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Abstract: In this paper, remodeling of Lee’s piecewise knife diffraction loss model is presented. The original Lee’s piecewise 

knife diffraction loss model is expressed as a function of Fresnel-Kirchoff diffraction parameter. The computation of the 

Fresnel-Kirchoff diffraction parameter requires detailed terrain and link parameters. However, for quick link planning the 

Fresnel-Kirchoff diffraction parameter can be computed from the knowledge of the line of site percentage clearance alone. 

Moreover, in line of site link design, the required or acceptable obstruction clearance is specified in terms of line of site 

percentage clearance. Consequently, in this paper, the Lee’s model is remodeled into new piecewise functions that are entirely 

functions of line of site percentage clearance. The new version of Lee’s model is validated with the results of knife edge 

diffraction loss obtained from the original Lee’s piecewise knife diffraction loss model. With the new model it is easier to 

determine the diffraction loss that will be caused by any obstruction at a given line of site percentage clearance. 

Keywords: Diffraction Parameter, Diffraction Loss, Lee’s Diffraction Loss Model, Line of Site Communication,  
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1. Introduction 

Diffraction is the bending of a wave around the edges of an 

opening or an obstacle [1]. Diffraction occurs when a wave 

encounters an object in its path or when the wave is forced 

through a small opening. The loss that occurs due to the 

obstacle in the path of the signal is known as “diffraction loss” 

[2]. The concept of diffraction is explained by the 

Huygens-Fresnel principle which states that each point on a 

wavefront acts as a point source [3-5]. This means that even if 

the direct path between the transmitter and receiver is blocked, 

some energy can reach the receiver from the portions of space 

that are visible to both the transmitter and receiver. 

In order to estimate the losses caused by an obstacle in the 

signal path, it is usually assumed that the obstacle is a single 

knife-edge of negligible thickness or a thick smooth obstacle 

with a well-defined radius of curvature at the top [6], [7]. 

Where more than one obstacles are involved, then the 

obstacles are treated as multiple knife edge. In both cases, 

Fresnel zones are used by propagation theory to calculate 

diffraction loss caused by obstruction located between the 

transmitter and receiver [8], [9]. The Fresnel zone in this case 

defines the cylindrical ellipsoidal path actually occupied by 

the signal as it propagates from the transmitter to the receiver. 

Fresnel zones are numbered starting from one and there is 

infinite number of Fresnel zones. The more the number of 

Fresnel zones obstructed, the higher the diffraction loss due to 

the obstruction. However, only the first 3 Fresnel zones have 

any real effect on radio propagation.  

Presently, determination of single knife edge diffraction 

loss requires the computation of obstruction clearance height, 

radius of the Fresnel zone and the diffraction loss. The several 

steps or levels of computations required can be significantly 

reduced if the percentage clearance is used rather than the 

clearance height. Also, determination of the diffraction 

parameters for different values of percentage clearance and 

frequency can be simplified by using percentage clearance 

scaling factor and frequency scaling factor. 
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Furthermore, in most literatures studied, Lee’s piecewise 

function approximation of the graphical diffraction loss model is 

mostly used in knife edge diffraction loss computation. The Lee’s 

model is given a function of Fresnel-Kirchoff diffraction 

parameter. However, due to the simplicity of using the line of site 

percentage clearance, in this paper the piecewise functions in the 

Lee’s model are express in terms of LOS percentage clearance of 

Fresnel zone 1. The new version of Lee’s model is compared 

with the diffraction loss computed from the original Lee’s model. 

2. Theoretical Background 

Lee developed piecewise model for estimating knife edge 

diffraction loss [9-11]. The Lee’s model defined the estimation 

of knife edge diffraction loss G(dB) in terms of 

Fresnel-Kirchoff diffraction parameter, V as follows: 
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The Fresnel-Kirchoff diffraction parameter (�  at any given 

location between the transmitter and the receiver is given as 

[12-15]; 

�	 	= ℎ 12% ��3
��4
&ʎ��3
��4
 6                (2) 

Where ℎ  is effective obstruction clearance height which is the 

height (in meters) from the tip of the obstruction to the line of 

site. λ is the wavelength of the radio wave in metres  

Also, the radius of the nth Fresnel zone (r�7
) is given as [16-20]; 

r�8
 = 289ʎ��3
��4
: ��3
��4
	&                   (3) 

where �;	 is the distance of location from the transmitter  �<	 is the distance of location from the receiver  

n is the nth Fresnel zone 

λ is the wavelength of the radio wave in metres where; 

	ʎ = =>	                        (4) 

where, c is the speed of a radio wave (c	 = 3x10@A/C); 

f is frequency of the radio wave in Hz. 

