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SUMMARY
Helicopter-borne electromagnetic (HEM) surveys reveal the spatial conductivity distribution in the subsurface. For instance, they are applied to groundwater or mineral exploration. As the HEM footprint, i.e., the lateral resolution capability of the HEM system, is rather small, smooth conductivity structures are close to 1-D settings and 1-D inversion of
HEM data is widely used. However, conductivity structures with strong lateral variations (induction anomalies) are not
reproducible by standard 1-D inversion procedures and require multidimensional modeling. Thus, the information where
such induction anomalies occur in a HEM data set is crucial. Since HEM surveys accumulate huge amounts of data, an
automated detection of these anomalies is preferable. We present a new search algorithm for identification, selection, classification, and extraction of induction anomalies in HEM data sets. 2-D grids of the logarithmic apparent resistivities are
produced and utilized as input for several image processing methods to extract the induction anomalies present. The identified induction anomalies are classified using region-based shape descriptors which are known from image processing.
The search algorithm is tested on a case study on real HEM data.
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INTRODUCTION
Helicopter-borne electromagnetics (HEM) is an effective
method for investigating the spatial conductivity distribution in the subsurface, e.g., for groundwater or mineral
exploration. Since the lateral resolution capability of an
HEM system, i.e., the footprint, is limited (e.g., Tølbøll &
Christensen, 2007) conductivity structures with small lateral variations are close to 1-D settings and it is often sufficient to apply 1-D inversion methods in those areas. Furthermore, advanced 1-D inversion methods improve the 1D inversion results by taking neighboring data points and
additional information from further measurements into account (Siemon, Auken, & Christiansen, 2009; Viezzoli,
Christiansen, Auken, & Sørensen, 2008). However, conductivity structures with strong lateral variations, in the
following referred to as induction anomalies, are not reproducible by standard 1-D inversion procedures and require multidimensional modeling. Cox, Wilson, and Zhdanov (2012) developed a smooth 3-D inversion for airborne electromagnetic data using a moving footprint technique. But a multidimensional inversion of an entire HEM
survey is still not state of the art since HEM surveys accumulate huge amounts of data.
Our idea is to combine 1-D inversion and 3-D modeling
of HEM data. We want to restrict the 3-D modeling to
regions where 1-D inversion is not able to produce acceptable resistivity models. The challenging task is to
define those areas where 1-D inversion fails. Therefore,

a search algorithm is developed to browse the HEM data
sets to identify those induction anomalies. 2-D grids of
the logarithmic apparent resistivities are used as a starting
point for the search algorithm. Then, several image processing methods (Richards, 1986; Canny, 1986; Sonka,
Hlavac, & Boyle, 1993) are applied to automatically identify, select, classify, and extract the induction anomalies
present. The search algorithm is tested on a case study on
real HEM data, which were collected during a HEM survey near Cuxhaven (Germany) in 2000 covering an area
of 530 km2 (Siemon, Eberle, & Binot, 2004). The geological setting at this site contains a buried valley, the
Cuxhavener Rinne, which is filled with glacial sediments.
Due to the conductivity contrast between the clay layer in
the buried valley and the surrounding material, the Cuxhavener Rinne clearly appears on conductivity maps as a
SSW-NNE running structure (Figure 1). For the identified
anomalies a 3-D modeling will be carried out.
METHODOLOGY
Our goal is to find conductivity structures with strong lateral variations in HEM data sets. The quantity to be measured in HEM, the secondary magnetic field, however, is
strongly dependent on altitude variations (Sengpiel, 1983;
Siemon, Steuer, Ullmann, Vasterling, & Voß, 2011) it is
not possible to use it directly for the search of induction
anomalies. Therefore, the measured secondary field data
are transformed to the half-space parameter apparent resistivity ρa (Siemon, 2001) as it is much less altitude de-
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pendent (Sengpiel, 1983). For each measuring frequency,
2-D grids of the logarithmic apparent resistivities are produced using natural neighbor interpolation (Sibson, 1981).
According to Siemon (2009) the cell size is chosen of the
order of a quarter of the line spacing, here 50 m.

