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1 Introduction 

1.1 Project network HuMin/MD 

Reasons 

Left behind after armored conflict, land mines endanger the lives of people in many 
countries. The rapid and total removal of over 100 million land mines buried throughout 
the world is a huge challenge to technology. One of the most common devices currently 
used for clearing land mines for humanitarian purposes is the metal detector. However, 
due to the ever-present existence of metal parts in the ground, this type of device features 
a high false alarm rate.  

Aim 

The aim of this project network is to reduce the number of false alarms produced by metal 
detectors used for humanitarian demining. To achieve this, the project network primarily 
develops the potential of secondary mathematical methods for analyzing data obtained 
from conventionally-made metal detectors. Two concepts are considered in parallel: (1) 
local 3D imaging and (2) signal analysis. In addition, work associated with soil influences 
and the optimization of metrological methods is also carried out (see Fig. 1).  

Local 3D imaging 

Local 3D imaging is made up of two areas. Through inversion, conclusions concerning the 
distribution of metal in the ground can be made. A counterpart then forms the forward 
calculation: Based on the prevailing metal distribution, the resulting electromagnetic fields 
are calculated. Both procedures are based on Maxwell´s electrodynamics equations.  

New inversion methods have been developed and tested by the project network enabling 
inverse problems to be calculated in real time and thus be implemented directly at the 
demining site. Examples of methods which can be applied here include the linear sampling 
method, the factorization method, the point source method and the approximative 
inverse. 

In the field of forward calculation, the aim is to carry out a real-time analysis of detector 
signals using rapid forward calculation methods. Based on model assumptions for the 
metal distribution in the ground, the resulting “virtual” detector signals can be calculated 
and then compared with the real detector signals. The model assumptions are then 
altered iteratively to enable the best possible match between the data calculated and the 
data measured to be achieved. Iterative inversion methods such as the regularized Newton 
method are employed. 
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Signal analysis 

The metal detector signals are analyzed using signal analysis methods. The aim here is also 
to be able to differentiate more clearly between signatures from mines and signatures 
from other hidden metallic objects. To do this, modern feature extraction and 
classification concepts are used such as support vector machines, neuronal networks and 
Bayes classifiers; phenomenological or physical correlations are also taken into account in 
the implementation. Additionally, work concerned with pre-processing data (e.g. noise 
removal) is also carried out.  

Optimization of measurement techniques and soil influence  

With regard to the optimization of measurement techniques, investigations are carried out 
to find out if spatial measurement data can be obtained from a conventional metal 
detector by using additional simple hardware. In comparison to sequences which are only 
concerned with time, a classification can be made much easier in this way. A further 
objective of the project network is to identify optimization potentials associated with 
metal detector design.  

 Electromagnetic properties of the soil such as magnetic susceptibility or electrical 
conductivity influence the measurement signals obtained from a metal detector. As part of 
the project network, quantitative investigations are made in this area. 

Network partners 

In total, ten institutes working in the fields of applied and numerical mathematics, 
electrical engineering, geophysics and non-destructive testing are participating in the 
project network. These institutes therefore cover a broad scientific field ranging from 
development to application. A list of the participating institutes is shown in Fig. 1. The 

         

Fig. 1: Research fields and institutions in the project network HuMin/MD 
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Fraunhofer IPA is responsible for coordinating the project network. – The individual 
network partners are working together as an inter-disciplinary team. This is due to the fact 
that certain sub-aspects of the network overlap. 

Duration and course of the project 

The project network will run over a total of 3.5 years; the individual projects started in 
October 2003. The feasibility and effectiveness of the individual concepts was first 
demonstrated in the laboratory. In addition, the effectiveness of the concepts was then 
evaluated using real metal detectors under realistic conditions.  

Acknowledgement 

The project network is funded by the German Federal Ministry of Education and Research 
(BMBF).  

 

1.2 Purpose and objective of the report  

During the course of the research project HuMin/MD, the participating institutes obtained 
several new results especially in the field of local 3d imaging and signal analysis. The 
results are presented in the following chapters. The midterm summary report is addressed 
to persons that actively (or passively) participate in the field of Humanitarian Demining. For 
a quick overview, the objective, approach and results are presented in a rather brief 
manner, omitting deeper scientific or technical details. The interested reader will find more 
information on the covered topics in the published scientific articles. A full list is given in 
chapter 6. 
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2 Local 3D imaging for buried metal objects 

2.1 Göttingen University 

The Inverse Problems Group at the 
University of Göttingen has developed 
iterative and probe methods for the 
detection of buried objects, in particular 
for the detection of land mines. The 
methods could be shown to be capable of 
detecting the size and location of some 
buried conducting object in a real 
measurement setting with half-space 
consisting out of a ground medium and 
some upper half-space filled with air. In 
particular, reconstructions with 
measurements of the type generated by 
state-of-the-art metal detectors have 
been achieved.  

