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DESCRIPTION

[0001] The present invention relates to a method for characterizing a metallic interference 
mass that lies concealed under a ground surface, for detecting unexploded ordnance.

[0002] Various approaches are known from the prior art for detecting electrically conductive 
objects that lie concealed under a ground surface. In this connection, methods and devices for 
detecting unexploded ordnance constitute application fields of particularly high importance. In 
the context of the present invention, unexploded ordnance is understood to primarily include 
duds and fractured bombs or so-called partially detonated explosive shells, mines, and aerial 
bombs, dropped munitions, or torpedoes; all of the above-mentioned groups can pose 
considerable risks to people and the environment even after many decades.

[0003] Among other things, approaches for inducing electromagnetic pulses have proven 
useful as means for locating metallic objects and along with them, even non-ferromagnetic 
objects, since these approaches are superior in essential points to a purely magnetic probing. 
In unexploded ordnance detection of this kind, electromagnetic pulses are transmitted into the 
ground by means of an excitation coil in an exact area that is generally determined by means 
of geo-coordinates. A receiver unit then measures an electromagnetic pulse response that is 
emitted due to eddy currents in metallic objects in reaction to an electromagnetic excitation 
pulse.

[0004] In order to suppress surface interference of the receiver unit and also to achieve a 
greater proximity to a suspicious object under the surface of the ground, it is known from EP 0 
780 705 B1 among others to lower the receiver unit into a bore hole. The bore hole is sunk to a 
level that corresponds to a depth of the metallic interference mass beneath the surface of the 
ground. To this end, it is necessary to determine a precise position of each interference mass 
or suspicious object as well as its depth beneath the surface of the ground in advance by 
means of known methods.

[0005] The object of the present invention is to create a method to further improve the 
detection possibilities with the goal of a more detailed characterization of a metallic 
interference mass for a reduced expense.

[0006] This object is attained according to the method of claim 1. In other words, the invention 
proposes a combined method composed of electromagnetic excitation at the ground surface in 
combination with a chronological evaluation of magnetic reaction signals in the three spatial 
axes that are orthogonal to one another in order to arrive at clearer conclusions regarding a 
shape and orientation of a suspicious object in the ground. In this connection, measuring a 
response signal as a magnetic field is an excellent approach because it yields a very sensitive 
detection specifically of a decay behavior of the response signal. In this case, the decay 
behavior of the response signal is subsequently used particularly for characterizing the 
interference mass and is therefore particularly important. Various approaches that use 
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magnetometers in bore holes are known from the prior art, for example from Kord Ernstson: 
"Dreiachs-Magnetometer: Was bringen sie bei der Bohrloch-Sondierung in der 
Kampfmittelortung? Three-axis magnetometers: What do they contribute to borehole sounding 
for explosive ordnance detection?",Ebinger News - Aktuelles Forum für innovative 
Suchtechnologie, 1 February 2015 (2015-02-01), pages 1-21; or from WO 1990/001104. This 
last reference, however, only discloses applications for ongoing measurement of the progress 
of a bore hole, which is used to steer an ongoing drilling through subsoil. According to the 
invention, however, an external electric excitation is used to characterize an object that is 
basically known with regard to its position and depth, with the aim of distinguishing between a 
piece of unexploded ordnance and a largely non-hazardous metal part.

[0007] Advantageous modifications are the subject of the respective dependent claims. 
Accordingly, in one preferred embodiment of the invention, before a measurement cycle, a 
compensation step is performed in which the results of a measurement of the triaxial 
magnetometer are determined with the excitation loop switched off. In order to achieve a 
zeroing in a compensation element, these results are stored, in particular at least for the 
duration of this measurement cycle, for consideration in the measurement results. A 
measurement procedure can thus include numerous individual measurements, particularly in 
order to reduce the influence of interference on an overall result.

[0008] Preferably, the measurement procedure is repeated at various depths of the bore hole. 
In this case, depths both above and below the presumed depth of the metallic interference 
mass are set and their measurement values are used. Preferably, these measurements are 
repeated at a plurality of fixed intervals.

[0009] According to the invention, at least three bore holes are sunk into the ground surface 
close to the position of the metallic interference mass. When three bore holes are used, they 
form an equilateral triangle relative to one another. In this case, the position of the metallic 
interference mass is located at the centroid of the triangle. Subsequently each of these bore 
holes is measured in the same way. Comparable geometric configurations are generally 
produced when there are more than three bore holes.