Let D=�8
 be the percentage LOS clearance for Fresnel zone 

n and let ℎ�E=�8

 be the clearance height corresponding to the 

percentage clearance D=�8
. Then,  

	ℎ�E=�8

= 
FG�H
	I((  r�8
&                (5) 

In terms of D=�8
,  the Fresnel-Kirchoff diffraction 

parameter V can be represented as (��E=�8
) and it is given 

from Eq 2, Eq 3 and Eq 5 as; 
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Accordingly, the Lee’s approximation for single knife edge 

diffraction loss, G���	
  as a function of ��E=�8
  is given 

from Eq 1 and Eq 6 as; 
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When the first Fresnel zone is considered, n =1, then D=�8
 = D=�I
; 
��E=�I
 	= K √%&FG�P
	I(( M = ' FG�Q,P
R(.RI(ST+          (9) 

D=�I
 	=  *�Q,NG
&	I((√% 	= 	70.71068	 ��E=�I
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If V = 1, then,  

D=�I
 	= 	70.71068	�1
 = 	70.71068	%       (11) 

If V = -1, then,  

D=�I
 	= 	70.71068	�−1
 = 	−70.71068	%      (12) 

The values of the diffraction parameter, ��E=�I
  at the 

breakpoints and the corresponding values of LOS percentage 

clearance, D=�8
 are given in Table 1. 
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Table 1. The values of the diffraction parameter, ��E=�I
at the breakpoints and 

the corresponding values of LOS percentage clearance, WX�Y
. Z�[X�Y
  WX�Y
	�%
  

-1 -70.71068 
0 0 

1 70.71068 

2.4 169.7056 

From Table 1, Eq 8 and Eq 9, Lee’s approximation for 

single knife edge diffraction loss, G���	
 as a function of 

LOS percentage clearance, D=�I
	is given as; 
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3. Results and Discussion 

Numerical computation of the diffraction loss with respect to 

diffraction parameter and percentage clearance in two different 

ranges are performed. Table 2 shows the results of the 

computation of diffraction loss for percentage clearance of 100% 

to -100%. In this paper, negative percentage clearance means 

that the tip of the obstruction is below the line of sight. 

Conversely, positive percentage clearance means that the tip of 

the obstruction is above the line of sight. Zero percentage 

clearance (0%) means that the tip of the obstruction is on the 

line of sight.  

First, for every value of diffraction parameter, ��E=�I

 the 

corresponding percentage clearance, 	D=�I
  is computed 

using D=�I
 	=  *�NG�P

&	I((√% .  In this case, the percentage 

clearance is with respect to Fresnel zone 1. Afterwards, the 

diffraction loss is computed using the diffraction parameter, ��E=�I

 and then the diffraction loss is computed using the 

corresponding percentage clearance, D=�I
. In Table 2, GdB 

(��E=�I

) is the diffraction loss computed from the diffraction 

parameter, ��E=�I

  whereas GdB (,	D=�I
) is the diffraction 

loss computed from the percentage clearance, 	D=�I
. Table 2 

shows that the two approaches give the same result (root mean 

square error is zero). Notably, at ��E=�I

 	= 0, also, D=�I
	= 0 

and the diffraction loss obtained in both cases is GdB (��E=�I

) 
= GdB(D=�I
) = - 6.0206. 

Table 2. Diffraction Loss Computed With Diffraction Parameter and With Respect To Percentage Clearance In The Range Of 100% To -100%. 

S/N 
Diffraction 

Parameter, Z�h,[X
 
LOS Percentage 

Clearance, WX�i
 
GdB (Z�[X�Y


 Diffraction Loss 

Computed from Z�h,[X
 
GdB (WX�i
) Diffraction Loss 

Computed from WX�i
 
Error: GdB (Z�h,[X
) – 

GdB (WX�i
) 
Square 

Error 

1 1.414214 100 -16.3604 -16.3604 0.0000 0 

2 1.272792 90 -15.5728 -15.5728 0.0000 0 

3 1.131371 80 -14.7614 -14.7614 0.0000 0 

4 0.989949 70 -14.1893 -14.1893 0.0000 0 

5 0.848528 60 -13.0223 -13.0223 0.0000 0 

6 0.707107 50 -11.8554 -11.8554 0.0000 0 

7 0.565685 40 -10.6884 -10.6884 0.0000 0 

8 0.424264 30 -9.52146 -9.52145 0.0000 1E-10 

9 0.282843 20 -8.3545 -8.35451 0.0000 1E-10 

10 0.141421 10 -7.18755 -7.18755 0.0000 0 

11 0 0 -6.0206 -6.0206 0.0000 0 
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S/N 
Diffraction 

