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Mo#va#on	
One	of	the	main	objec=ves	of	the	COST	Ac=on	TU1208	is	to	foster	a	wider	
use	of	the	GPR	technique	in	Europe	and	beyond.		
	
The	dissemina=on	of	GPR	technology	concepts	should	be	a	star=ng	point	
for	introducing	young	people	to	the	GPR	technique.		
Moreover,	 the	 availability	 of	 a	 detailled	 guide	 to	 build	 a	 cheap	 GPR	
prototype	will	allow	several	researchers	and	students	to	realize	their	own	
equipment,	whenever	they	cannot	afford	to	buy	a	commercial	one.		
	
The	 inspira=on	 for	 this	 project	 was	 a	 radar	 prototype	 by	 Lincoln	
Laboratory	 at	 MassachuseQs	 Ins=tute	 of	 Technology	 (MIT)	 [6],	 but	 we	
worked	at	increasing	the	performance	and	interac=vity	of	the	MIT	device,	
as	well	as	on	adap=ng	it	to	the	GPR	case.	
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Mo#va#on	
We	 hope	 that	 our	 project	 will	 facilitate	 the	 introduc=on	 of	 the	 GPR	
technique	into	the	educa=onal	process	in	many	Countries.	
	
This	presenta,on	 is	an	excerpt	of	a	 longer	document	 that	we	prepared,	
which	 aims	 at	 explaining	 how	 to	 design	 and	 realize	 a	 frequency-
modulated	con,nuous-wave	(FCMW)	GPR,	with	detailled	informa,on	for	
the	step	by	step	construc,on	phases,	schemes,	soGware	codes,	and	all	the	
necessary	documenta,on	to	independently	build	a	GPR	prototype.	
	
The	guide	that	we	wrote	aims	at	enhancing	the	overall	technical	literacy	
of	students,	enabling	them	to	develop	their	own	radar	by	using	minimum	
prerequisite	knowledge	about	radar	systems.	
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•  RF	electronic	hardware	design.	

•  DC	power	source	design.	

Electronics	for	the	Environment	Laboratory	–	Dep.	of	

Informa=on	Eng.,	Electronics	and	Telecommunica=ons	

(DIET)	–	Sapienza	University	of	Rome	

Remote	Sensing	Laboratory	Bauman	Moscow	State	
Technical	University		

&	
Electronics	for	the	Environment	Laboratory	-	DIET	–	
Sapienza	University	of	Rome	

Electronics	for	the	Environment	Laboratory	-	DIET	–	
Sapienza	University	of	Rome	

•  So^ware	development	for	
interpre=ng	the	GPR	signal	
detec=on.	

•  So^ware	development	for	
implemen=ng	firmware	into	
microcontrollers.	

•  So^ware	development	for	
managing	device	by	PC.	

project phase Laboratory 

Teams	par#cipa#ng	in	the	project	
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Basic	principles	
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Basic	principles	
This guide aims to describe the steps for building a GPR with 
the main following features: 

v FMCW radar type 
v Use of modular subsystems that allow you to replace 

components for implementing design alternatives, and get 
greater understanding in the case of educational activity 

v Device managed by PC for interactive control of GPR 
v Frequency sweep: fmin=1.3 GHz, fmax=2.6 GHz 
v Choice of smaller interval for frequencies of use 
v Choice of modulation wave shape  
v Choice of modulating wave period  
v COTS (components off-the-shelf) 
v Low cost 
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Basic	principles	

FMCW radar working is based on the continuous emission of sinusoidal 
waveform (CW), which frequency is suitably modulated (FM). 
So, a basic design of a FMCW radar includes the following characteristics: 

•  The adoption of a local oscillator (LO). 
•  The received signal, properly amplified, is mixed with LO to create beat. 
•  The frequency of beat signal is proportional to the distance between the 

detected object and radar. 

By including VCO device as LO, we can carry out different 
frequency modulations by changing voltage control waveform: 

Saw tooth                     Triangular                Square-wave                  Stepped 

Essen#al	characteris#cs	
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Basic	principles	
FFT	
The	 applica=on	 of	 the	 Fast	 Fourier	 Transform	 to	 the	 output	 signal	 allows	 to	
obtain	 frequency	data,	 and	 consequently	 to	 calculate	 the	distance	of	mul=ple	
detected	objects.	
The	 use	 of	 a	 low	 pass	 filter	 increases	 the	 signal	 to	 noise	 ra=o,	 decreasing	
broadband	high	frequency	noise.	

Signal	processing		

FFT and Output data blocks are carried out inside the PC 
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Guide	
	

RF	Hardware	design		
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Guide	

In order to increase interactive features and versatility of modulation shapes, 
we replaced the analog function generator with a versatile Mbed LPC1768 
microcontroller (MCU) board, with high performance ARM Cortex-M3 core.  

RF	Hardware	design	

Block diagram of FMCW radar changed 
from basic to new version that  adds 
control lines and connection to the PC. 
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Guide	
The guide includes: 
►  Bill of materials together with pdf datasheet of more important devices 

Guide	structure	
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Guide	
The guide includes: 
►  Identification and assembly of RF components 
 

Guide	structure	
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The guide includes: 
►  Schematics  and PCBs (printed circuit board) together with picture files 

for reproducing them. 
 

Guide	
Guide	structure	
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The guide includes: 
►  Detailed exposition of developed software codes. Specifically, it includes 

the firmware program providing control functionalities of the Mbed 
microcontroller, and the software program for building a graphical 
interface that provides an easy to use workspace, the user can switch 
many parameters to control the radar system and send it to the 
microcontroller. 

 

Guide	
Guide	structure	
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The guide includes: 
►  Suggestions and basic	so^ware	for	interpre=ng	output	signal. 

Guide	
Guide	structure	
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Conclusions	
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Conclusions	
	

§  A full guide for designing and realizing an open-source low-cost 
GPR radar for educational purposes is available on-line. 

§  Hardware, firmware and software design and implementation 
are available with full explanation of the details, practical 
operational suggestions and comments on the entire code. 

§  The developed software and firmware programs allow 
interactive control of the GPR functioning, the implemented GUI 
program is user-friendly and will facilitate students’ interaction 
with the radar system. 
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Conclusions	
	

§  The total price of the radar does not exceed 600 euros, 
however it can be further reduced with the use of cheaper smd 
RF component, but in this case it is necessary to use a more 
complex multilayer pcb. Anyway, the actual version of the radar 
is the most easy-to-learn and easy-to-built possible. 

 
§  Moreover, reducing the bandwidth of the frequency sweep, the 

price can be cut to 400 euros. 
 
§  Future work will include the design and realization of optimized 

antennas and proper radar kit form-factor.  
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