[0010] According to preferred embodiments of the invention, a maximum of the shortest 
distance of the bore hole from the position of the metallic interference mass on the ground 
surface is approx. 200 cm. But with a minimum distance of approx. 100 cm from the position of 
the metallic object, it is preferable to calibrate a distance of the bore hole from the object of 
approx. 120 to approx. 150 cm on the ground surface.

[0011] A distance of the position of the metallic interference mass from an outer edge of the 
excitation loop at the ground surface is advantageously selected, which corresponds to the 
depth of the position of the metallic interference mass under the ground surface. It should be 
noted that because of accretion processes or accumulations, depth levels of the metallic 
interference mass of approx. 15 m can be reached, which are far beyond the original 
penetration depths of even heavy aerial bombs, which can be from approx. 2 m to approx. 5 
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m. The excitation coils that have to be used also turn out to be correspondingly large; as a 
rule, coils with side lengths of approx. 7 m x 7 m to approx. 20 m x 20 m are used. Square 
basic shapes are preferred, among other things due to the symmetries in the resulting field; it 
is also possible, though, to use rectangular coil shapes, for example.

[0012] Advantageously, the excitation of the metallic interference mass is carried out by means 
of induction in different spatial directions that are orthogonal to one another if possible for a 
complete illumination or excitation of the space under the ground surface in the vicinity of the 
metallic interference mass. This is achieved through a corresponding orientation of the primary 
field based on a different arrangement of a flat excitation loop resting on the ground surface. 
Preferably, three different configurations of the excitation loop are laid out and measured, as 
described in greater detail below based on exemplary embodiments with reference to the 
drawings.

[0013] In an embodiment, the process of measurement within a bore hole is repeated without 
any changes in the arrangement of the excitation loop for the other bore holes as well, where 
special care is taken so that the orientation of the sensor within the arrangement always 
remains the same over the process of measurement of the different bore holes. Thus, once 
calibrated, the coordinate system of the triaxial magnetometer remains unchanged, with no 
rotation throughout all of the measurements of an interference mass in that a corresponding 
marking on the sensor is used for a visual check of the position of this marking during the 
insertion of sensor into a new bore hole. In an alternative embodiment, the coordinate system 
of the triaxial magnetometer remains unchanged even during insertion into another of said 
bore holes in that a mechanical guidance in the form of a groove or some other guide is used 
during the insertion of sensor into a new bore hole.

[0014] The above-described method can be used with a correspondingly embodied device for 
characterizing metallic objects lying deep under a ground surface, where a position and depth 
of such a metallic interference object has been detected in advance using other geophysical 
procedures and methods. The purpose of a characterization by means of a method according 
to the invention is to determine - based on information about an object size, object shape, 
material properties, and wall thickness and/or metal mass - whether or not the respective 
interference object is suspicious from an unexploded bomb standpoint. Furthermore, a device 
in the form of a system can also be used for detecting objects.

[0015] Other features and advantages of embodiments according to the invention will be 
described in greater detail below with reference to exemplary embodiments based on the 
drawings. In the schematically depicted drawings:

Fig. 1:
is a system overview of a first exemplary embodiment, divided into a transmitting side 
and a receiving side;

Figs. 2a - 2c:
show different arrangements of an excitation loop at the ground surface relative to an 
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anomaly point and the correspondingly arranged bores und
Fig. 3:

shows a three-dimensional view for explaining a measurement method according to the 
invention through the use of a bore hole and

Fig. 4:
shows a view according to Fig. 3 for showing a known measurement method.

[0016] Throughout the various drawings, the same reference numerals are consistently used 
for the same elements or method steps. Without limiting the invention, only one use for 
characterizing anomalies or other metallic bodies will be illustrated and described below. It is 
clear to the person skilled in the art, however, that in the same way, an adaptation can be 
carried out to permit uses in raw material explorations, for a positioning of cables and 
pipelines, or for archaeology.

