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Abstract— In this paper, the development of 
Epstein-Peterson method-based approach for 
computing multiple knife edge diffraction loss as 
a function of refractivity gradient. Specifically, the 
study utilized Epstein Peterson diffraction loss 
methodology alongside the International 
Telecommunication Union (ITU) knife edge 
approximation model to compute multiple knife 
edge diffraction loss as a function of refractivity 
gradient. Analytical expression for the 
determination of obstacles height, the earth bulge 
and the effective obstruction height were modeled 
in terms of the refractivity gradient (∆). A case 
study of 10 knife edge obstructions located in a 
communication link with a path length of 36km 
was used as a numerical example to demonstrate 
the application of the procedure presented in this 
paper. The results showed that the maximum line 
of sight (LOS) clearance height was 5.73 m and it 
occurred at a distance of 21 km from the 
transmitter; the minimum LOS clearance height 
was 0.4 m and it occurred at a distance of 33 km 
from the transmitter. On the other hand, the 
maximum diffraction parameter was 0.33and it 
occurred at a distance of 1 km from the 
transmitter. In addition, the minimum diffraction 
parameter was 0.02981424 and it occurred at a 
distance of 33 km from the transmitter. In all, for 
the case study multiple knife edge obstructions, 
the total diffraction loss in the communication link 
was78.53 dB. The idea presented in this paper is 
very relevant for the study of the effect of changes 
in refractivity gradient on multiple knife edge 
diffraction loss computed according using the 
Epstein-Peterson method. 

Keywords— Diffraction, Diffraction loss, Earth 
bulge, multiple knife edge, Refractivity gradient, 
Epstein-Peterson method 

 

I. INTRODUCTION 

Radio wave propagation over irregular 

terrain consisting of mountain, buildings, hills 

and even trees and other high rising 

obstructions is of great concern to 

communication network designers [1,2,3,4]. 

When a wireless signal is propagated over a 

long distance, the signal may get distorted and  

attenuated due to obstacles along its path. This 

causes the signal to be reflected, absorbed 

scattered or diffracted. Diffraction occurs when 

a wireless signal encounter obstacles in its path 

[6,7,8,9,10]. The diffracted signal experiences 

reduction in its signal strength which is referred 

to diffraction loss. In the determination of 

diffraction loss, obstacles or obstructions are 

modeled as knife edges [11,12,14,15,16]. When 

the obstruction is more than two, it is described 

as multiple knife edge obstructions.  

Meanwhile, the atmosphere over the earth 

is a dynamic medium; its properties vary with 

temperature, pressure and humility. These 

variables are related to the radio refractivity 

gradient N. The refractivity gradient is defined 

in terms of the index of refraction ‘n’ by N=n -1 

where n is the index of refraction [18].  

Mathematically, refractivity gradient is defined 

as shown in Equation 1;  

 N= (n-1)=
77.6

𝑇 
(𝑃 + 4810 

𝑒

𝑇
)  (1) 

Where T= absolute temperature 

(K),P=atmospheric pressure (hpa) ,e = water 

vapour pressure. Usually, in a communication 

network, the earth is curved between the 

transmitter and the receiver. The curvature of the 
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earth surface which limits the range of 

communication that requires line of sight is term 

earth bulge. Variation in refractivity gradient 

changes the earth bulge. This change in earth 

bulge varies the height of obstructions as seen by 

the signal. Diffraction loss is proportional to the 

height of obstructions. Therefore, changes in the 

atmospheric refractivity gradient affects the 

earth bulge which in turn affect the obstruction 

height and then the overall diffraction loss that 

can result from the multiple knife edge 

obstruction. This paper presents an approach to 

determine the multiple knife edge diffraction 

loss as a fuction of the refractivity gradient. The 

work is based on the Epstein-Peterson multiple 

knife edge diffraction loss method. 

II. REVIEW OF RELATED WORKS 

Adams [21]  presented an algorithm on the 

remodeling and parametric analysis of multiple 

knife edge diffraction loss. The study used the 

three knife edge obstrctions in Figure 1 in the 

development and application of n-knife edge 

diffraction loss computation based on Epstein-

Peterson and Shibuya method alongside ITU 

knife edge approximation models.  In most 

cases, the analysis of multiple knife edge 

diffraction loss is limited to a maximum of  three 

obstructions because of the complexity of the 

analysis [22,23,24]. In the work by Adams [21], 

the approach for the determination of the 

multiple knife edge diffraction loss for any 

number of obstructionswas developed.  

