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— Motivation

One of the main objectives of the COST Action TU1208 is to foster a wider
use of the GPR technique in Europe and beyond.

The dissemination of GPR technology concepts should be a starting 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 inspiration for this project was a radar prototype by Lincoln
Laboratory at Massachusetts Institute of Technology (MIT) [6], but we
worked at increasing the performance and interactivity of the MIT device,
as well as on adapting it to the GPR case.
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— Motivation

We hope that our project will facilitate the introduction of the GPR
technique into the educational process in many Countries.

This presentation is an excerpt of a longer document that we prepared,
which aims at explaining how to design and realize a frequency-
modulated continuous-wave (FCMW) GPR, with detailled information for
the step by step construction phases, schemes, software codes, and all the
necessary documentation 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.

COST is supported by the
EU Framework Programme Horizon2020




Teams participating in the project

project phase Laboratory

Electronics for the Environment Laboratory — Dep. of

e RF electronic hardware design.

_ Information Eng., Electronics and Telecommunications
* DC power source design.
(DIET) — Sapienza University of Rome

* Software development for Remote Sensing Laboratory Bauman Moscow State
implementing firmware into Technical University
microcontrollers. &

e Software development for

) i Electronics for the Environment Laboratory - DIET —
managing device by PC.

Sapienza University of Rome

* Software development for Electronics for the Environment Laboratory - DIET —
interpreting the GPR signal Sapienza University of Rome
detection.
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— Basic principles

This guide aims to describe the steps for building a GPR with
the main following features:

s FMCW radar type

 Use of modular subsystems that allow you to replace
components for implementing design alternatives, and get
greater understanding in the case of educational activity

*» Device managed by PC for interactive control of GPR

% Frequency sweep: f,,=1.3 GHz, f__,=2.6 GHz

s Choice of smaller interval for frequencies of use

+» Choice of modulation wave shape

¢ Choice of modulating wave period

s COTS (components off-the-shelf)

+* Low cost
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— Basic principles
Essential characteristics

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

ANV THL 217
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— Basic principles

Signal processing
FFT
The application of the Fast Fourier Transform to the output signal allows to

obtain frequency data, and consequently to calculate the distance of multiple
detected objects.

The use of a low pass filter increases the signal to noise ratio, decreasing
broadband high frequency noise.

Broadband Transmitting

Modulator i
Attenuator Amplifier  Splitter antenna

Voltage sweep VCO

Sync

) 4
A

Receiving

Amplifier + low pass Filter Mixer LNA
antenna

FFT and Qutput data blocks are carried out inside the PC
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____ Quide
RF Hardware design

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.
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Modulator .
Attenuator Amplifier  Splitter antenna

Block diagram of FMCW radar changed
X from basic to new version that adds
|

control lines and connection to the PC.

Output
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Guide

Guide structure

The guide includes:
» Bill of materials together with pdf datasheet of more important devices

Bill of material — RF subsystem.

Part number Qty Description Manufacturer datasheet Approximate

Bill of material — Amplifier+ I:g\'/\;fp‘)ass filter (Amp2) subsystem.

ZX95-2700A-S+ 1  Voltage Controlled Oscil o ;
Band 1300 to 2700 MHz Part number Qt Description Manufacturer datasheet Approximate
y cost (€)
VAT-3+ SMA Fixed Attenuator 5i

Bill of materlal Low frequency amplifier subsystem (Amp1). - Analog Device  OP467.pdf e