[0017] Fig. 4 is a three-dimensional view depicting a known measurement method, which is 
used to localize a conductive metallic interference mass S, which lies concealed under a point 
P at a depth T under a ground surface BO. Around this point P, a rectangular conductor coil Tx 
is laid, through which a pulsed current l(t) flows. Since each flowing current l(t) is surrounded 
by a magnetic field H(t) that spreads out in space but is only suggested here for the sake of 
clarity, the metallic interference mass S is also penetrated by a part of the magnetic field. If the 
flowing current l(t) is switched off very abruptly in order to produce a current pulse, then 
decaying eddy currents in the metallic interference mass S produce an electromagnetic pulse 
response A(t) that can be measured at the ground surface BO by means of a receiver loop Rx. 
Based on a three-dimensional shape of the electromagnetic pulse response, a response 
signal, which can be measured in the receiver loop Rx, depends on a respective location of the 
measurement at the ground surface BO. Thus, many different areas at the ground surface BO 
are covered by the receiver loop Rx in the indicated way and measured in accordance with the 
above-described method.

[0018] As a result, with a known method according to Fig. 4, a region of a maximum strength 
of the pulse response A at the ground surface BO can be determined. It is thus possible to 
draw conclusions about a size and rough outer contour of a metallic interference mass S, i.e. 
to distinguish between a round, oblong, or curved object.

[0019] It is also known, with the goal of a reliable characterization of a metallic interference 
mass S, to make a recording of electromagnetic pulse responses A, for which purpose a bore 
hole B is sunk to the depth T at a distance d from the point P on the ground surface BO in 
order to thus bring a receiver loop Rx as close as possible to the metallic interference mass S. 
Simply by virtue of the greater proximity, it is thus possible to receive more powerful 
measurement signals from a pulse response. In addition, surface interference of the kind that 
is generally produced by even small metal parts is prevented from affecting the 
electromagnetic pulse responses. Apart from this, the principle is the same as described above
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with reference to the drawing in Fig. 4.

[0020] In one exemplary embodiment of the invention shown in Fig. 3, however, a receiver 
loop Rx is not lowered into the bore hole B, but rather a fluxgate triaxial magnetometer, 
hereinafter referred as the magnetometer Μ. To be precise, it has turned out that the magnetic 
components of the pulse responses A are in fact weaker than their electric components, but 
the magnetic components of a pulse response A(t) are more informative when it comes to 
evaluating their chronological decay curves with a view to characterizing a respective metallic 
interference mass S.

[0021] It is particularly advantageous, therefore, that in the exemplary embodiment of the 
invention according to Fig. 3, instead of using a receiver coil Tx that can in principle only carry 
out one-dimensional measurements as the measurement tip, a triaxial magnetometer Μ for 
measuring the electromagnetic pulse responses A is inserted into the bore hole B. 
Consequently, three measurement results in the form of chronological progressions of the 
pulse response A are obtained simultaneously in the three spatial directions x, y, z at each 
respective depth level. It is thus possible to use different signal sequences in the three spatial 
directions in order, through a corresponding evaluation, to draw conclusions as to a three- 
dimensional shape of the metallic interference mass S with the aim of a more reliable 
characterization.

[0022] Fig. 1 shows an overview of a system according to an exemplary embodiment, spatially 
divided into a transmitting side and a receiving side. According to it, the transmitting side has a 
generator Gen, which is connected to a regulatable power supply unit NT for producing a 
current I of approx. 100 A to 250 A at a voltage U of between approx. 15 V and approx. 30 V. 
Voltages of less than 20 V to approx. 15 V are routinely used at currents of less than 180 A, 
preferably 165 A to 170 A. Consequently, a generator power should be at least 10 kWin order 
to be able to provide a stable supply of the desired output values via the power supply unit NT.

[0023] The power supply unit NT is connected to a pulse generator IG, which at the prompting 
of a control unit Crtl, produces current pulses l(t) and feeds them into the transmission loop Tx. 
In order to avoid interference due to the prevailing commercial power frequency of 50 Hz in 
Central Europe and the 16 2/3 Hz used in German rail traction current prevailing, in this 
exemplary embodiment, a standard frequency or basic frequency of the current pulses l(t) of 8 
1/3 Hz is used. At a commercial power frequency of 60 Hz, a standard frequency of 6 1/4 Hz is 
preferable. Positive and negative current pulses are produced, with an observation time 
window between the current pulses. This observation time window is approximately three times 
as long as one of the current pulses. To eliminate so-called dirt effects, the first and last 
approximately 10% of a pulse response signal A(t) in the observation time window are not 
inspected or evaluated, as indicated by dashed lines in the graphs of Fig. 3.