 
Figure 1: None line-of sight link with three knife edge  obstructions 

 

Similar to the three knife edge obstrctions in 

Figure 1,  in the N multiple knife edge 

computations, there are N knife edge 

obstructions and the distance from the knife edge 

obstruction n-1 to  obstruction n be denoted as 

dn   where n = 1,2,3 ,…N . Then, if the knife 

edge obstruction is located at a distance of dt(n)   

from the transmiter, then  

dn  =  𝑑𝑡(𝑛) − 𝑑𝑡(𝑛−1)  n= 1,2,3,…N 

  (2) 

Based on the N multiple knife edge description, 

Adams [1]  presented a procedure for  

computaing N multiple knife edge diffraction loss 

using the Epstein-Peterson method. This method 

formed the basis for the study in this paper and its 

key idea are prsented in this section. 

In the communication link of Figure 1,  

each of the obstruction that blocks the line of 

sight constitutes an edge  that will cause 

diffraction loss and also introduces a virtual hop 

in the link.  Each virtual  hop has an edge that  

causes diffraction.  In Figure 1, there are three 

virtual hops, namely ; 

i. Hop1 :  H0 -H1 -H2   with H1 -H2  as the 

diffraction edge 

ii. Hop2 :  H1 - H2   - H3  with H2  as the 

diffraction edge 

iii. Hop3 :  H2   -H3   -H4   with H3  as the 

diffraction edge 
 

Consider hop 1 in Figure 1, the clearance height ,  

h1 is given in Equation 3, 

h1 = H1 − H1  (3) 

Where H1´ is the hop 1 line of sight (H0 To H2) 

height at  a distance of d1 from H0.  H1is given 

by similar traingle as shown in Equation 4 and 5, 
H′1´−H0

d1
=

H2−H0

d1+d2
  (4) 

H′1 =
d1(H2−H0)

d1+d2
+  H0      (5) 

Hence, the clearance height is given in Equation 

6, 

 h1 = H1 −  H0 − (
d1(H2−H0)

d1+d2
)  (6) 

http://www.jmest.org/
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Similarly, for hop2, the clearance height is given 

in Equation 7, 

 

 h2 = H2 −  H1 − (
d2(H3−H1)

d2+d3
)  (7) 

Generally, for any given hop j, the clearance 

height to its LOS is given as h𝑗  shwon in 

Equation 8 where; 

h𝑗 = h𝐸𝑝𝑠𝑡𝑒𝑖𝑛(𝑗) = H𝑗 − H𝑗−1 − (
d𝑗(H𝑗+1 −H𝑗−1)

d𝑗+d𝑗+1
) (8) 

The knife-edge diffraction parameter for any hop 

j is   given as vj in Equation 9 where; 

v𝑗 = h𝐸𝑝𝑠𝑡𝑒𝑖𝑛(𝑗)√
2(d𝑗+d𝑗+1)

𝜆(d𝑗)(d𝑗+1)
  (9) 

According to ITU (Rec 526-13, 2011) [25] the 

knife-edge diffraction loss, A for any given 

diffraction parameter, v is given in Equation 10, 

A = 6.9 + 20Log ((√(𝑣 − 0.1)2 + 1) + 𝑣 − 0.1)  (10) 

where A is  in dB 

Then, in respect of knife-edge diffraction loss for 

any hop j with diffraction parameter,vj, the knife-

edge diffraction loss  is denoted  as Aj , where 

ITU approximation model for Aj is given as 

shown in Equation 11, 

Aj = 6.9 + 20Log ((√(vj − 0.1)
2

+ 1) + vj − 0.1)(11) 

whereAj   is  i.  A case study of 10 knife edge 

obstructions spread at a distance of 36 kilometers 

between the transmitter and the receiver was 

utilized. Using Epstein- Peterson method, it was 

observed that the highest diffraction loss occurred 

at hop 1(9.5811581dB), 1 kilometer from the 

transmitter, with diffraction parameter of 

0.33333333. 

