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SPOT-GPR:

1. Introduction

What?

= SPOT-GPR is a freeware processing tool for 2D-GPR raw data, aiming
to provide an estimation of target position (spotting)

= |t takes a collection of A-scans as input, obtained by using a linear
array of sensors

= Each scan is the digitized acquisition of a single sensor within the
time window, at a given sample frequency

How?

= The initial dataset is pre-processed to remove the effect of the air-
ground interface, by using a dataset of only-ground measurements
(no target)

= A two-stage processing algorithm is then applied, both in time
(range) domain and in frequency (cross-range) domain
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SPOT-GPR:

2. Processing layout

GPR raw data (meas, sim) SPOT-GPR
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SPOT-GPR:
3. Dataset acquisition
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SPOT-GPR Step 1:
4. Air-ground I/F effect removal

cross-range (x)
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SPOT-GPR Step 1:
4. Air-ground I/F effect removal
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SPOT-GPR Step 2 :

5. Range processing (matched filter)
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SPOT-GPR Step 2 :
5. Range processing (matched filter)
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SPOT-GPR Step 3 :
6. Cross-range processing (SAP-DoA)

SAP-DoA method principal characteristics:
» Subarray processing (SAP) of the original array
» DoA estimation from each subarray

» DoA triangulation and crossin pattern extraction
> Statistical filtering

¥
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SPOT-GPR Step 3 :
6. Cross-range processing (SAP-DoA)

> DoA estimation from each subarray

If the impinging signal at each subarray is a plane wave, a narrow-
band signal model can be applied for each frequency
component...

... So that, a dominant DoA can be estimated for every subarray
and for a number of frequency points, representing the direction
of the maximum received power (target) over frequency...

... Adjacent subarrays will probably see the same target at
different aspect angles and their DoAs can be collected and
processed to obtain information about target cross range
position!
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SPOT-GPR Step 3 :
6. Cross-range processing (SAP-DoA)
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SPOT-GPR Step 3 :
6. Cross-range processing (SAP-DoA)

Signal model
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SPOT-GPR Step 3 :
6. Cross-range processing (SAP-DoA)

The most intuitive approach consists of a beam steering in all the direction U, of interest. In
this case the weight vector is a replica of the steering vector calculated in ..

wy(9;) = a(¥;) = [1' vvr @~ (M=1)kd cos 19i]

2

PWy) = Wy Ry = | a(8) - a(9) 54(6) +n(®

—> P(w) peaks occur for &, = &,. This sounds like a kind of an angular matched filter!!!

Unfortunately this simple beamforming suffers of poor angular resolution. More
sophisticated super-resolution algorithms can be implemented (i.e. MUSIC, ESPRIT, etc.).

Given Ny g subarray, the principal Ny ,; DoAs are then estimated:

DOA; = mglx{P (wp)}

j=1,,Nsygp
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SPOT-GPR Step 3 :
6. Cross-range processing (SAP-DoA)

» DoA triangulation and crossin pattern extraction

The interception of all the N ,; DoAs combine to form a crossing pattern.

The crossing pattern contains both target spots and noisy samples. In order to extract
precise information about target, the undesired noise crosses must be cleaned out.
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SPOT-GPR Step 3 :
6. Cross-range processing (SAP-DoA)

» Statistical filtering

A nice property of crossing pattern is that spots have different density. Target crossings
are greater and more dense than background crossings.

This property can be properly exploited by using the Poisson distribution function

e M \F k is the number of crossing in a given window
P/\{X — k} = p/\(k) — Ll and A is the density rate

P(X = k|Background, ;\b) = Al*.‘ e_;\b — j\é H P = kgicfx (k|Ho, 3\5)
. 1 _5 . w .
P(X = k|Target, At) = M — )k M Pa= 3 fx (K, %)
k' ' k=K
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SPOT-GPR Step 4 :

I °
7. Parameter extraction (cross-range)
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SPOT-GPR Step 4 :

