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PROBLEM

Geophysical sensing methods deployed to investigate sites contaminated by
unexploded ordnances (UXO) are not able to distinguish types of anomaly-causing
objects. However, for explosive ordnance disposal (EOD), it is desirable to be able
to exclude false positives in order to reduce time and cost of remediation.

GOAL

Highlighting parameter contrasts in 2-d magnetic anomaly data allows to
estimate positional information of buried objects. We aim for an opportunity
to also deduce depth and geometry information by means of filter techniques
and image processing approaches to possibly decide whether we deal with
ammunition or scrap metal.

Total field anomaly

= Analyzing anomaly signatures by applying phase-
based edge filters

= Horizontal and vertical derivatives can emphasize
magnetization contrasts as boundaries

METHODOLOGY
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Fig. 1. Section of a magnetic anomaly map acquired at
the test site of SENSYS GmbH in Bad Saarow
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Fig. 2:, @) Tank mine (RU: TM 62 M), Depth: 0.3 m, 9.4 kg, 310/101 mm,
b) Steel helmet (GER: WWII), Depth: 0.2 m, 1.2 kg, 320/160 mm, c)
Resolution line (pipe segments at various depths)
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Fig. 3:
the observation plane

Magnetized ellipsoid located beneath

Fig. 4. Synthetic data application of selected egde detectors for a single magnetized ellipsoid: a) Total field anomaly, b) Total horizontal derivative, c) Analytical signal, d) Tilt angle derivative, €) Improved analytical signal

REAL 10 Totallfield anomalyl 10 | THD _ I 10 AS ] I _ .1.5 IA_S
60 100

DATA 81 8¢ N - 8 N 11

—_ — — 180 —_

%6- %6- C 140 _ %6- E% 05

£ £ | E £ L 1% E £ 10
In order to test the practical = £ 4 - NE T o |, % y
applicability for UXO detection, | | |%° , 1

20 4 -

we apply several detector 10
algorithms to selected magnetic % 5 ) % ; 0 0 % : 0 0 .
field data sets from the SENSYS a) easting [m] ) easting [m] C) easting [m] ) easting [m] €) easting [m]

test site in Bad Saarow.

Fig. 5: Application of selected edge detectors to the total field anomaly caused by a magnetized ellipsoid: a) Total field anomaly, b) Total horizontal derivative, c) Analytical signal, d) Tilt angle derivative, €) Improved analytical signal
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Fig. 6: Constrained amplitude range for two selected test site sections: a) Total field anomaly of section 1, b) Tilt angle derivative (S1), c)
Improved analytical signal (S1), d) Total field anomaly of section 2, e) Tilt angle derivative (S2), f) Improved analytical signal (S2)

CONCLUSION
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Challenges
Trade-off between resolution and reliability

Edge detectors with the highest resolution suffer from noise amplification
Disappearing structures due to an extensive dynamic range of the data
Exact positioning is made difficult by remanent part of the magnetization
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Fig. 7. a) Mask: Theta Map b) Tilt angle derivative using THETA-Mask, c) Improved
analytical signal using THETA-Mask, d) Mask: Analytical signal c) Improved analytical signal
using AS-Mask

Potentials

= Recognition of the horizontal location and extent of sources

= Combined evaluation of different methods to increase reliability and improve
Interpretability despite effects through remanence, tilt, interference and depth expansion

= Additional usage of location- or value-dependent masks to stress out important features
or eliminate interfering areas
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