The group has investigated four basic 
model situations. The metallic parts of 
mines can be modelled as a) strongly 
conducting obstacles using a perfect 
conductor boundary condition and as b) conducting obstacles with some transmission 
boundary condition. We combined each of these models with one of two models for the 
ground medium: A) the simplest model for the soil just models the whole space as 
homogeneous. This is valid for important measurement settings since the double-coil 
which is used in mine detectors does not see the background when it is held parallel to 
the surface. B) for general measurements the full two-layered ground medium model 
needs to be used.   

The group developed a forward-solver modelling the full physical process via boundary 
integral equations. For both settings a) and b) the solver calculates the solution of the 
scattering problem up to an error of 2% in several seconds, where due to its higher 
complexity the transmission problem is needs approximately four times as long as the 
perfect conductor solution. The forward solver was used to model the measurements of 
the mine-detector, i.e. the induction voltage in the measurement loop.  

In a second step the inverse problem of mine detection is solved. Here, for the 
measurements with some mine detector the group employed gradient-type methods for 
the determination of the size and location of the object. With reasonable a-priori 

Fig. 2: Iteration to detect the metallic parts of some 
buried mine.  
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Fig. 3: Mine detector with some loop 
sending a magnetic impulse which is 

reflected by the metallic object 

knowledge these quantities can be reconstructed within a 
couple of minutes for each of the above settings a), b) 
and A), B). If full magnetic fields are measured, we can 
also employ probe methods and reconstruct more details 
of the unknown buried object. Currently these algorithms 
are applied and adapted to real measurement data.  

The researchers of the University of Göttingen have 
strongly cooperated with the geophysicists of the 
University of Cologne and the electrical engineers of the 

University of Rostock to guarantee the applicability of the results 
in a real-data measurement environment. The forward-solver has 
been used to generate data for the mathematical groups of the 
Universities of Karlsruhe and Mainz. Data has also been provided 
to the signal-processing group at Clausthal as a basis for mine 
detection with methods of artificial intelligence. 

Contact person: Prof. Roland Potthast, Göttingen University 

 

2.2 Karlsruhe University 

In the local 3D local imaging part of the HuMin/MD project network we investigate the 
potential of a class of relatively new methods for imaging buried landmines – which would 
serve as an auxiliary tool for the deminer whenever the MD (metal detector) “signals” the 
existence of an anomaly or could eventually be a stand-alone imaging tool, in which case 
rather extensive field tests would have to be performed. 

The methods employed are frequency domain methods which were developed mostly in 
the mathematical community and are sometimes referred to as sampling methods, or 
depending on its specific implementation form to either the Linear Sampling Method or 
the Factorization Method. The Linear Sampling Method is in general applicable to a wider 
class of inverse problems however its mathematical justification is not completely 
satisfying. On the other hand, the Factorization Method has in general a sound 
mathematical basis but its range of applicability is more restricted, and not rarely it 
involves a more delicate implementation. 

Attractive features of these methods, and which we have indeed verified in practice using 
synthetic data, are  

• the simple form of their final formulation: which consists in the solution of a linear 
equation for points sampled in the region of interest, even though their mathematical 
analysis and justification may be non-trivial. 

Fig. 4: Simulation using 
Inversion Studio 1.0 
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• the avoidance of a forward solver: in fact the algorithm is not iterative, which of 
course makes it potentially fast, even though at least an approximate knowledge of 
the electromagnetic soil properties where the mine is buried is necessary. 

• the imaging functional associated with the sampling algorithms delivers the shape of 
the region of inhomogeneity (the mine). For the practical implementation, the kind of 
boundary condition (penetrable or impenetrable) or the number of components of the 
region does not have to be known in advance. 
 

In Fig. 5 we show a 2D reconstruction of two objects buried in a conductive soil with data 
collected in air at a line above the obstacles due to several incident sources distributed 
along the same line. The frequency is 10 kHz and the scales shown are meters. The left 
figure corresponds to linear sampling reconstructions and the right to the factorization 
method. This example illustrates the potential of the methods, where they deliver the 
location and shape of the obstacles without a priori knowledge on them.   

