23783.7 100.0 

Occultation Distance Method I  23769.2 99.9 

Occultation Distance Method I I  23561.2 99.1 
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Figure 3 The bar chart the radius of curvature computed using the three different methods for  the case where the 

occultation distance to path length ratio,  
𝑫(𝒎) 

𝐝(𝐦) 
 is 0.32 

Table 2 The radius of curvature computed using the three different methods for  the case where the occultation 

distance to path length ratio,  
𝑫(𝒎) 

𝐝(𝐦) 
 is 0.92 

Methods For Computation of the 

Rounded Edge Radius 
Radius of curvature,  R (m) 

Normalized radius of curvature with respect to that 

computed with the exact radius method (%) 

Exact radius Method  8,740.98 100.00 

Occultation Distance Method I  8,723.18 99.80 

Occultation Distance Method I I  8,333.09 95.33 

 

 

Figure 4 The bar chart the radius of curvature computed using the three different methods for  the case where the 

occultation distance to path length ratio,  
𝑫(𝒎) 

𝐝(𝐦) 
 is 0.92 

The radius of curvature computed using the three different 

methods for the case where the occultation distance to path 

length ratio,  
𝐷(𝑚) 

d(m) 
 is 0.5634 are given in Table 3 and Figure 

5.  The results in Figure 5 and Table 3  show that at  
𝐷(𝑚) 

d(m) 
  =  

0.5634 the radius  of curvature computed by  the 

occultation distance method II is the lowest with a value of 

26690.86 m which is  1.3 % lower than the radius  of 

curvature  value of 27039.35 m obtained by exact radius 

method.  
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Table 3 The radius of curvature computed using the three different methods for the case where the occultation distance 

to path length ratio,  
𝑫(𝒎) 

𝐝(𝐦) 
 is 0.5634 

Methods For Computation of the 

Rounded Edge Radius 

Radius of 

curvature,  R 

(m) 

Normalized radius of curvature 

with respect to that computed 

with the exact radius method 

(%) 

Exact radius Method 27039.35 100.00 

Occultation Distance Method I 27025.54 99.95 

Occultation Distance Method I I 26690.86 98.71 

 

 
Figure 5 The bar chart the radius of curvature computed using the three different methods for the case where the 

occultation distance to path length ratio,  
𝑫(𝒎) 

𝐝(𝐦) 
 is 0.5634 

The radius of curvature computed using the three different 

methods for the case where the occultation distance to path 

length ratio,  
𝐷(𝑚) 

d(m) 
 is 0.4910 are given in Table 4 and Figure 

6.  The results in Figure 6 and Table 4  show that at  
𝐷(𝑚) 

d(m) 
  =  

0.4910 the radius  of curvature computed by  the 

occultation distance method I I is the lowest with a value of 

27298.95 m which is  0.6 % lower than the radius  of 

curvature  value of  27457.14 m obtained by exact radius 

method. 

 

Table 4 The radius of curvature computed using the three different methods for the case where the occultation distance 

to path length ratio,  
𝑫(𝒎) 

𝐝(𝐦) 
 is  0.4910 

 

Methods For Computation of the 

Rounded Edge Radius 

Radius of curvature,  

R (m) 

Normalized radius of curvature with 

respect to that computed with the 

exact radius method (%) 

Exact radius Method  27457.14 100.00 

Occultation Distance Method I  27443.09 99.95 

Occultation Distance Method I I  27298.95 99.42 
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Figure 6 The bar chart the radius of curvature computed using the three different methods for the case where the 

occultation distance to path length ratio,  
𝑫(𝒎) 

𝐝(𝐦) 
 is  0.4910 

 

 

The radius of curvature computed using the three different 

methods for the case where the occultation distance to path 

length ratio,  
𝐷(𝑚) 

d(m) 
 is 0  are given in Table 5.  The results in 

Figure   Table 5  show that at  
𝐷(𝑚) 

d(m) 
  =  0 the radius  of 

curvature computed by  the occultation distance method I I 

is undefined while the radius  of curvature  obtained by 

exact radius method and the occultation distance method I 

are both 0.   

In all , the approximate radius of curvature by the 

occultation distance Method I is very close (error ≤ 0.05%) 

to the exact radius of curvature in all the cases of the 

occultation distance to path length ratios considered in the 

study. On the other hand, the occultation distance method II 

has error that increased up to 4.7 %  when  
𝑫(𝒎) 

𝐝(𝐦) 
  is 0.92. 

Also, the radius of curvature was undefined when 
𝑫(𝒎) 

𝐝(𝐦) 
  is 

0. In essence, the occultation distance method I can be used 

as a reliable approximate solution for finding the radius of 

curvature of rounded edge obstructions. 

Furthermore, the graph plot of the radius of curvature by 

exact radius method versus occultation distance to path 

length ratio,  
𝑫(𝒎) 

𝐝(𝐦) 
  for the exact radius method is given in 

Figure 7. The results in Figure 7 show that the radius of 

curvature is highest when the path length is half the 

occultation distance. The radius of curvature tends to zero 

(0) when occultation distance is zero or when occultation 

distance is equal to the path length.  

Table 5 The radius of curvature computed using the three different methods for the case where the occultation distance 

to path length ratio,  
𝑫(𝒎) 

𝐝(𝐦) 
 is  0 

Methods For Computation of the Rounded Edge Radius Radius of curvature,  R (m) 

Exact radius Method 0 

Occultation Distance Method I 0 

Occultation Distance Method I I Undefined 
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Figure 7   Radius of curvature by exact radius method versus occultation distance to path length ratio,  
𝑫(𝒎) 

𝐝(𝐦) 
  foe the 

exact radius method

4.  Conclusion 

Three different methods of computing radius of curvature 

for rounded edge diffraction loss calculation are presented. 

The three methods are examined under different cases of 

occultation distance to path length ratios. The results show 

that the occultation distance method I is a reliable 

approximate solution for finding the radius of curvature of 

rounded edge obstructions. Also, the results show that the 

radius of curvature is highest when the path length is half 

the occultation distance.  In addition, the radius of curvature 

tends to zero (0) when occultation distance is zero or when 

occultation distance is equal to the path length.  
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