Parameter, Z�h,[X
 
LOS Percentage 

Clearance, WX�i
 
GdB (Z�[X�Y


 Diffraction Loss 

Computed from Z�h,[X
 
GdB (WX�i
) Diffraction Loss 

Computed from WX�i
 
Error: GdB (Z�h,[X
) – 

GdB (WX�i
) 
Square 

Error 

12 -0.14142 -10 -4.61716 -4.61718 0.0000 4E-10 

13 -0.28284 -20 -3.40926 -3.40928 0.0000 4E-10 

14 -0.42426 -30 -2.34901 -2.34904 0.0000 9E-10 

15 -0.56569 -40 -1.40422 -1.40419 0.0000 9E-10 

16 -0.70711 -50 -0.55218 -0.55216 0.0000 4E-10 

17 -0.84853 -60 0.223687 0.223697 0.0000 1E-10 

18 -0.98995 -70 0.9359 0.935903 0.0000 9E-12 

19 -1.13137 -80 0 0 0.0000 0 

20 -1.27279 -90 0 0 0.0000 0 

21 -1.41421 -100 0 0 0.0000 0 

     
RMSE 0.0000 

In the original Lee’s piecewise diffraction model, there are five functions that are used for different range of values of 

diffraction parameter, ��E=�I
. Table 2 result does not have result for occasion when ��E=�I
 > 2.4. As such, Table 3 is used to 

show results for large values of ��E=�I
. Again, Table 3 shows that the two approaches give the same result (root mean square 

error is zero).  

Table 3. Diffraction Loss Computed With Diffraction Parameter and With Percentage Clearance In The range of 707% To -707%. 

S/N 
Diffraction 

Parameter, Z�[X�Y
 
LOS Percentage 

Clearance, WX�i
 
GdB (Z�[X�Y

 Diffraction 

Loss Computed from Z�[X�Y
 
GdB (WX�h,i
) Diffraction 

Loss Computed from WX�i
 
Error: GdB 

(Z�[X�Y
-) GdB (WX�i
) Square 

Error 

1 10 707.1 -32.96 -32.96 0.00 0.00 

2 9 636.4 -32.04 -32.04 0.00 0.00 

3 8 565.7 -31.02 -31.02 0.00 0.00 

4 7 495 -29.86 -29.86 0.00 0.00 

5 6 424.3 -28.52 -28.52 0.00 0.00 

6 5 353.6 -26.94 -26.94 0.00 0.00 

7 4 282.8 -25.00 -25.00 0.00 0.00 

8 3 212.1 -22.50 -22.50 0.00 0.00 

9 2 141.4 -19.43 -19.43 0.00 0.00 

10 1 70.7 -14.27 -14.27 0.00 0.00 

11 0 0 -6.02 -6.02 0.00 0.00 

12 -1 -70.7 0.98 0.98 0.00 0.00 

13 -2 -141.4 0.00 0.00 0.00 0.00 

14 -3 -212.1 0.00 0.00 0.00 0.00 

15 -4 -282.8 0.00 0.00 0.00 0.00 

16 -5 -353.6 0.00 0.00 0.00 0.00 

17 -6 -424.3 0.00 0.00 0.00 0.00 

18 -7 -495 0.00 0.00 0.00 0.00 

19 -8 -565.7 0.00 0.00 0.00 0.00 

20 -9 -636.4 0.00 0.00 0.00 0.00 

21 -10 -707.1 0.00 0.00 0.00 0.00 

     
RMSE 0.00 

 

4. Conclusion 

The remodeling of Lee’s piecewise knife diffraction loss 

model is presented. Original Lee’s piecewise knife diffraction 

loss model is expressed as a function of Fresnel-Kirchoff 

diffraction parameter. However, in this paper, the Lee’s model 

is expressed as a function of line of site percentage clearance. 

The new version of Lee’s model is validated with the results of 

knife edge diffraction loss obtained from the original Lee’s 

piecewise knife diffraction loss model and the new model 

presented in this paper.  
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