We refer the interested reader to the following reference for details in 3D and in which 
part of the theory behind one version of a sampling method has been developed:  
B. Gebauer, M. Hanke, A. Kirsch, W. Muniz, C. Schneider (2005), A sampling method for 
detecting buried objects using electromagnetic scattering. Inverse Problems 21, 2035 – 
2050. 

Fig. 5: 2D reconstruction of two objects buried in a conductive soil 

 
Contact person: Dr. Wagner Muniz, Karlsruhe University   
 

2.3 Mainz University 

The main purpose of the project in Mainz is to visualize areas having different 
electromagnetic properties than the surrounding soil using methods from mathematical 
tomography, and to identify mines by exploiting this information. To be precise, our 
methodology identifies abrupt changes of the electromagnetic properties in soil, as they 
appear e.g. at the boundary of a mine, from time-harmonic measurements. In contrast to 
signal processing techniques, tomographical methods need a lot of data in form of multi 
static measurements, i.e. from the concurrent use of several emitters and receivers. On the 
other hand tomographical techniques allow for a better visualization than approaches on 
the basis of signal processing. 
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Results 

The proposed methodologies were implemented and heavily tested on simulated data 
provided by the collaborating groups of the project given simplified assumptions. For this 
proof of concept emitters and receivers were assumed to be dipoles and the mines were 
modelled by perfect conductors in vacuum (no soil) with various shapes. The following 
figures give a glimpse of the potential of our method.  

 

Fig. 6: Reconstruction of a ball phantom and a torus (non-convex object) 

 
On the left is a reconstruction (bright red) of a ball phantom (light red) located 15 cm 
below the coils. The data come from simulated measurements with 3 x 3 
emitters/receivers. With another arrangement of 6 x 6 emitters/receivers it is even possible 
to reconstruct non convex objects like a torus as can be seen on the right. 

In work in progress we try to reduce the model simplifications and to extend our method 
to the setting of a layered medium (air over homogeneous soil) and to coils with real 
geometries instead of dipoles. 

Outlook 

The success of the method depends strongly on the accuracy of the detectors, in order to 
subtract the primary (incoming) field, as our method is based on the secondary field, 
which is scattered by the buried objects. 

Given the difficulty of moving a device with multi static emitter/receiver arrangements, our 
approach will probably not lead to an all-purpose methodology like e.g. with a single 
handheld metal detector. 

Contact person: Prof. Martin Hanke-Bourgeois, Mainz University   
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2.4 Saarland University  

We consider two complementing approaches to guarantee that at a specified position in 
the ground there is no buried landmine. One is based – as an intermediate step – on 
tomographic reconstructions for a visual illustration of the physical parameters (especially 
the conductivity), whereas the other tries to extract characteristic features directly from 
the measurements, which can be used for a classification. Results from both methods can 
be combined to enhance the precision of the mine detection. Therefore at the Saarland 
University two subprojects pursue these different approaches. In this subchapter, the 
approach and the results of the tomographic method are presented; in subchapter 3.3, 
the characteristic features are described.  

The tomographic method is based on an integral equation, which describes the scattered 
electric field generated by the currents that are induced in the metal parts of the mine. 
Since the induced currents consist of the conductivity and the electric field at the position 
of the mine, we are concerned with a nonlinear inverse problem which is ill-posed and 
thus very difficult to handle. Therefore the problem is divided into two steps: 

• Determination of the induced currents from the measurements. This is a linear inverse 
problem which is still ill-posed but due to its linearity easier to solve. 

• From the induced currents and the null space of the operator the spatial conductivity 
distribution is calculated by means of a nonlinear optimization procedure. This 
problem is nonlinear but well-posed. 

Due to the small number of measured data, spatial reconstructions as in X-ray CT, where 
in the 3D case several hundred million data are available, cannot be expected. Compared 
to X-ray CT there are two additional reasons for the limitation in the resolution. One is the 
very large null space of the linear operator, which is caused by the measurement geometry 
(only the half space above the ground is accessible) and the physics of the detection 
process. Especially the low frequency of the electromagnetic field is a problem. However, 
although a real imaging of mines is not possible, there are characteristic structures in the 
reconstruction of the conductivity distribution, which could possibly be used as an input 
for a classifier based on support vector machines or neural nets. In contrast to simple 
signal features this parameter contains information about the physics of the problem, so 
that it could be more suitable for the classification. This has to be clarified in further 
investigations. 