[0024] Adjustments in the amperage I and/or the voltage U that is applied to the transmission 
loop Tx are carried out on the receiver side as part of a setup before initial operation of the 
measuring device. It is therefore important to produce current pulses l(t) with the clearest 
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possible edge progressions, i.e. no overshoots occur in the region of the sharpest or most 
abrupt possible pulse edges.

[0025] The first component on the receiving side of the device is a receiver Rx in the form of a 
triaxial magnetometer Μ. As part of the receiving side of the above-described measurement 
system, the magnetometer Μ is coupled to the transmitting side via the pulse response A of 
the metallic interference mass S, which is emitted due to the excitation by means of current 
pulses l(t) of the transmitting side. In addition, the magnetometer Μ in the bore hole B is 
enclosed by the transmission loop Tx as a component of the transmitting side. This situation is 
indicated by the dotted line enclosing the transmission loop Tx and the magnetometer Μ in the 
bore hole B, although these spatial and functional couplings have been omitted from the 
graphic depiction to facilitate description of the transmitting side and receiving side.

[0026] The magnetometer Μ detects a spatial direction of a magnetic pulse response A(t) at 

each respective depth level Τ±α*Δ  - where in this exemplary embodiment a assumes 
maximum integral values of from 2 to approximately 5. The magnetic pulse response A(t) is 
measured with a respective chronological decay behavior by reduction in the three spatial 
directions x, y, z. The magnetic pulse response A(t) of a metallic interference mass S is 
consequently not only a function of time, but also a function of space due to the three- 
dimensional shape of the metallic interference mass S and the three-dimensional shape of the 
electromagnetic fields. In principle, therefore, as many measurements as possible should be 
carried out at different depths or depth levels. For reasons of practical feasibility, though, only 

depth levels of T ± a * Δ are covered in a respective bore hole B, in this case where a = 0 to 3; 
generally speaking, preferably only 3 depth measurement points at intervals with a Δ of 
approximately 20 cm to approximately 100 cm - but in this case, preferably at a spacing value 
Δ of 50 cm - are covered with measurements arranged symmetrically around an estimated 
depth T of the metallic interference mass S. In this example, in a bore hole B of at most 1.5 m 
above and 1.5 m below an estimated depth T of the metallic interference mass S, 
measurements of a decay behavior of the magnetic pulse response of the interference mass S 
are taken in three axes.

[0027] The magnetometer Μ is connected to a compensation element K via a supply- and 
measurement line. This compensation element K is particularly important for a qualitatively and 
quantitatively high-quality measurement that is to be carried out because it executes a 
compensation to tune out the magnetic influences of the environment including the earth's 
magnetic field, the interference mass S itself, and the surrounding electrically conductive 
components such as the excitation or transmission coil Tx, as distortions or corruptions of the 
measurements. To determine the respective compensation values in all three spatial axes x, y, 
z while the excitation switched off and the currentless excitation loop Tx is at the respectively 

set depth level T ± α * Δ, the stationary measurement signals of the magnetometer Μ in the 
bore hole B are determined and stored for subsequent measurements at this depth level. The 
actual measurement values are subsequently displayed, taking into account these respectively 
measured compensation values. To eliminate stochastic interference, for each measurement 
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position or depth, the method also passes through and measures many periods of excitation 
pulses. Even with approx. 100 periods, this only consumes a small amount of system time.

[0028] Connected to the compensation element K, a measurement signal converter A/D is 
provided, which essentially carries out a digitization of the signals of the three spatial 
directions, which have up to this point been processed in analog fashion. For synchronization 
purposes, the measurement signal converter A/D is also connected to a geo-stationary 
coordinate system, in this case GPS, which is indicated here by means of a GS satellite, to 
which the control unit Crtl on the transmitting side is also connected. In this way, a transmission 
of current pulses on the transmitting side and their evaluation on the receiver side are 
synchronized with each other exactly. The measurement signals that have now been digitized 
by the measurement signal converter A/D are supplied to a software SW for processing and 
evaluation. The respective results are stored in a database DB along with at least the geo­
coordinates of the bore hole B and respective depth information or measurement height. The 
acquired data are thus safely stored and available at any time for subsequent evaluation and 
further use.