As regards refractivity gradient, Adediji 

and Ajewole [26] carried out an investigation on 

the vertical profile of radio refractivity gradient in 

Akure South-West Nigeria. Measurement of 

pressure, temperature and relative humility were 

made in Akure (7.15°N, 5.12°E), South Western 

Nigeria. Wireless weather stations (integrated 

sensor suite, ISS) were positioned at five different 

height levels beginning from the ground surface 

and at interval of 50m from the ground to a height 

of 200m(0,50,100,150 and 200m) on a 220m 

Nigeria Television Authority TV tower. The 

study utilized data of the first year of the 

measurement to compute the refractivity gradient 

using Equation 12, 

𝑁 = 77.6 
𝑃

𝑇
+  3.73 × 105 𝑒

𝑇2 (12) 

Where P =atmospheric pressure (hpa), e = water 

vapour pressure (hpa) and T = absolute 

temperature in Kelvin. Water vapour pressure is 

evaluated using Equation 13, 

𝑒 = 𝐻 ×
6.1121 𝑒𝑥𝑝(

17.502𝑡

𝑡+240.97
)

100
 (13) 

Where H = relative humility (%), t = temperature 

in Celsius. From the refractivity, its refractivity 

gradient was the computed. From the given 

parameters, the vertical distributions of the radio 

refractivity was then determined.  

 

III. METHODOLOGY 

In this paper, an approach to determine 

the multiple knife edge diffraction loss as a 

fuction of the refractivity gradient based on the 

Epstein-Peterson method along with ITU knife 

edge approximation model is presented. First, 

analytical expressions for the determination of the 

obstacle height using Fresnel path profile 

geometry are presented. The earth buldge and 

effective height of obstruction  are then modeled 

in terms of refractivity gradient. Then, for a 

reference refractivity gradient, 𝛥𝑜 = 4/3 , the 

multple knife edge diffraction geometry and n-

knife edge diffraction loss analytical expressions 

are presented based on the Epstein-Peterson 

method. Also, the multple knife edge diffraction 

are modeled in terms of operating refractivity 

gradient, 𝛥𝑖 . The modified ITU knife edge 

approximation model is presented. A case study 

consisting of 10 knife edge obstruction is 

presented.  

  

Figure 2 shows the Fresnel geometry for 

the path profile to be used in the knife edge 

diffracion loss calulation.  In Figure 2,d𝑡(𝑥)  is the 

distance of location x from the transmitter and  

d𝑟(𝑥)  is the distance of location x from the 

reciever . Let  d be the distance between the 

transmitter and the reciever , where d = d𝑡(𝑥) + 

d𝑟(𝑥) . Also, h𝑚𝑡  is the height of the transmitter 

antenna mastt; h𝑚𝑟 is the height  of the receiver 

antenna mast; h𝑒𝑏(𝑥) is earth bulge at location x; 

h𝑒𝑙(𝑥) is the elevation at location x and h𝑜𝑏(𝑥) is 

obstruction height at location x, where Nx is the 

maximum number of elevation points between 

the transmitter and the receiver and x = 

1,2,3,,…,Nx. 

 

 

http://www.jmest.org/
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Figure 2: The Fresnel geometry for knife edge dffracion loss calulation 

Let H𝑜𝑏(𝑥)  be the overal height of the obstruction 

from the refrence baseline, as shown in Equation 

14,  

 H𝑜𝑏(𝑥)= h𝑒𝑏(𝑥) + h𝑒𝑙(𝑥)+ h𝑜𝑏(𝑥) (14) 

Let H𝑡  in Equation 15 be the overal height of the 

transmitter antenna from the refrence baseline 

and h𝑒𝑙𝑡 is elevation at the transmitter , then;  

H𝑡 =    h𝑚𝑡  + h𝑒𝑙𝑡  (15) 

Let  H𝑟 in Equation 16 be the overal height of the 

receiver antenna from the refrence baseline  and 

h𝑒𝑙𝑟  is elevation at the reciever, then ; 

H𝑟 =     h𝑚𝑟 + h𝑒𝑙𝑟  (16) 

 

H(𝑥)  in Equation 17 is the  height of the  line of 

sight at location x.H(𝑥)   is given as ; 

 H(𝑥)  =   H𝑡 + 
d𝑡(𝑥)(H𝑡−H𝑟)

𝑑
  (17) 

In the situation where H𝑡 = H𝑟 , then H(𝑥)  =

  H𝑡 = H𝑟 . 