Contact person: Prof. Alfred Louis, Saarland University 
 

2.5 Köln University 

The sub-project „Quantitative simulation of metal-detector signals to reduce the false 
alarm rate in landmine detection” is hosted at the Institute for Geophysics and 
Meteorology of the University of Cologne. Together with Prof. Hördt from the Technical 
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University Braunschweig and the geophysical consultancy company HarbourDom we 
create a software package to invert data sets measured with standard metal-detectors 
over metallic objects. 

The inversion is based on the calculation of synthetic metal-detector data (computer 
models) for objects of relative simple shape like rings, spheres and spheroids. Models of 
such objects can be used for an approximate parameterization of the metallic parts within 
a landmine. Contrary to finite-element-models, which are able to model the metallic 
objects in more detail, our calculations are very fast and allow an inversion of the metal-
detector data on the field side where the measurements are made.  

To invert metal-detector data a comparison 
between the actual measurement and a 
computer generated model has to be made. 
As each measurement system somehow 
influences or distorts the quantity that it 
measures it is essential to include the 
influence of the individual detector-system in 
the modelling and inversion process. We call 
this influence system response. Fig. 7 shows 
a comparison between a data set measured 
over a metal sphere at University of Rostock 
and a model data set. The system response 
is considered in the model data. 

Another important part is to determine 
which parts of a mine contributes most to 
the signature of the mine and to evaluate how exact the data of a model based on 
simplified structures represents the data of a real mine. To examine this we calculated 
detailed 3D finite-element models for mine surrogates. Fig. 8 shows the result of a 
calculation for the spring, striker and detonator of a mine surrogate. In this case the 
largest induction currents are induced in the metal cap of the detonator. 

To achieve the goal of reducing the false 
alarm rate, additional so far unused 
information on the metallic object in the 
subsurface has to be delivered to the 
deminer. Fig. 9 shows an example of an 
inversion result on data gathered over a 
mine surrogate using a Förster metal-
detector. 

The information on depth, size, location 
and angles of the ellipsoid is given to the 
deminer. In the case shown here the 
inversion located an ellipsoid of 

 
Fig. 7: Comparison between measured data (symbols) and 
calculated data (lines) with system-response considered. 
The upper left panel shows the coil configuration of the 

used Förster Minex 2FD 4500 detector. 

Fig. 8: Metallic parts, model, finite-element grid and EM-
response of a mine surrogate. 
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conductivity 7.6 MS/m, relative magnetic permeability of 43, semi mayor axis of 53.7 mm, 
semi minor axis of 4.2 mm, dip angle of 3.5°, an angle to the middle of the detector of 
91° and a distance (depth) to the detector of 12.7 cm. 

As shown on Fig. 9 the elongation, 
depth and dip fit very well with the 
position of the major metallic parts of 
the mine surrogate. So far our results 
show that the resulting ellipsoid is 
typical for this type of mine surrogate. 
Other material like clutter or other 
mine types manifest themselves in 
different inversion parameters. 

Although the result is very satisfactory 
it has to be evaluated carefully how 
accurate various types of mines can be 
characterized by our approach and 
how different field situations influence 
the quality of the result. 

 
Contact person: Dr. Stefan Helwig, Köln University 

 

  
 

Fig. 9: Result of an inversion of metal detector data over a mine 
surrogate (drawing of the mine model provided by JRC, Ispra). 
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3 Signal analysis for Humanitarian Demining 

3.1 Rostock University 

Metal detectors used for mine clearance provide no information about the state of the 
buried object (depth, size, material). Besides, the high false alarm rate of the hand-held 
detectors makes the mine clearance a protracted and cost-intensive process. Reasons for 
the high false alarm rate are “uncooperative” soils, metallic objects like shell splinters, but 
also the low metal content in newer anti-personnel mines, which makes them hard to 
detect. 

Therefore a method is needed, which provides more information about the buried object 
to the deminer. That can be achieved by processing the raw-data from today’s standard 
metal detectors.  

Algorithms for object visualisation 

Raw data images are generated by scanning with a metal detector over a 2D-area and the 
visualization for every position the sensor output voltage as a color or gray level in a 2D-
plot. Because of the strong blurring, caused by the wide sensor aperture function, the 
shape from the objects can’t be visualized in the raw-data image. 

The shape can be visualized using well known deconvolution methods. The reconstructed 
image, shown in Fig. 10, is the result from the deconvolution of the sensor signal S(x,y) 
with the sensor aperture function AS(x,y). 

