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ABSTRACT 

Prediction of path loss is an important requirement for 

the effective design, assessment and installation of the 

wireless communication system. A complex 

environment with obstacles may attenuate the 

electromagnetic waves. When the Electromagnetic 

waves propagate around the obstacle, there will be 

high attenuation through the obstacle. In this paper, 

the experiments are conducted by using the Rohde & 

Schwarz SMBV100A Vector Signal Generator as the 

transmitter and Rohde & Schwarz EMI ESL Test 

Receiver as receiver and two patch antennas for 

collecting received signal strength (RSSI). After that, 

the measurement results are analyzed with respect to 

the Fresnel diffraction parameter () and diffraction 

angle () and compared with theoretical predictions 

based on the Knife-Edge-Diffraction (KED) model and 

proposed model. The measurement results are higher 

than the theoretical (KED) predicted results by a 

difference vary from 6 dB to 20 dB. But the lowest 

difference between measurement and theoretical 

(proposed) is 2 dB and the highest difference is 20 dB. 

Therefore proposed model is more accurate than KED 

model. According to the comparison results, KED and 

proposed models can predict more approximately 

when transceivers are at obstructed region. 

Keywords: Building corner, Diffraction, Knife 

Edge, Path Loss, 2.4 GHz 

1. INTRODUCTION 

In the wireless communication systems, an 

understanding of radio propagation is necessary for 

appropriate design, deployment, and management 

strategies for any wireless network [1]. Several 

different types of propagation are used in practical 

radio transmission systems. Propagation of radio 

waves affects the quality of the transmission, the area 

of coverage and the maximum data rate achievable 

within that area [2]. Propagation models are used for 

predicting signal attenuation or path loss which may be 

used as a controlling factor for system performance or 

coverage to achieve perfect reception. Path loss is one 

of the major components used in link budgeting to 

determine the expected received signal strength of the 

wireless communication system. Path loss can be 

caused by many effects, such as free-space loss, 

refraction, diffraction, reflection, scattering, and 

absorption. Diffraction is the bending of radio waves 

around obstacles in the path of the waves. It occurs 

when the Line-of-Sight (LOS) path is blocked by an 

obstruction such as building corner that is large 

compared to the wavelength of the radio wave. 

Diffraction allows radio signals to propagate around 

the curved surface of the earth, beyond the horizon, 

and behind obstructions. When the phenomenon of 

diffraction takes place, the received signal can be 

severely attenuated especially only a small change in 

the antenna position may change the diffraction loss 

significantly. In order to get good result for prediction, 

the RF diffraction should be taken into consideration. 

This paper is organized as follows: the related work of 

the diffraction loss prediction model is described in 

section 2. In section 3 path loss, the KED model and 

proposed model used in this paper are described.  In 

section 4, the experimental region of proposed system 

is described. Next, the results and conclusion are 

described in section 5 and 6. 

2. RELATED WORKS 

Sijia Deng presented diffraction measurements, 

analysis, and signal strength prediction models around 

objects such as corners, pillars, and irregular objects, at 

10, 20, and 26 GHz. The measurement results are 

compared with theoretical predictions based on the 

KED model. The KED model is shown to work well 

for indoor environments, and an empirical linear model 

with a fixed reference point is also presented and 

provides a better fit to the measured data around 

rounded corners in outdoor environment [3]. 
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In 2015, Ainor Khaliah Mohd Isa, Andrew Nix and 

Geoffrey Hilton analyzed impact of diffraction and 

attenuation for material (such as concrete, wood) 

characterisation in millimeter wave bands. 

Observations were made for measurements at the 

carrier frequency of 45 GHz for both polarizations. 

There are barely any different for metal in both 

polarization but clearly there are an impact of 

diffraction for wood and concrete at this frequency [4].  

Nuutti Tervo performed diffraction measurement 

around a building corner at 10 GHz. In this paper, the 

location of the transmitter (Tx) virtual antenna array 

was fixed and the receiver (Rx) was placed in six 

different locations. Radio channel measurement setup 

containing 4-port VNA and two virtual antenna arrays 

were used to produce high precision antenna 

movement with respect to the diffracting corner. 

Results are analyzed with respect to the Fresnel 

diffraction parameter and diffraction angle, and 

compared with the KED and absorbing screen 

diffraction losses, respectively. Analysis of the 

building corner diffraction showed that a building 

corner can be modeled by the KED at 10 GHz and the 

simple KED approximation is valid [5]. 

Thomas H. Barratt investigated the building corner 

diffraction for an indoor environment in a modern 

building using a wideband (2 GHz) channel sounder at 

a carrier frequency of 60 GHz. The measurement 

results showed that for a parallel track at a distance of 

2 m from the building corner the power fell by 30 dB 

once the user had moved just 0.5 m into the shadow 

region. Using KED theory for a frequency of 3.5 GHz, 

an attenuation of 30 dB required movement of 2.5 m 

into the shadow region for the same scenario. The 

measurement results are compared with the KED 

model. According the comparison results, the 

diffraction loss at 60 GHz was around 10 dB more than 

that seen at 3.5 GHz [6]. 