 

The earth bulge which is the height an obstruction 

is raised higher in elevation (into the path) owing 

to earth curvature is express in Equation 18, 

𝐻𝑒𝑏(𝑥) =
(𝑑𝑡(𝑥))(𝑑𝑟(𝑥))

12.75∗𝐾
  (18) 

where 𝐻𝑒𝑏(𝑥) is the height (in meters) of the earth 

bulge at location x between the transmitter and 

the receiver, 𝑑𝑡(𝑥)= distance in kilometers from 

location x to the transmitter antenna, 𝑑𝑟(𝑥)  = 

distance in kilometers from location x to the 

receiver antenna, 𝐻𝑒𝑏𝑡  is the height (in meters) of 

the earth bulge at the transmitter mast location, 

𝐻𝑒𝑏𝑟 is the height (in meters) of the earth bulge at 

the receiver mast location. At the transmitter,   

𝑑𝑡(𝑥) = 0, hence, in Equation 19, 

 𝐻𝑒𝑏𝑡 = 𝐻𝑒𝑏(0) =  
(0)(𝑑𝑟(𝑥))

12.75∗𝐾
=  0 (19) 

Similarly, at the receiver,  𝑑𝑟(𝑥) = 0, hence,  in 

Equation 20, 

𝐻𝑒𝑏𝑡 = 𝐻𝑒𝑏(𝑁𝑥+1) =  
(𝑑𝑡(𝑥))(0)

12.75∗𝐾
=  0  (20) 

In essence, at the transmitter and the receiver, the 

earth bulge is zero. For LoS point-to-point links 

design K-factor of 4/3 is often used. The 

refractivity gradient in the atmosphere which is a 

function of height and radio refractivity is 

expressed in Equation 21, 
dN

 dh
= ∆=

N2−N1

h2−h1
  (21) 

The effective earth radius factor (k-factor) is 

determined by Equation 22, 

 K =
157

157+∆
   (22) 

So, 𝐻𝑒𝑏(𝑥) is expressed in Equation 23 as, 

 

 

 𝐻𝑒𝑏(𝑥) =
(𝑑𝑡(𝑥))(𝑑𝑟(𝑥))

12.75(
157

157+∆
)

=  
(𝑑𝑡(𝑥))(𝑑𝑟(𝑥))(157+∆)

12.75 (157)
=

(
(𝑑𝑡(𝑥))(𝑑𝑟(𝑥))(157+∆)

2001.75
)   (23) 

Let the  reference refractivity gradient (4/3) be 

denoted as 𝛥𝑜  and the operating refractivity 

gradient be denoted as  𝛥𝑖 .  Then,  𝐻𝑒𝑏(𝑥,𝛥𝑜)  in 

Equation 24 is given by; 

𝐻𝑒𝑏(𝑥,𝛥𝑜) =  (
(𝑑𝑡(𝑥))(𝑑𝑟(𝑥))(157+𝛥𝑜)

2001.75
)  (24) 

http://www.jmest.org/
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𝐻𝑒𝑏(𝑥) with respect to operating 

refractivity gradient is given in  Equation 

32, 

𝐻𝑒𝑏(𝑥,𝛥𝑖) =  (
(𝑑𝑡(𝑥))(𝑑𝑟(𝑥))(157+𝛥𝑖)

2001.75
)  (25) 

The difference shown in Equation 26, 

𝐻𝑒𝑏(𝑥,𝛥𝑖) − 𝐻𝑒𝑏(𝑥,𝛥𝑜) (
(𝑑𝑡(𝑥))(𝑑𝑟(𝑥))

2001.75
) (𝛥𝑖 − 𝛥𝑜) (26) 

𝐻𝑒𝑏(𝑥,𝛥𝑖) with respect to reference refractivity 

gradient is shown in Equation 27, 

 𝐻𝑒𝑏(𝑥,𝛥𝑖) = 𝐻𝑒𝑏(𝑥,𝛥𝑜) +  (
(𝑑𝑡(𝑥))(𝑑𝑟(𝑥))

2001.75
) (𝛥𝑖 − 𝛥𝑜)  (27) 

 

LetH𝑟𝑓 denote the height of the reference line for 

the determination of the effective obstruction 

height. In practice, the transmitter height and the 

receiver height are considered and the lower of 

the two is used as the reference line for the 

determination of the effective obstruction height. 

