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University of Split

Faculty of Electrical Engineering, Mechanical Engineering and Naval Architecture

- approximately 2700 students and 240 employees                   Conferences:      

SpliTech 26-29 June 2018
Workshop on Applications of GPR Radar



3

University of Split, FESB

o This university 
education comprises 
undergraduate, 
graduate and 
postgraduate studies, 
or is often referred to 
as a model 3+2+3:

• undergraduate 
university study,

• graduate university 
study,

• postgraduate 
university study.
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Our Research group courses
(some of them…)
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• Human exposure to 
electromagnetic field

• Numerical methods in
communications

• Fields and waves in electronics
• Electromagnetic waves
• Electromagntic fields
• Electromagnetic ecology and

dosimetry
• Radiocommunications
• Radars
• Mobile communications
• Electromagnetic compatibility
• Measurements in wireless 

systems
• Wireless energy transmission

systems
• …

Radars 2017./2018.:
24 students from graduate studies: 
- Electronics and Computer Engineering,
- Communication and Information Technology, and
- Computing



• A low-cost frequency modulated continuous wave
(FMCW) GPR for educational purposes is developed
within the framework of COST Action TU1208 "Civil
Engineering Applications of Ground Penetrating
Radar„.

• During the Action TU1208 a lot of free resources was
developed and given, which is very practical and
convenient for educational use, e. g. books, journal
papers, free software, case studies and open
database with various useful GPR data sets.

• Also, MIT Lincoln Laboratory sponsored a radar
short-course with goal to increase student interest in
RF electronics, antennas, radio propagation and
signal processing- cheap laptop-based FMCW
synthetic aperture radar (SAR).
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Motivation



• To build a GPR in one semestar based on two free

resources:

• Cooperation of students from different programmes

• Project based course?

8

Goals

1. V. Ferrara, M. Chizh and A. Pietrelli, „Guide to building a GPR 

prototype for educational use”, Warsaw, Final Conference of Cost 

Action TU1208, in Warsaw, Poland

2. Gregory Charvat, Jonathan Williams, Alan Fenn, Steve Kogon, and 

Jeffrey Herd. RES.LL-003 Build a Small Radar System Capable of 

Sensing Range, Doppler, and Synthetic Aperture Radar Imaging. 

January IAP 2011. Massachusetts Institute of Technology: MIT 

OpenCourseWare, https://ocw.mit.edu. License: Creative Commons 

BY-NC-SA.



• Graphical user interface (GUI) is developed

during Short-Term Scientific Missions: Years 4

& 5 of COST Action TU1208

• Python software program and firmware for

microcontroller

• This provides flexibility in further development

of GPR where the firmware can remain

unchanged while all modifications can be done

in the software.
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Building a cheap GPR prototype

V. Ferrara, M. Chizh and A. Pietrelli, „Guide to building a GPR prototype for educational 
use”, Warsaw, Final Conference of Cost Action TU1208, in Warsaw, Poland
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Building a cheap GPR prototype

V. Ferrara, M. Chizh and A. Pietrelli, „Guide to building a GPR prototype for educational 
use”, Warsaw, Final Conference of Cost Action TU1208, in Warsaw, Poland
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Building a cheap GPR prototype

V. Ferrara, M. Chizh and A. Pietrelli, „Guide to building a GPR prototype for educational 
use”, Warsaw, Final Conference of Cost Action TU1208, in Warsaw, Poland
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Building a cheap GPR prototype

V. Ferrara, M. Chizh and A. Pietrelli, „Guide to
building a GPR prototype for educational use”,
Warsaw, Final Conference of Cost Action
TU1208, in Warsaw, Poland

Gregory Charvat, Jonathan Williams, Alan Fenn, Steve

Kogon, and Jeffrey Herd. RES.LL-003 Build a Small Radar

System Capable of Sensing Range, Doppler, and Synthetic

Aperture Radar Imaging. January IAP 2011. Massachusetts

Institute of Technology: MIT OpenCourseWare,

https://ocw.mit.edu. License: Creative Commons BY-NC-SA.
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Building a cheap GPR prototype

V. Ferrara, M. Chizh and A. Pietrelli, „Guide to
building a GPR prototype for educational use”,
Warsaw, Final Conference of Cost Action
TU1208, in Warsaw, Poland

Gregory Charvat, Jonathan Williams, Alan Fenn, Steve

Kogon, and Jeffrey Herd. RES.LL-003 Build a Small Radar

System Capable of Sensing Range, Doppler, and Synthetic

Aperture Radar Imaging. January IAP 2011. Massachusetts

Institute of Technology: MIT OpenCourseWare,

https://ocw.mit.edu. License: Creative Commons BY-NC-SA.
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Building a cheap GPR prototype

University of Split, FESB
Research group for electromagnetic compatibility
and numerical methods in electrical engineering
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Building a cheap GPR prototype



-GPR antennas operate in harsh environment near
the ground and the second antenna.

-They are required to transmit and receive fast
transient signals with a large frequency bandwidth
with negligible distortion.

-Compact, light weight, small-size and low-cost.

-Our goal: to find and analyze the antenna design
that covers the entire frequency bandwidth od the
FMCW GPR prototype, achieves high directivity,
small size and low cost.

16

GPR antenna design



• Parabolic bicone antenna (previous work)
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GPR antenna design
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• Horn antenna
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GPR antenna design
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horn antenna simulation results

horn antenna measurement results



• LPDA- log-periodic dipole antenna array
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GPR antenna design
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GPR antenna design



• Building a FMCW GPR prototype for educational purpose 
is not a straightforward task. 

• Students and professors need to have a certain 
background in various fields: programming, electronics, 
antenna design, numerical modeling, radio wave 
propagation and signal processing. 

• We continued the work on the GPR prototype focused on 
antenna design, beacuse our field of research is related
to antennas and propagation. 

• Future work:

– next academic year: signal processing and antenna design
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Conclusion



Thank you for your attention!
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