7. Parameter extraction (range)
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—— 8. SPOT-GPR example

~STEP 1 - LOAD INPUT FILES B SCAN rProcessed B SCAN

l Load background input file l Background input file

l Load simulation input file l Simulation input file

l Load Tx pulse input file l Pulse input file

rSTEP 2 - SETTINGS rSTEP 3 - SPOTTING

Insert value Centre frequency [MHz] Do not type Bottom left
Insert value Bandwidth [MHz] Do not type Bottom right

Insert value Frequency resolution [MHz] Do not type Top left

Insert value No. of samples per scan _
Do nat type Top right

Insert value Time window [ns]

Insert value Scan spatial sampling [m] Do nat type X-estimation

Insert value Antenna-ground distance [m] Do not type Depth estimation

Insert value Dielectric constant of ground

Insert value False-alarm probability

‘ NEW SPOT ‘

A Dr.-Ing. Simone Meschino, Prof-Ing. Lara Pajewski
START CcoskE
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— 8. SPOT-GPR example

Step - 1. Load input files: relevant input files (background, simulation/measurement, Tx-pulse).
Step - 2. Settings: simulation settings.
Step - 3. Spotting: interactive spotting.

Background input file format (.txt)

The COST_DOA tool is based on a two-dimensional geometry objects of arbitrary shape are
embedded in a host medium.

The background input file is a matrix of real values, representing a collection of M

traces (A-scans) measured by the GPR in the absence of the targets (M has to be

equal to the number of A-scans included in the B-scan that the user wants to

process).

Each A-scan has to be a vector of T real values, where T is no. of samples per scan. Such matrix
has to be saved as a .txt file, formatted in the following way:

(vl,1)space(vl,2)space(vl,3)...space(vl,6N)
(v2,1) space (v2,2)space(v2,3)...space (v2,N)

(vT, 1) space (vT,2) space (vT, 3) ...space (vT,N)

f**i COST is supported by the
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— 8. SPOT-GPR example

Simulation/measurement input file format (.txt)

The simulation/measurement input file contains the B-Scan that the user is willing to process, i.e.,
the collection of M traces (A-scans) measured by the GPR along the interface

between the air and the host medium.

Each A-scan has to be a vector of T real values, T is the no. of samples per scan.

Hence, the background input file has to contain a matrix of T x M real values.

Such matrix has to be saved as a .txt file, formatted in the following way:

(vl,1)space(vl,2)space(vl,3)...space(vl,N)
(v2,1)space(v2,2)space(v2,3)...space(v2,N)
(vT,1)space (vT,2)space (vT,3) ...space (vT,N)

Pulse input file format (.txt)

The pulse input file contains a vector of T' samples of the pulse emitted by the GPR.
In other words, the pulse input file has to contain a 1 x T’ vector of real values,
where t=1,..T" is the sampling time and T’ is not necessarily equal to T.

The vector has to be saved as a .txt file, formatted in the following way:

(vl,1l)space(vl,2)space(vl, 3)space(vl,4)...space(vl,T)

f**i COST is supported by the
o EU Framework Programme Horizon2020



Center frequency MHz Center frequency f_of the Tx pulse

Bandwidth

MHz
Frequency resolution MHz Frequency step to be used by the
SAP-DoA algorithm

[f-BB/2: foes: f+BB/2]

No. of samples per scan N/A Sample frequency of the ADC

Scan spatial sampling m Distance between consecutive A-scan

Bandwidth of the Tx pulse
[f.-BB/2; f +BB/2]

traces
Antenna-ground distance [ii Distance between Tx/Rx antennas
and the air-ground I/F
Dielectric constant of N/A Relative permittivity of ground
ground
False-alarm probability N/A Probability of false alarm used by

SAP-DoA procedure for the crossing
pattern filtering

GPR system parameter

GPR system parameter
We suggest to consider a -10 dB bandwidth

For each point within the rage, the SAP-DoA
procedure is executed and the relevant
crossing pattern is processed

GPR system parameter
Typ. 512, 1024, 2048
GPR system parameter

Assumed to be the same in Tx and Rx
Ideally this is the spacing of a linear uniform
array collecting all the A-scans together. For
time-invariant scenarios, the A-scans can be
collected in different instants

GPR system parameter
Assumed to be the same in Tx and Rx

In release 1.0, this is a real value, i.e., losses
are not considered by the SAP-DoA
procedure

Typically between 103 and 10, depending
on fgc. For a coarse fges, a lower number of
crossings has to be expected and a lower
false-alarm probability is recommended



—— 8. SPOT-GPR example

Concrete 1

Cells 1.1 - 1.3 can be simulated in 2D and 3D. In 2D,
the concrete cell size is A x H; in 3D, the cell size is A
xBxH.