Also, the elevation at the transmitter is helt =
hel(0) and that of the receiver is helr = hel(N+1). 

The effective obstruction height is Hn where n = 

0 at the transmitter and n = N+1 at the receiver. In 

that case, as shown in Equation 28, 

H𝑟𝑓 = minimum ((h𝑒𝑙(0) + 𝐻𝑒𝑏(0) +

 h𝑜𝑏𝑠𝑡(0)), (h𝑒𝑙(𝑁+1) + 𝐻𝑒𝑏(𝑁+10) +  h𝑜𝑏𝑠𝑡(𝑁+1)))

    (28) 

Then, H𝑛 is expressed in Equation 29, 

H𝑛 =  (h𝑒𝑙(𝑛) + 𝐻𝑒𝑏(𝑛) +

 h𝑜𝑏𝑠𝑡(𝑛)) − H𝑟𝑓for n = 1 to N 

 (29) 

 

IV RESULTS AND DISCUSSIONS 

A.   Numerical Example   

The schematic diagram of the 10-knife edge 

obstructions used for the numerical example in 

the study is shown in Figure 3. In Figure 3, 𝐻𝑖is 

the height of the knife edge obstruction i  where 

i is  0, 1,2,3N+1 and N is the number of knife 

edge obstructions in the link. Also, ℎ𝑖   is the 

clearance height for the knife edge obstruction 

in the virtual hop j, where j is  1,2,3,…,N. in the 

numerical examples in this study, N =10. 

 
Figure 3: Schematic diagram of the 10-knife edge obstructions used in the study. 

 

B. Results of the Numerical Example for Epstein-Peterson Method at the Reference  Refractivity 

gradient of 4/3 or 1.33333 

The dataset for the 10-knife edge obstructions and the clearance heights,ℎ𝑖computed for each of the 10 

knife edge obstructions using the Epstein-Peterson method are shown in Table 1.The obstruction heights 

of the 10-knife edge obstructions used in the Epstein-Peterson method are shown in Figure 4 while the 

variation of LoS clearance heights (m) and the distance between the obstruction are shown in Figure 5. 

Figure 6 shows the variation of line of sight(Los) clearance height, hi and diffraction parameter computed 

by Epstein-Peterson methods. 

http://www.jmest.org/
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Table 1: The dataset for the 10-knife edge obstructions and the clearance heights,𝒉𝒊 and diffraction parameter 

computed by Epstein-Peterson method for each of the 10 knife edge obstructions. 

 

 
Figure 4: The obstruction height of the 10-knife edge obstructions used in the Epstein-Peterson 

method 
 

 
Figure 5: The clearance height computed by Epstein-Peterson method for the 10 virtual hops. 
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Distance , dn 

(km) 

Effective Knife 
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Height, Hn 

LOS Clearance  

Height, hn  (m) 
Diffraction Parameter, V 

Diffraction 

Loss, G(dB) 

d0 0  H0 0          

d1 1 H1 8 h1 3.333333 v1 0.333333 9.5811581 

d2 2 H2 14 h2 1.200000 v2 0.089443 7.6850703 

d3 3 H3 20 h3 0.857143 v3 0.053452 7.4052682 

d4 4 H4 26 h4 0.666667 v4 0.036515 7.2735911 

d5 5 H5 32 h5 1.909091 v5 0.094388 7.7235164 

d6 6 H6 35 h6 5.727273 v6 0.283164 9.1911243 

d7 5 H7 27 h7 1.444444 v7 0.079115 7.6047828 

d8 4 H8 8 h8 0.714860 v8 0.044544 7.3360089 

d9 3 H9 0 h9 0.400000 v9 0.029814 7.2214984 

d10 2 H10 4 h10 0.666667 v10 0.066667 7.5080016 

d11 1 H11 0       

Total Diffraction  Loss, 
G(dB) 

78.53 

d 36 

F=1GHz

  

 λ=0.3 

m 
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Figure 6: LoS clearance height, hi and diffraction parameter, vi computed by Epstein-Peterson 

method for the 10 virtual hops 

 