       

Fig. 10: Bended wire (le.) in 25 mm depth, raw-data (mid.) acquired with a commercial metal detector, raw-data (left), 
reconstructed image (right) 

 

The deconvolution is very sensitive regarding noise, so it is restricted to objects near the 
surface and/or with a high metal content. The need of exactly position referenced 
measurement data can be achieved with an automated two-axis scanning system or a 
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sensor array but makes it not applicable for today’s handheld metal detectors. Therefore 
an optical position reference system, based on spatial filtering, is used. 

Optical position sensor using spatial filtering 

The basic idea of spatial filtering velocimetry is to observe the optical image of a moving 
object through a set of parallel slits. Due to the narrow band pass filtering of the slits the 
output signal u(t) of the photo detector contains a frequency f related to the object 
velocity vx. By integration of the vx we can use the spatial filtering sensor as a position 
sensor. 

Instead of the commonly used transmission grating, in our approach, structured detectors 
such as CCD (charge coupled device) and CMOS sensors are acting both as detector and 
as spatial filter. As a cost-effective and light weight version also a webcam can be used, 
which can be mounted on a handheld metal detector. We got good results in the lab but 
it’s still a lot of work to bring it into praxis. 

Object classification with use of phase loop features 

Aim of this method (that works even without a position sensor) is not the reconstruction 
of the shape, but the classification of the sensor signals to decide if it is a mine or not. 

In the typical case, where the types of mines in the field are known it is possible to use a 
database with mine signatures for an automatic object classification. The database 
contains the signatures of all mines which are to be expected in the field (a priori 
information) in several depths. These signatures are generated by lab measurements (2D-
scans of mines in air). A method using also synthetic data from a fast forward simulation is 
currently under development and could be used for a fast adaptation (depth, orientation) 
of the mine signatures in the database. 

                          

    

Fig. 11: Signatures of mine, bullet cartridge, aluminium can and a steel ball 

The automatic classification works well for mines with a sufficient metal content and we 
got also good results in uncooperative soils (soil compensation is an important part of the 
algorithm we developed). 
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A special advantage of this procedure is that an estimation of the detection probability of 
a certain mine in the present soil with help of a simple ground measurement using the 
metal detector is possible. Therefore the mine- to soil-signal ratio can be calculated for 
every mine in every depth (available in the database) and gives a good approximation of 
the maximum detection depth. 

The tests on the lanes from the JRC-Ispra (Italy) show, that the high metal mine M2B from 
the test lane was classified up to 15cm depth (that’s the maximum depth on which the 
mines in Ispra are) and all clutter Objects on this lanes where classified as not a mine. 

Difficult is the classification of low metal mines deeper then 5 cm. Therefore a higher 
signal-to-noise-ratio of the sensor signals is needed. 

Simulation of metal detectors with a domain decomposition method  

In this work package numerical methods are developed for the calculation of mine 
signatures. 

The simulation results shall serve as basis of a database which in turn serves for the 
comparison with measured signatures during a mine searching operation. The challenge in 
the numerical calculation of mine signatures of metal detectors lies in the simultaneous 
discretisation of the metal detector head and the much smaller metal parts of the land 
mines. An efficient discretisation can be achieved with domain decomposition methods. 
They subdivide the calculation domain in smaller sub-domains with different grids. For 
example, a fine grid can be chosen for the metal part of the land mine and a much 
coarser one for the rest, including the metal detector head. Both sub-domains are coupled 
with the help of interface conditions. In comparison to conventional numerical methods, a 
better accuracy for the same total number of grid points can be achieved with the domain 
decomposition method with Lagrange multipliers as it has been shown for a 2D 
electrostatic example. Next, this domain decomposition method was implemented in 3D 
for the time-harmonic magneto-quasistatic case and is now in validation. In the end, this 
program will enable to calculate the mine signatures for various mines in combination 
with different metal detectors with time-harmonic excitation. The same method can be 
applied for simulations with pulsed excitation current, too. Thus, all combinations of mines 
and metal detectors will be computable. Before mine searching, the signatures of the 
buried mines have to be calculated and saved in such a database. During the mine search, 
the measured signatures have to be compared with those of the database. If the 
measured signature is very different to the calculated ones it is sure that there is no mine 
buried and this was a false alarm. Furthermore, the resulting program can be used for 
comparison or optimisation of metal detectors. For example, the ground reference height 
can be calculated and compared without any outside influences.  
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Outlook 

By the evaluation of multivariate local referenced sensor data, a reduction of the false 
alarm rate is possible (soil compensation, classification). Especially with a priori information 
about the mine types in the field a clear lowering of the false alarm rate can be reached. 