In [7] S. Kubal presented a proposal of a method used 

to calculate path loss over an irregular terrain in an 

open, rural environment. The proposed method is 

based on the analysis of direct, reflected and diffracted 

waves. The Geometrical Optics (GO) is used in 

reflection and diffraction analysis. And the Uniform 

Theory of Diffraction (UTD) is used in diffraction 

analysis and the reflection was calculated according to 

the Ray Tracing (RT) method. In addition, the irregular 

surface model is used for the simulation and analysis 

of results. Results for the slightly irregular surface with 

taking into account the diffraction phenomena are 

better than for a flat surface in opposite to highly 

irregular surfaces, for which the achieved path loss is 

higher. The calculated path-loss for the three ray model 

is smaller than for the results achieved for a flat 

surface. 

In 2017, Ezenugu Isaac A., [8] computed the triple 

knife edge diffraction loss by Giovanelli multiple knife 

edge diffraction loss method for a 10 GHz Ku-band 

microwave link. The computation of equivalent single 

knife edge obstruction that replaced the triple 

obstruction by giving the same diffraction loss as the 

dual obstructions was presented. According the results, 

the line of sight clearance height of the equivalent 

single knife edge obstruction is much more than the 

sum of the line of sight clearance height of the three 

obstructions. Essentially, dual or multiple knife edge 

obstructions has more impact than a very high single 

knife edge obstruction.  

3. METHODOLOGY 

3.1 Path loss 

Path loss is the reduction in power density of an 

electromagnetic wave as it propagates through space. It 

is a major component in the analysis and design of the 

wireless communication system. Path loss is highly 

inevitable in evaluating networks quality and capacity 

as regards efficient and reliable coverage areas in the 

growth of mobile communication. Path loss depends 

on land profile, transceiver’s power and gain and the 

distance between transmitter and receiver. Hence, path 

loss (PL) can be generally expressed as follow: 

rPrGtGtPPL                                   (1)
  

where tP is transmitted power, rP  is received 

power, tG  is transmitter gain and rG  is receiver gain. 

3.2 Knife-edge-diffraction(KED) model 

The KED model is commonly used in ray tracing 

simulations due to its simplicity and accuracy for 

diffraction loss prediction for many geometries [9].The 

knife edge effect can be explained by Huygen’s 

principle, which states that a well-defined obstruction 

acts as a secondary source to an electromagnetic wave, 

such that all points on a wavefront can be considered 

as point sources that produce secondary wavelets, and 

these wavelets combine to create a new wavefront in 

the direction of propagation [2]. The new wavefront 

propagates into the geometric shadow area of the 

obstacle, resulting in the diffraction phenomenon. 

Diffraction loss over complex and irregular obstruction 

can be difficult to calculate; this paper focused on 

simple obstructions that can provide an acceptable 

prediction on the magnitude of diffraction loss.  
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If there is a sharp, wedge-shape obstacle between 

transmitter and receiver, the wave undergoes 

diffraction effect. Diffraction’s characteristics depend 

strongly on the path difference () between the length 

of the diffracted path and the length of LOS path. () 

easily found follows:  
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The corresponding phase difference () is given by: 
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 The path loss due to diffraction in the KED model is 

controlled by the Fresnel diffraction parameter (ν) 

which measures how deep the receiver is within the 

shadowed region. As the value of the Fresnel 

diffraction parameter increases on the positive side, the 

path loss rapidly increases. A negative value for the 

parameter shows that the obstruction is below the line-

of-sight path. And then a value of zero means that the 

transmitter, receiver and tip of the obstruction are all in 

line. The Fresnel diffraction parameter (ν) can be 

written as follow: 
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where   is the wavelength,   is the diffraction angle, 

h  is the effective height (or width) of the obstructing 

screen with an infinite width (or height) placed 

between the Tx and Rx at the distances d1 and d2.The 

complex Fresnel integral can be express as 
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The diffraction power gain G( ) in dB is based on 

equation (2) and (3) to produce in a knife edge by the 

KED model is expressed as [2]: 

)(log20)()(
10

 FPG 
               

(6) 

where P() is the power loss of the diffracted signal for 

the value of ( ). And an approximate solution for 

equation (6) is shown in Table 1. 