The results show that the maximum LOS 

clearance height, hn is 5.727272727 m and it 

occurred at a distance of 21 km from the 

transmitter. Also, the minimum LOS clearance 

height is 0.4 m and it occurred at a distance of 33 

km from the transmitter. On the other hand, the 

results also show that the maximum diffraction 

parameter, V  is  0.333333333 and it occurred at a 

distance of 1 km from the transmitter. In addition, 

the minimum diffraction parameter is 

0.02981424and it occurred at a distance of 33 km 

from the transmitter. In essence, the maximum LOS 

clearance height does not correspond to the maximum 

diffraction parameter. This shows that for the multiple knife 

edge diffraction loss, the diffraction parameter depends not 

only on the LOS clearance height, but also on the distance 

from the knife edge obstruction to the transmitter and the 

receiver. In all, the total diffraction loss caused by the 

10knife edge obstructions in the communication link  is 

78.53dB. 

 

V. CONCLUSION 

An approach for using Epstein-Peterson method for the 

computation of N-knife edge diffraction loss as a function 

of refractivity gradient is presented. The relevant 

mathematical expression is presented and then a 10-knife 

edge obstructions were used for a numerical example for 

the application of the procedure presented in this paper.  

   

REFERENCES 

[1] Zhong, Z. D., Ai, B., Zhu, G., Wu, H., Xiong, L., Wang, 

F. G., ... & He, R. S. (2018). Radio Propagation and 

Wireless Channel for Railway Communications. 

In Dedicated Mobile Communications for High-speed 

Railway (pp. 57-123). Springer, Berlin, Heidelberg. 

[2] Berhanu, T. (2018). Planning Efficient Microwave Link 

for EBC (Main Studio) (Doctoral dissertation, AAU). 

[3] Hufford, G. A., Longley, A. G., & Kissick, W. A. 

(1982). A guide to the use of the ITS irregular terrain 

3.333333333 

1, 0.333333333 

0.02981424 

-0.05

0.05

0.15

0.25

0.35

0.45

0.55

0

1

2

3

4

5

6

0 10 20 30 40

L
O

S
 C

le
a

n
ra

n
ce

 H
e

ig
h

t 
(m

) 

Distance From The Transmitter 

hi Vi

D
if

fr
a

ct
io

n
 P

a
ra

m
e

te
r 

http://www.jmest.org/


Journal of Multidisciplinary Engineering Science and Technology (JMEST) 

ISSN: 2458-9403 

Vol. 6 Issue 9, September - 2019 

www.jmest.org 

JMESTN42353171 10969 

model in the area prediction mode. US Department of 

Commerce, National Telecommunications and Information 

Administration. 

[4] Gifford, I. C. (2018). 8 Wireless Personal Area Network 

Communications, an Application Overview. RF and 

Microwave Applications and Systems. 

 [5] Gupta, M. S. (2018, September). Physical Channel 

Models for Emerging Wireless Communication Systems. 

In 2018 XXIIIrd International Seminar/Workshop on Direct 

and Inverse Problems of Electromagnetic and Acoustic 

Wave Theory (DIPED) (pp. 255-260). IEEE. 

[6] Riahi, S., & Riahi, A. (2018, July). Analytical Study of 

the Performance of Communication Systems in the 

Presence of Fading. In International Conference on 

Advanced Intelligent Systems for Sustainable 

Development (pp. 118-134). Springer, Cham. 

[7] Fadzilla, M. A., Harun, A., & Shahriman, A. B. (2018, 

August). Wireless Signal Propagation Study in an 

Experiment Building for Optimized Wireless Asset 

Tracking System Development. In 2018 International 

Conference on Computational Approach in Smart Systems 

Design and Applications (ICASSDA) (pp. 1-5). IEEE. 

[8] Fadzilla, M. A., Harun, A., & Shahriman, A. B. (2018, 

August). Wireless Signal Propagation Study in an 

Experiment Building for Optimized Wireless Asset 

Tracking System Development. In 2018 International 

Conference on Computational Approach in Smart Systems 

Design and Applications (ICASSDA) (pp. 1-5). IEEE. 

[9] Sobetwa, M., & Sokoya, O. (2019, April). Measurement 

Analysis of Indoor Parameters for an Indoor Wireless 

Propagation. In 2019 International Conference on Wireless 

Technologies, Embedded and Intelligent Systems 

(WITS) (pp. 1-6). IEEE. 