.m
cost (€) Vishay - 0.085

LT1077S8#PBF Micropower, Single Supply, Linear LT1077fa.pdf 2.61
Precision Op Amp (U1) Technology Bill of material — mbed board
e supply SUbSVStem (DC = convenerS) -._---
TSRN 1-2465 2 DC/DC converter 6.5V 1° (U2,U3) Traco Power TSRN-1 DC_DC 12.08x 2 ARM mbed LPC1768 prototyping mbed-005.1.pdf,
COIVEITERECE )-LPC1768 1 board (MBED) mbed Ipc17xx_um.pdf, 58.23
CR R78E5.005 1 CONVDC/DC5VS00MAOUTTHRU  Recom Power R-78Exx-0.5DC_DC 224 Ipc17xx_ds.pdf,
KE (V1) converter.pdf pcl7xx_es.pdf,
] 4 Position Wire to Board Terminal Buchanan - TE
2 Position Wire to Board Terminal TE
282834-4 2 Block Horizontal with Board 0.100" G ctivit - 167x2
(2.54mm) Throtsgh Hola (P1; enneciily e 3 Block Horizontal with Board 0.100"  Connectivit - 0.8x3
28 VinDC+VnSHDN+Gnd+Vout) (2.54mm) Through Hole (P1,P2,P3) y AMP
447687 (supplier: 1  FullPower - Battery Lipo 45 Full Power = 25,90 (COLIZEL
Jonathan ®) 2200mAh 35C Silver V2 — DEANS 3-020-10- 2 20Psingle row (female) lo profile SKT Mill-Max - 1.86x2
(BT1) )0 long ins
Multilayer Ceramic Capacitor (MLCC)
C0603X103F5JACTU 2 Standard 10000pF, + 5%, 50 V DC, KEMET = 0.52x2
SMD (C1,C2)
2 Position Wire to Board Terminal TE
282834-2 1 Block Horizontal with Board 0.100" Connectivity - 08
(2.54mm) Through Hole (BT1) AMP
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Guide

Guide structure

The guide includes:
» |dentification and assembly of RF components

Broadband
o e it
ZX95-2700A-S+ VAT-3+ Adapter splitter Cable Transmitting
antenna
M SM50+ ZAPD-2-272+ 086-12SM+ v
F o E e A
Adapter
SM-SM50+ " Adapter
SM -SM50+ Cable
% 086-12SM+
I " Adaptor X
Cable SM-SM50+ Receiving
Amplifier + 086-12SM+ Mixer antenna
low pass Filter ZX05-43MH+ LNA

ZX60-P105LN+
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Guide

Guide structure

The guide includes:
» Schematics and PCBs (printed circuit board) together with picture files
for reproducing them.

e}
:
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Guide

Guide structure

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.
cerial 3000 Desired VCO output 35 Corresponding DAC values
numpy append 2800
tkinter Scale,Button, VERTICAL, Tk, Menu, messagebox, Label, TclError 30
PIL ImageTk 2600
struct pack 25 .
20 _ Triangular
Calc_DAC_with_Predistortion dac # Functions available: W _form_triang // gzzoo 20
#W_form_rectang() // W_form_sawtooth() // Predistort() > = 4 Wavonn
g 2000 L] E ] Trig’d
_________________________________________________________________________________________
Configur p A
# change C rour PC connection!
s serial.S 1( baudrate=96¢ byt parity="1
A
File
GPR tool to set radar signal parameters:
Frequency range (Fmin, Fmax) and Period (T) of the Waveform

9 V < 5

1215 1215:‘ 1215 10 10:| 1 1:‘
1370 1370 20 Waveform: .
1525 1525 30 ;
1680 1680 €.
1835 . 1835 40 . 1=triangular, | 2%
1990 Fmin 4990 Fmax 5p Period
2145 [MHz] 2145 [MHz] 60 T[ms] i
2300 2300 70 2=rectangular, |
2455 2455 80 s
2610 2610
2765 2765 90 3=sawtooth

2905 :‘ 100 3

Stop

Confirm and send to Microcontroller ‘
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Guide

Guide structure

The guide includes:
» Suggestions and basic software for interpreting output signal.

a GPR_FMCV - o
FMCW Radar
Audio port Radar Caracteristics of the medium Limits
Time window (sec) 5 e
Sampling rate (Hz) - =5 Permittivity of the medium ] range res. (m) | 0.67873
Higher limit of frequency sweep (MHz .
(8000, 11025, 44100,48000 e 96000) | 44100 “ squency sweep (UHz) 536 Speed of electromagnetic propagation | 300000 Maximum range | 74 8303
Nr of Channels 2 Nr of bits " Sweeping amplitude (MHz) 221 in the medium (km/s) detectable
(8,16 0 24)
Elapsed time (sec) 85

Graph of the last :5 seconds

5 e s i — = Z
— — = -10
4.5f E
20
4t 4
80 38} 1
= = 3} .
40
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= ==
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-60
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=70 1 |
0 05 .
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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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