Table 1. Diffraction gain equation according the 

value of () 

Diffraction gain Gd (dB) Fresnel diffraction 

parameter () 

Gd = 0   -1 

Gd = 20 log (0.5-0.62ν)  -1    0 

Gd = 20 log (0.5 exp (-0.95ν)) 0     1 

Gd = 20log(0.4- 

        
 21.038.01184.0  ) 

1    2.4 

Gd = 20log (0.225/)   2.4 

The overall loss of the diffracted signal path is 

constructed by the free space loss from the Tx to the 

corner, free space loss from the corner to the Rx and 

the loss caused by diffraction. Thus, for the measured 

total path loss 

)(PLL
fstotal
                            (7) 

where 
fsL  is free space loss which can be expressed as 











c

fd
L fs

4
log20 10                   (8) 

where d is the total distance of the path, f is the 

frequency and c is the speed of light in free space [10]. 

4. EXPERIMENTAL REGION 

The experimental procedures for propagation 

measurements are briefly described in this section. In 

the experimental setup, receiver and transmitter were 

placed at the various positions. Diffraction angles were 

considered by varying transceiver’s location.  
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Fig 1: Proposed measurement model  

Measurements were performed at the corner of 

Computer Engineering and Information Technology 

(CEIT) Department at Mandalay Technological 

University (MTU) as shown in Figure 1. During the 

measurements, the Tx antenna was located on one side 

of a building corner, and the Rx antenna was located 

on the other side of this corner. 

 

 

Fig 2: Measurement set up 

Measurements were performed by placing Tx/Rx in 

both same height and different height. At the same 

height, Tx and Rx were placed at 1.5 m above the 

ground. At the different height, Tx and Rx were 

configured at 1.5 m and 1 m above the ground 

respectively. The transmitted power of the generator is 

10 dBm and the carrier frequency is 2.4 GHz. The 

antenna of transceiver is patch antennas, with the gain 

of 6.2 dBi. 

 

Fig 3: Experimental layout 

The distance between the Tx/Rx and the tip of the 

corner knife edge is (1.5 m) and it remained constant 

throughout the diffraction measurement campaign. The 

Tx antenna was placed at point to the edge of the 

corner for nine fixed incident angles (β) from 10° to 

90° increment of 10°. The Rx antenna transformed 

from 10° to 90° in 10° increments of the diffraction 

angle (α). For each Tx location, Rx location was 

adjusted at nine positions from 10° to 90° in 10° 

increments of the diffraction angle (α). 

5. MEASUREMENT AND 

COMPARISON RESULTS 

In this paper, the measurement results are compared 

with theoretical model’s result based on the (KED and 

proposed) model in order to analyze the path loss of 

diffraction for building corner at 2.4 GHz. According 

to the comparison results, the measured path loss 
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values are higher than the theoretical (KED) predicted 

path loss values by a difference vary from 6 dB to 20 

dB. In this section, the proposed model that modify 

KED model by eliminating obstacle’s length along 

line-of-sight path, is presented. The measured path loss 

values are higher than the theoretical (proposed) 

predicted path loss values by a difference vary from 2 

dB to 20 dB. The proposed model’s Fresnel diffraction 

parameter (ν): 

21

21

ddλ

dd2
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         (10) 
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Where d1, d2 are the separation distances and D1, D2 

are the obstacle’s lengths from separation point and 

21
d ,d  are the distances of the two ends of the path 

from the obstacle. 
  

 

Fig 4: Path loss results for same height and 

different height (a) at transmitter 20°, receiver was 

moved from 10° to 90° 

As shown in Figure 4, the more value of the Fresnel 

diffraction parameter () increases on the positive side, 

the more the path loss increases. The theoretical (KED 

and proposed) path loss for same diffraction angle for 

both Tx & Rx at (10°,20°) and (20°,10°) is 72 dB. 

There are same theoretical results for both same height 

and different height because the parameters of KED 

and proposed model were measured from top view of 

the corner diffraction geometry. But the difference 

between experimental path loss value at same height 

and different height is small. Therefore KED and 

proposed model can be used in both same height and 

different height. According comparison results, KED 

and proposed model can more approximately predict if 

Tx/Rx has in an obstructed region. 

 

Fig 5: Path loss results for Fresnel diffraction 

parameter () > 0 

As shown in Figure 5, for the Fresnel diffraction 

parameter () > 0, KED and proposed models are fit to 

predict path loss due to building corner diffraction. 

And the difference between measurement results and 

proposed model’s results is less than the difference 

between measurement and KED’s results. According 

to the comparison results proposed model is 6.84% 

more accurate than KED model. 

6. CONCLUSION 

In this paper, the results and analysis of the diffraction 

measurements around a building corner at 2.4 GHz 

were presented. Radio channel measurement setup 

contains Rohde & Schwarz SMBV100A vector signal 

generator, Rohde& Schwarz EMI ESL test receiver 

and two patch antennas. Measurement results were 

analyzed by comparing theoretical predictions based 

on the KED and proposed models. According to the 

comparison results, KED and proposed model can 

predict approximately when Tx/Rx is at obstructed 

region. And the predicted path loss values by using 

proposed model is closer to the experimental path loss 

value than by using KED model. Therefore proposed 

model is fit to predict path loss due to building corner 

diffraction. 
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