and a multidimensional modeling can be carried out a certain area containing the induction anomaly of interest is
defined. This area serves as a quasi 1-D host required for
multidimensional modeling. In it, all areas with identified anomalies are enlarged about the size of two footprints (here 200 m) in order to get anomaly-free boundaries. Masking out all enlarged anomalies in the quasi
1-D host, a 1-D background field can be calculated from
the remaining averaged half-space parameters. This background field Zn and a quasi 1-D field Zq1D valid for the
1-D host without anomalies is used to transform the measured secondary field data Z according to

Znft =

Z
Zn ,
Zq1D

(1)

where Z = R+iQ, with R, Q - in-phase and out-of-phase
component of Z. A 1-D background model required for
multidimensional modeling is derived from Zn using standard 1-D inversion procedures.
RESULTS

Figure 1. Apparent resistivity at f = 1830 Hz (color-bar
see Figure 4). The blue box marks the area of
further interest.

The search algorithm is applied to the HEM data set Cuxhaven for a selected area (see blue box in Figure 1). The
identified induction anomalies are shown in Figure 2. It
is seen, that both edges of the Cuxhavener Rinne are detected successfully by the search algorithm.
0

The resulting binary images for the data sets of every frequency are summed up to show anomalies present in more
than one frequency. Thus, all information about existing
induction anomalies is used together coming from different depths, i.e., different measuring frequencies. The
identified induction anomalies are classified by regionbased shape descriptors. Using the k-means algorithm
(Lloyd, 1982) to group the three shape descriptors compactness, eccentricity, and elongatedness, the induction
anomalies are divided into 2-D and 3-D structures, in
which the 3-D structures are differentiated into circular,
oval, or elongated shapes.
Before the data can be extracted from the HEM data set
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These 2-D grids serve as input for the search algorithm.
As we are interested in finding conductivity structures
with strong lateral variations the total horizontal gradient
of the apparent resistivities is calculated using convolution. This means that strong lateral variations correspond
to strong total horizontal gradients. A statistical analysis
of the 2-D ρa grid values is used to select strong gradients only. Areas with identified induction anomalies are
marked by a value of one. All other positions are set to
zero and are no further of interest for multidimensional
modeling. As we are applying image processing methods
the processed 2-D grids are referred to as images.
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Figure 2. Detected induction anomalies in the selected
area. The red box marks the area where the
3-D modeling will be carried out.

Figure 3 displays the result of the classification of the detected induction anomalies in four different classes (“2D”, “3-D circular”, “3-D oval”, “3-D elongate”). Both
edges of the Cuxhavener Rinne are classified as 2-D structures.

Ullmann et al., Automatic detection and classification of induction anomalies in HEM data sets
ρa [Ωm]

3-D circ. 3-D oval 3-D elon.

2-D

1

3

7

15

25

40

65

100

200

2000

5962
5958

5960
5957

y [km]

y [km]

5958

5956

5956

5955

5954

5952

5954

f=1830 Hz
477

5950

474

476

478

480
x [km]

482

484

Figure 3. Classified induction anomalies in the selected
area.
A 1-D background model required for the 3-D modeling
of the Cuxhavener Rinne in the defined area (see Figure 2)
is calculated from averaged half-space parameters. Therefore, the buried valley has to be masked out in the 2-D
grids of the half-space parameters. The detected left and
right edge of the Cuxhavener Rinne are combined to define the area where the buried valley is masked out in the
2-D grids. Figure 4 exemplary shows a ρa grid before the
operation.
ρa [Ωm]
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Figure 5. 1-D background model for the quasi 1-D host
containing the buried valley pictured by apparent resistivity at f = 1830 Hz.
With the transformed secondary field data and the derived
1-D background model a 3-D modeling of the Cuxhavener
Rinne can be carried out.
CONCLUSION
The newly developed search algorithm is able to automatically identify, select, classify, and extract induction
anomalies in HEM data sets. The method is successfully
tested on real HEM data, which were collected during a
survey near Cuxhaven (Germany) covering a buried valley, the Cuxhavener Rinne. The conductivity contrast between the sediments in the buried valley and the surrounding material induce induction anomalies on the edges of
this geological body. They are detected and classified as 2D structures by the search algorithm. The results are used
to derive a 1-D background model and a transformed data
set required for 3-D modeling of the Cuxhavener Rinne.
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