For handheld detectors, the developed object classification methods are applicable in the 
field with the restriction, that the direct surrounding of a mine is free from metal. In 
particular bigger metal parts can conceal the signature of a neighboring mine. A method 
to detect such multi target situations is currently under development.  

The image reconstruction by deconvolution is only applicable with an automated / vehicle 
mounted system and the mines should consist of separated or bigger metal parts to give a 
shape (anti tank mines).  

Contact person: Prof. Hartmut Ewald, Prof. Ursula van Rienen, Rostock University 
 

3.2 CUTEC Institute 

CUTEC Institute GmbH works in the project HuMin/MD especially on the problems “noise 
reduction” and “classification of landmines via adapting systems” by analysing the 
signatures of common metal-detectors. 

For the noise reduction an algorithm was designed which works mainly as a pre-
processing step, whereby it acts on the decay curve of the received voltage when a time 
domain metal detector is used and on the continuous signal when a frequency domain 
metal detector is used. Otherwise this algorithm – together with other developed routines 
– can be used as a post-processing step on the spatial shape of the received signals when 
the sensor head is moved over a slice of ground, too. All these calculation steps result in a 
better signal to noise ratio (SNR) and thus in a lower false detection rate.  

For the classification of landmines a software based detection system was implemented 
which is mainly based on two, in serial connected, 
feedforward neural nets. The first of them categorizes 
the decay curve at each sensor position and the 
second one classifies the accumulated output-activities 
of the first net when the sensor head moves over a 
slice of ground. 

To visualize the results of the supporting system for 
deminers adequately an intuitive 3D-visualizing- and 
postprocessing system was developed, which user 
interface is shown right hand side. 

On the top of the interface the different possible 
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mathematical strategies to empower the signal for better results are listed. These are 
necessary to adapt to different environmental conditions and soil types. 

On the bottom the detected objects are visualised, whereby the strength of the signals are 
coded by the amplitude and the colour of the different columns. 

The classification of mines via the neural nets is now shown 
on right hand side. Here the activities of four output neurons 
are illustrated, which classify a given plain. Please note that 
every neuron represents the probability of a mine buried in 
different depth by its activity level which is also coded in 
different colours. The varying background colours of the 
neurons depend on the ratio soil-signal vs. mine-signal. 
Therefore the third neuron represents objects buried in a 
larger depth than the other neurons. 

So far the neural nets of the detection system have been conditioned with offline data 
measured on mine test fields in Ispra, Italy, and Rostock, Germany. In the future the 
system will be trained by real data measured online by using a mainstream notebook, so 
the training will be fulfilled with real local data. By this way at least a mine detection 
system will be created, which is empowered to yield an optimal adaption to local 
environmental conditions (e.g. temperature, air humidity, etc.), soil and diverse kind of 
objects. 

Contact person: PD Dr. Matthias Reuter, CUTEC Institute  

  

3.3 Saarland University 

We consider two complementing approaches to guarantee that at a specified position in 
the ground there is no buried landmine. One is based – as an intermediate step – on 
tomographic reconstructions for a visual illustration of the physical parameters (especially 
the conductivity), whereas the other tries to extract characteristic features directly from 
the measurements, which can be used for a classification. Results from both methods can 
be combined to enhance the precision of the mine detection. In this subchapter, the 
machine learning approach is presented; the tomographic approach was described in 
subchapter 2.4. 

The machine learning based approach tries to extract features from measurements which 
are suited to feed modern classification algorithms, such as support vector machines.  We 
considered two types of detectors: 

• Detectors which work in the time domain. These generate a time series at each 
measurement point. Here we considered FFT-based features and so called decay-rate 
features which follow the physical model that such time series consist of a super-
imposion of exponential decay processes. 
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• Detectors which work in the frequency domain. These provide one or two complex-
valued numbers at each point. If we get further information about the position of the 
detector we can visualize our data by mapping of the complex values to one real 
value, such as computing the real- or imaginary part. If we extract moments, such as 
statistical or Hu’s moments we discovered relations to the depth of the buried object 
or the size of the object. 

Contact person: Prof. Alfred Louis, Saarland University  

 

3.4 Fraunhofer Institute IPA 

The research activities of the Fraunhofer IPA in the project network HuMin/MD are in the 
field of signal analysis, with a special focus on the reduction of the false alarm rate with 
CW metal detectors. Different new algorithms along the whole signal processing chain 
were developed, including algorithms for automatic pin-pointing in 2d data sets, soil 
reduction, feature extraction and metal object classification.  