H:lSch B=100cm

Transmitter:

v Central frequency: f= 1.5 GHz

v Pulse time-shape: Ricker

v 2D source: line of current

v’ 3D source:
* Hertzian dipole //Bor // A
* Bowtieantenna//Bor//A
* GSSlantenna

v Rx and Tx are at 2 cm from concrete-air interface
¥ The distance between Tx and Rxis d = 10 cm

Output:

v/ B-Scan with step 5 mm

¥ A-Scan above the center of each scatterer
# Total field and back-scattered field

# Time window: 5 ns

15cm 10cm 10cm 10cm 10cm  Scm

Cell 1.1 >

H=18cm

A=60cm compacted fill
15¢cm 12¢cm 12cm 12cm 7cm
Cell 1.2
9cm
H=18cm
9cm
A=60cm compacted fill
l4cm 4cm 10cm 4cm 10cm 4cm 14cm
Cell1.3 « > e
7ch
4em H=18cm
7¢cm
A=60cm compacted fill

Cross-range: 15+19 cm
Range: 79 cm

L. Pajewski, A. Giannopoulos, “Electromagnetic modelling of Ground Penetrating Radar responses
to complex targets”, Short Term Scientific Missions and Training Schools — Year 1, COST Action
TU1208, L. Pajewski & M. Marciniak, Eds., Aracne Editrice, Rome, Italy, May 2014, ISBN 978-88-548-

7225-7, pp. 7-45.
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8. SPOT-GPR example

STEP 1 - LOAD INPUT FILES B SCAN Processed B SCAN

CAUsers\Simo\Deskiop\COST_A

l RS R T ] CTION_ TU1208\SMTS._ 0120171

COST_DOAVnputibackground\e

sfondo 12 a.bd

l Load simulation input fle ] CiUsersiSimo\Deskiop|COST_A
CTION_TU1206\SMTS_0120771 :

2

Time [ns]

3
COST_DOAlnputicell_13iceli13 4
2D concrete a.txt
l Load Tx pulse input il ] CiUsers\Simo\Deskiop|COST_A 5
CTION_TU1208ISMTS_012017) .
COST_DOANnputimyPulse txt

3 0.2 0.1 o 01 02 0.3 0.2 -0.1 o 01 02

Receiver-position [m] Receiver-position [m]
STEP 2 - SETTINGS STEP 3 - SPOTTING
1.5e3 o 0.271.-0.104 Done
w actual estimate
6e3 [em] [cm] 0.108,0.104
002
300 x-rg 15+19 18.57 0.271,-0.073
256 __ 004 . )
E rg 79 8 0.108.-0.073 Done
=
: 2 006
=}
5e-3 Done 0.185759 Done
0.08
2e-2 0.0798719 Done
6 Done 041
02 0.1 0 0.1 02 03 ‘ NEW SPOT
1e4d

A Dr.-Ing. Simone Meschino, Prof.-Ing. Lara Pajewski
START CcoskE
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- CoOnclusions

= SPOT-GPR can be used to post-process GPR raw data in order to
estimate the position of targets

= SPOT-GPR is based on a two-stage processing scheme: in time domain
(range) and in frequency domain (cross-range)

= |n time domain, the received B-SCAN is at first manipulated to remove
the I/F effects, and then, each A-SCAN is cross-correlated with the
transmitted pulse

= The obtained processed B-SCAN is FFT-transformed and the SAP-DoA
algorithm is applied for a discrete number of frequency points

= For each frequency point a dominant DOA is estimated for all the
subarrays and the overall DOA collection is used to derive the cross-
range estimated position

= The cross-range estimation is then matched with the corresponding
time domain values of the processed B-SCAN in order to estimate the
position in range (depth)

COST is supported by the
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For detailed references and any other
business feel free to contact me

simone.meschino@gmail.com
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