[0029] The drawings in Figs. 2a - 2c show different arrangements of an excitation loop Tx at 
the ground surface BO relative to an anomaly point P and correspondingly arranged bores B. A 
reliable characterization of the metallic interference mass S requires a high data quality. In 
principle, the metallic interference mass S must be excited and detected from as many 
directions as possible in order to achieve this. In order to minimize the measurement 
complexity, among other things, the metallic interference mass S is excited in three directions 
in three separate steps. Optimally, the three directions of the excitation are all perpendicular to 
one another like the directions of the three edges that meet at the corner of a cube. In an 
approximation that is good enough from a practical standpoint, this is achieved by means of 
the position and geometry of the transmission loop Tx as described below. The 
electromagnetic field moves in roller fashion around a cable of the current-carrying 
transmission loop Tx, as shown in Fig. 3. It is thus possible to produce electromagnetic 
excitations under the ground surface BO, with a pronounced emphasis, generally in one of the 
respective spatial coordinates x, y, z.

[0030] Consequently, if the ground surface BO above the anomaly P does not restrict the 
design of the transmission loop Tx - e.g. due to development etc. - making a regular design of 
the transmission loop Tx impossible, then this special excitation can largely be achieved by 
means of standard arrangements of the transmission loop Tx that are described below with 
reference to an exemplary embodiment of the invention, for example by means of the two 
illustrated shifts out of the standard configuration.

[0031] In addition, the three bore holes B here form an equilateral triangle with the anomaly P 
at the center point. It is thus possible to optimally detect the magnetic field. To acquire 
additional data, however, - without this being separately discussed in further detail here - it is 
also possible to use four, five, or even more bore holes while maintaining the below-indicated 
criteria of the position relative to the position P and the depth T of the interference mass S.
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This is particularly advisable in the case of a metallic anomaly or metallic interference mass S 
extending over a large area. This can be a formation composed of a plurality of individual 
interference masses Si through Sj, whose potential hazard should preferably be clarified 

individually by means of the described method.

[0032] When using the proposed method, the position P at the ground surface and the depth T 
of the interference mass S must be known. This information is taken, for example, from the 
evaluation of a prior conventional triaxial measurement, e.g. a measurement using a 
gradiometer or bore hole radar. Based on this, spaced 120 to approx. 150 cm from the 
interference mass S or its position P on the ground surface BO, positions are calibrated for the 
bore holes B, in this case, three of them. In an optimum possible arrangement around the 
position P of the anomaly, the bore holes B form an essentially equilateral triangle with one 
another. In this instance, the position P of the metallic interference mass S is located 
approximately at the centroid of this triangle.

[0033] The bore holes B here are sunk and cased with diameters of approx. 2.5" in a range - 

indicated above by way of example - of deeper than T + 3*Δ  in order to be able to 

subsequently also carry out a measurement at a depth of T + 3*Δ  in a PE- or PVC pipe serving 
as a temporary liner for the bore hole B, i.e. significantly below the suspected depth level T of 
the interference mass. The magnetometer Μ is lowered to this point in order to be able to 
obtain measurement values in all three spatial axes at various depths and at correspondingly 
changed angles and distances relative to the metallic interference mass S.

[0034] Then pegs O are placed as indicated in the drawing in Fig. 2a to form a square, with 
the position P of the metallic interference mass S at the ground surface BO situated at the 
center point, as an aid for laying the transmission loops Tx. The side length L of this square 
corresponds to twice the depth level T of the metallic interference mass S. A distance a of the 
position P of the metallic interference mass S from the transmission loop Tx laid around the 
pegs O corresponds to the depth level T of the metallic interference mass S.

[0035] The transmission loop Tx is then laid on the ground surface BO using various 
arrangements so that the interference mass S is excited from three directions that are as 
different from one another as possible. To that end, in a first measurement arrangement i, the 
transmission loop Tx therefore lies in the form of a square around the pegs O. This is a kind of 
basic configuration of the transmission loop Tx in which at a current flow I in the vicinity of the 
position P, an excitation field is generated, which is oriented along the z coordinate. This is 
followed by two other arrangements ii, iii of the transmission loop Tx that are produced by 
means of lateral shifts or displacements starting from this basic configuration; these will be 
described below with reference to the drawing in Fig. 2a.