The automatic pin-pointing algorithm identifies regions of interest in 2d EMI data sets, i.e. 
regions that may contain a metal object. The algorithm is based on the observation that 
the signals signatures around small metal objects are highly symmetry. Therefore, the 
algorithm evaluates the symmetry in the data sets, in combination with the classical 
threshold based approach. The underlying symmetry feature was optimized for the use in 
the field of Humanitarian Demining: First, it detects the symmetry independently from the 
contrast in order to cope with different depths. Secondly, the algorithm points out the 
centre of the objects very closely. The new pin-pointing algorithm performs especially well 
in the domain of low metal mines near the noise level.  

When using a detector with multi-frequency excitation the redundancy in the different 
measurement channels can be used to reduce the soil influence. By combining different 
methods from the field of multivariate signal analysis, good results were achieved at the 
Fraunhofer IPA. A-priori knowledge about the buried objects could be considered.   

The metal object discrimination is based on the concept of characteristic 2d phase values 
that are calculated for unknown pin-pointed objects. To start from a sound basis, the 
principle capability of phase values was evaluated using spatially resolved simulated data 
sets for different spheres (using the simulation program of the Köln University). The results 
confirm that, on one hand, phase values are dependent on intrinsic sphere properties (e.g. 
radius). On the other hand, they are independent of the specific details of the setting (e.g. 
depth or offset between object and detector). Therefore, phase values are a promising 
concept for object discrimination which is in agreement with similar results of other 
research groups.  

Based on these results, characteristic 2d phase values were established that allow the 
discrimination for different simple and complex objects. In Fig. 12, results are shown for 
the simulated spheres. The characteristic 2d phase values facilitate the discrimination of 
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these objects. These features are especially well suited for small objects due to the 
enlarged spacing between the 2d phase values for small spheres. For real data sets from a 
metal detector in the field, additional considerations have to be taken for data processing 
which a described in our publications. The results for data sets from the test lane in 
Rostock are shown in Fig. 12: The characteristic 2d phase values are shown for different 
spheres as well as for different mine surrogates. Again, the different objects are well 
separated. Moreover, the calculation of 2d values is essential as any 1d projection would 
obstruct the discrimination. 

Fig. 12: Characteristic 2d phase values for simulated spheres (left) and for real data sets from the test land in Rostock (right). 

 

Contact person: Dipl.-Phys. Hartmut Eigenbrod, Fraunhofer-Institut IPA 
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4 Soil influence on Humanitarian Demining 

4.1 Leibniz Institute for Applied Geosciences (GGA) 

The influence of soil on landmine detection is the topic of the sub-project at the GGA 
Hannover. The aim is to determine the characteristics of the soil as the medium in which 
the mines are embedded. The three parameters influencing all electromagnetic detection 
techniques are the magnetic susceptibility, the electric conductivity, and the dielectric 
permittivity. Under these, the crucial one affecting metal detectors is the magnetic 
susceptibility. The three parameters are measured for soils with different textures and 
mineral contents and typical values are determined regarding the absolute value, the 
frequency dependence, and the spatial variability of the parameters in the field. Therefore, 
the data are analysed with geostatistical methods. 

In a first step, some representative soils in Germany including tropical paleosoils are 
analysed and the measuring technique is adapted to the specific purpose of determining 
small-scale heterogeneities. In a further step the analyses are expanded to uncooperative 
soils from recent tropical and subtropical regions from the whole world.  

Results 

The susceptibility of soils depends on the content of some few ferrimagnetic minerals, 
essentially magnetite, titanomagnetite and maghemite. The former two originate from the 
parent material of the soils. Contrary to expectations the formation of maghemite in the 
soils nearly always is connected to the presence of magnetite. The formation of minerals 
in the soil as often discussed in the literature appears to play a negligible role. Parent rocks 
with high content in ferromagnetic minerals are commonly alkaline volcanites such as 
many basalts or andesites. A study about the susceptibility of nearly 700 samples from 
lateritic soils from the entire tropical regions does not show a correlation between the 
weathering of the soils (the enrichment of iron) and the susceptibility. Hence, only the 
influence of the mineral compound of the parent material is visible. This also seems to be 
the determining factor for the frequency dependence. 

The spatial variability of the magnetic susceptibility showed to be high. The heterogeneity 
is caused by an irregular allocation of stones in the upper soil layer as well by the variation 
of the bulk density. Typical correlation lengths measured on soils in Mozambique are 
between 0.5 m and 1.0 m.  

