
Science and Technology Publishing (SCI & TECH) 
ISSN: 2632-1017 

Vol. 5 Issue 12, December - 2021 

www.scitechpub.org 
SCITECHP420261 1283 

Design And Simulation Of A Pyramidal Horn 
Antenna For Ground Penetrating Radar 

Applications 
 

Ndifreke Nsima Williams 1 
Dept. of Electrical/Electronic & Computer 
Engineering, University of Uyo, Nigeria. 

ndifrekewilliams9 @gmail.com 

Akaninyene  B. Obot 2 
Dept. of Electrical/Electronic & Computer 
Engineering, University of Uyo, Nigeria. 

Kufre M.Udofia3 

Dept. of Electrical/Electronic & 
Computer Engineering, University of 

Uyo, Nigeria 

 

Abstract— This paper describes the design and 
simulation of  a 5.85 GHz to 8.20 GHz antenna 
which can be used for ground penetrating radar 
(GPR) applications as well as for other purposes.  
The proposed antenna is achieved by first 
designing a pyramidal horn antenna with 
frequency that can be used from 5.85 GHz to 8.20 
GHz. The antenna was fed with a rectangular 
waveguide (WR 137). The antenna is designed to 
have highest gain at 8.20 GHz. The simulated 
results show good and balanced impedance 
matching from under a return loss of  െ𝟏𝟎 𝒅𝑩   and 
good radiation pattern. The material used is 
perfect electric conductor (PEC). The designed 
antenna was simulated in contact with the ground 
and its capability to detect buried objects has 
been verified in the time domain by using 
Computer Simulation Technology (CST) 
Microwave Studio-v.2018) simulator. The results 
showed that the highest antenna gain of 18.3 dB 
was obtained at 8.20 GHz. The pyramidal horn 
antenna is fed with a rectangular waveguide (WR 
137) as it provides moderate directivity, high gain, 
better return loss, wide bandwidth and matched 
voltage standing wave ratio (VSWR). The 
proposed antenna is cost effective with high gain 
and high directivity covering a wide bandwidth 
and ranging from 5.85 GHz to 8.20 GHz. The 
pyramidal horn antenna is suitable for GPR 
applications. It can be used to detect buried land 
mines to a depth of 30cm, and it is also suitable 
for oil exploration. 

Keywords: Pyramidal horn antenna, ground 
Penetrating Radar, Gain, Return Loss, 
Rectangular Waveguide, Return Loss , 
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I. INTRODUCTION 

Over the years wireless communication 
technologies have been developed and widely deployed in 
many diverse applications [1, 2]. Today, wireless 
technologies have dominated other technologies in the 
communication industries, [3,4,5,6,7,8] with applications in 
real-time and non-real-time communications, terrestrial and 

satellite communications as well as in various sensor 
networks and the emerging Internet of Things applications 
[9, 10 ,111, 12, 13,14, 15, 16]. Consequently, nowadays, 
wireless technologies are among the main areas of research 
in the world of communication systems and a study of 
wireless communication systems is incomplete without an 
understanding of the operation of antennas [17, 18 ]. An 
antenna is device for radiating electromagnetic waves. It is 
also a transducer for coupling electromagnetic energy 
between free space and a wave guide, transmission line, or 
a receiver and a transmitter [19]. Antenna is a vital part in 
any communication system design, operation and in 
optimisation of key performance parameters of wireless 
communication system. Also, such proper knowledge of 
antennas are essential in wireless communication link 
budget analysis, ameliorating the effect of propagation loss, 
due to atmospheric parameters,  environmental parameters 
and other wireless link parameters [20, 21, 22, 23, 24. 25 
,26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37].  

Generally, antennas are categorised as wideband 
and narrow band based on their frequency range of 
operation [38]. In this paper our focus is on pyramidal horn 
antenna which comes under the class of wideband antennas 
and rectangular horn antennas.  The pyramidal horns are the 
antennas in which the walls of the rectangular wave guide 
are flared out in both E-plane and  H-plane directions[39].  

The applications of pyramidal horn antennas are : 
remote sensing satellites, communication satellites, 
geographic information and  weather satellites [40]. 
Pyramidal horn is one type of aperture antenna flared in 
both directions, a combination of E-plane and H-plane. 
Horns antennas are one of the most important parts of a 
communication chain. In Modern times the need for 
wideband applications has increased. The Horn Antenna is 
widely used in radar and communication system. A  
pyramidal horn antenna is said to be optimum when the 
aperture dimensions are adjusted to give maximum gain for 
given slant lengths in the E- and H-planes [41]. Pyramidal 
Horn is the best horn as it has equal radiation patterns in 
both E-plane and H-plane along with its high gain and 
directivity [42]. With the development of measurement, 
communication system, radar techniques and 
electromagnetic, the horn antenna has been widely used 
which make it one of the most practical antennas. 
Pyramidal horn antenna can effectively extend the working 
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