[10] Surugiu, M. C., Gheorghiu, R. A., & Petrescu, L. 

(2018, June). Signal propagation analysis for vehicle 

communications through tunnels. In 2018 10th 

International Conference on Electronics, Computers and 

Artificial Intelligence (ECAI) (pp. 1-6). IEEE. 

 [11]Teng, E., Falcão, J. D., & Iannucci, B. (2017, June). 

Holes-in-the-Sky: A field study on cellular-connected UAS. 

In 2017 International Conference on Unmanned Aircraft 

Systems (ICUAS) (pp. 1165-1174). IEEE. 

[12] Brummer, A., Deinlein, T., Hielscher, K. S., German, 

R., & Djanatliev, A. (2018, December). Measurement-

Based Evaluation of Environmental Diffraction Modeling 

for 3D Vehicle-to-X Simulation. In 2018 IEEE Vehicular 

Networking Conference (VNC) (pp. 1-8). IEEE. 

[13]Brown, T. W., & Khalily, M. (2018). Integrated Shield 

Edge Diffraction Model for Narrow Obstructing 

Objects. IEEE Transactions on Antennas and 

Propagation, 66(12), 6588-6595. 

[14] da Costa, F. M., Ramirez, L. A. R., & Dias, M. H. C. 

(2018). Analysis of ITU-R VHF/UHF propagation 

prediction methods performance on irregular terrains 

covered by forest. IET Microwaves, Antennas & 

Propagation, 12(8), 1450-1455. 

[15] Abdulrasool, A. S., Aziz, J. S., & Abou-Loukh, S. J. 

(2017). Calculation algorithm for diffraction losses of 

multiple obstacles based on Epstein–Peterson 

approach. International Journal of Antennas and 

Propagation, 2017. 

[16] Ratnayake, N. L., Ziri-Castro, K., Suzuki, H., & 

Jayalath, D. (2011, January). Deterministic diffraction loss 

modelling for novel broadband communication in rural 

environments. In 2011 Australian Communications Theory 

Workshop (pp. 49-54). IEEE. 

[17] Emmanuel, I., & Adeyemi, B. (2016). Statistical 

Investigation of Clear Air Propagation in the Coastal and 

Plateau Regions of Nigeria. Progress In Electromagnetics 

Research, 64, 37-41. 

[18] Mangum, J. G., & Wallace, P. (2015). Atmospheric 

refractive electromagnetic wave bending and propagation 

delay. Publications of the Astronomical Society of the 

Pacific, 127(947), 74. 

[19] Grabner, M., Pechac, P., & Valtr, P. (2017). On 

horizontal distribution of vertical gradient of atmospheric 

refractivity. Atmospheric Science Letters, 18(7), 294-299. 

[20] Chukwunike, O. C., & Chinelo, I. U. THE 

INVESTIGATION OF THE VERTICAL SURFACE 

RADIO REFRACTIVITY GRADIENT IN AWKA, 

SOUTH EASTERN NIGERIA. 

[22] Ezenugu, I. A., Edokpolor, H. O., & Chikwado, U. 

(2017). Determination of single knife edge equivalent 

parameters for double knife edge diffraction loss by 

Deygout method. Mathematical and Software 

Engineering, 3(2), 201-208. 

[23]DeMinco, N., & McKenna, P. (2008). A comparative 

analysis of multiple knife-edge diffraction methods. Proc. 

ISART/ClimDiff, 65-69. 

[25]Brown, T. W., & Khalily, M. (2018). Integrated Shield 

Edge Diffraction Model for Narrow Obstructing 

Objects. IEEE Transactions on Antennas and 

Propagation, 66(12), 6588-6595. 

 [21]Adams (2017).Remodeling and Parametric Analysis 

of Multiple Knife Edge DiffractionLoss Models. MEng 

Dissertations. University of Uyo, Nigeria, pp 47-55. 

 

[25] Series, P. (2013). Propagation by diffraction.  

[26] Adediji, A. T. and Ajewole, M. O. (2008).Vertical 

Profile of Radio Refractivity Gradient in Akure South West 

Nigeria. American Journal of atmosphere and solar 

Terrestrial Physics.10 (2):21-28. 

 

  

 

http://www.jmest.org/