The electric conductivity and permittivity show a high degree in spatial variability, too. It is 
mainly caused by an irregular soil moisture distribution connected with the aggregation 
and texture differences in the upper soil. The two electric parameters are highly influenced 
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by the vegetation whereas the vegetation does not play a notable role when regarding the 
magnetic susceptibility. 

Outlook 

The information about the mineralogical bases of the susceptibility helps to perform a 
classification of soils and their parent material concerning the demining demands. When 
the cause of the magnetic soil properties is clarified, a soil map or geological map can be 
used for the planning of a demining operation. 

The spatial variability of the physical soil parameters has a negative effect on target 
detection with metal detectors, especially when paired with high magnetic susceptibilities 
and frequency effects. If spatial correlation is poor, the soil compensation will only hold 
true for the location where a detector has been calibrated. Some few metres or –  if the 
worst comes to the worst – even a few decimetres apart, an other calibration may be 
necessary and thus mine detection will become a very difficult task at such a location. 

Moamba, Susceptibility (10 x 10 m)
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Fig. 13: Susceptibility on a soil in Moamba, Mozambique: Photo of the location, spatial distribution and variogram. 

 

Contact person: Dr. Thomas Wonik, Leibniz Institute for Applied Geosciences (GGA) 

 



 
 

 

 Midterm Summary – HuMin/MD
Date: 30.9.2006 / Version: 1.0 22

5 Optimisation of measurement techniques 

5.1 Fraunhofer Institute IZFP 

Local 2D/3D imaging, novel signal analysis techniques and optimised measurement 
techniques are the main fields of the research in the project network HuMin/MD. The 
starting point of the research activities is based on 3 metal detectors (MD) from German 
suppliers Foerster, Ebinger and Vallon as a representative state of the art. 

The objective of the sub-project Fraunhofer IZFP is to provide the HuMin/MD network 
partners with the real reference data of the eddy current metal detectors to application of 
numerical analysis and interpretation techniques and to support with comprehensive 
know-how on the field of eddy current measurement techniques. 

In order to allow the maximal information content, the PC-based data acquisition (DAQ) 
system has been realised which digitises and saves the raw (unprocessed) measurement 
signals from metal detectors:  

• MD Foerster Minex 2FD 4.500 with 2-frequency sinusoidal eddy current excitation: 
Real and imaginary parts of the demodulated search coil voltages at both operating 
frequencies 2.4 kHz and 19.2 kHz, simultaneously with the signal from the original 
device processing. The effective bandwidth if the acquired signals is lower than 100 
Hz. 

• MD Ebinger Ebex 421GC with pulsed eddy current excitation: pre-amplified transient 
signal of the search coil. 

• MD Vallon VMH3 with pulsed eddy current excitation: pre-amplified transient signal of 
the search coil, simultaneously with the signal from the original device processing. 
 

Especially to realise a high-resolution acquisition for fast transient signals from pulsed eddy 
current devices (Ebinger and Vallon), high speed digitising with 800 kSamples/s at 16 bit 
resolution has been applied in the implemented DAQ system. The realised DAQ software 
allows even long-term measurement actions, saving all digitised signals (up to 8 MB/s data 
stream) without interruptions. 

In addition, an alternative measurement approach has been realised by connection of the 
search coil from Foerster MD to the modern eddy-current device from Fraunhofer IZFP. 
The most important advantage of this experimental arrangement is that applied eddy-
current device (designed for industrial applications of non-destructive testing) operates at 
up to 4 variable frequencies (instead of 2 fixed frequencies at the Foerster MD). In this 
way, an efficient multi-frequency approach can be realised in order to increase the 
information content of the signal and consequently to develop more efficient and robust 
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processing techniques for the metal detection: minimisation of the soil influence, 
separation by metal type, etc. 

Using the implemented DAQ system, coordinate-referred measurement data sets are 
produced during measurement campaigns on the demining test field at European JRC in 
Ispra, Italy. These reference data sets are provided for use by the HuMin/MD network 
project partners as input data for developed signal processing and/or imaging algorithms.  

Contact person: Dipl.-Ing. Andre Yashan, Fraunhofer-Institut IZFP 
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6 List of publications and presentations 

The following list of publications covers the work of the institutes in the project network 
HuMin/MD. The institutes are listed in alphabetical order. Further details on the 
publications and presentations can be obtained from the authors. 
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