[0036] In order to be able to carry out the actual measurement, a magnetic sensor or 
magnetometer Μ is lowered into a bore hole B and detects a respective pulse response A of 
the interference mass S with its chronological progression in all three spatial axes x, y, z in the 
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bore hole B. This measurement is repeated in various so-called measurement stations starting 
from the depth T at depth intervals Δ of approx. 50 cm in the bore hole B so that with two or 
three measurements above the depth level T and two or three measurements below it, this 
yields a total of five or seven measurements, each with three time progressions according to 
the spatial axes x, y, z of the pulse response A of the interference mass S in a bore hole for 
each loop configuration.

[0037] This process is repeated without any changes in the arrangement of the excitation loop 
Tx for the two other bore holes B as well. In this instance, a measurement table that is not 
shown in detail is moved to the next bore hole B together with the sensor Rx and the triaxial 
magnetometer Μ. In so doing, special care is taken so that the orientation of the sensor Rx 
within the arrangement always remains the same - in other words, once calibrated, the 
coordinate system of the triaxial magnetometer Μ remains unchanged, with no rotation 
throughout all of the measurements of an interference mass S. In particular, it must not be 
rotated because otherwise, x and y values, for example, can become so distorted that they are 
no longer usable. A corresponding marking on the sensor is helpful here, it being necessary to 
always visually check the position of this marking during the insertion of a sensor rod into a 
new bore hole B. In order to avoid errors through advance planning, this inspection can 
naturally be replaced by a mechanical compulsory guidance in the form of a groove or some 
other guide, etc.

[0038] After the three above-described measurement cycles with the above-described 
measurement arrangement and configuration of the excitation loop Tx, this square of the 
excitation loop Tx is moved as a unit from the above-described position to the right around the 
position P of the interference mass S and finally downward. The up to 3 x 7 measurements are 
repeated in each of these two additional positions and/or configurations ii, iii of the excitation 
loop Tx.

[0039] If space conditions are unfavorable, i.e. particularly if there is not enough free space 
available for the above-described movement of the square excitation loop Tx around the 
position P of the interference mass S, then preferably a so-called figure-eight loop is used, as 
outlined in Fig. 2b. In this case, the lateral edges are bisected and provided with additional 
auxiliary pegs from which two branches tx of the excitation loop Tx - through which the flow 
passes always in the same direction - pass directly over the position P of the interference mass 
S. The excitation of the interference mass S then takes place essentially perpendicular to the 
branches tx in the x-y plane.

[0040] As shown in Fig. 2c, then across the same area marked by pegs 0, after a z-loop is 
used in a measurement step i according to Fig. 2a, two figure-eight loops ii and iii are used in 
subsequent measurement steps, which loops are constructed so that they are pivoted by 90° 
relative to each other. This produces three measurement arrangements i to iii, even when 
space conditions are cramped or restricted, in order to excite the interference mass S to obtain 
more informative results in three directions that are as different from one another as possible 
by means of a pulse induction method.
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[0041] In order to obtain a high data quality, it is also necessary to ensure that distortions are 
avoided to the greatest extent possible. This purpose is served by the adjustment of a 
compensation element K. The method for adjusting the compensation element K is carried out 
as follows: Before a measurement cycle, a compensation step is carried out, whose result is 
stored in a compensation element K at least for the duration of this measurement cycle. In this 
instance, the preceding compensation step is carried out in that the results of a measurement 
performed while the excitation loop Tx is switched off are determined and these results are 
used for zeroing or zero adjustment of the measuring device that is used for carrying out the 
actual measurement. To that end, in one exemplary embodiment of the invention, these zero­
measurement values are stored in the compensation element K - at least for the duration of 
this measurement cycle - in order to be taken into account no later than in the evaluation of the 
measurement results. This compensation step is preferably also repeated for each step of a 
depth measurement in one and the same bore hole B.

[0042] In all of the above-described exemplary embodiments, the measurement results are 
conveyed out of the respective bore hole B and are prepared by a software SW in a data- 
processing system that is not shown in detail. As the result of an evaluation, it is possible to 
take into consideration the progression of components of a pulse response Ain the direction of 
the X-, y-, and z-axes over five to seven measurement depths. Based on these measurement 
results, it is possible to draw conclusions about a position of the interference mass S in three- 
dimensional space and about possible symmetries relative to any axis extending in space. It is 
thus possible to check length/diameter ratios, which in addition to estimates of a length and 
thickness of an interference mass S, also constitute essential indices for the characterization of 
an interference mass S as unexploded ordnance; in particular, unexploded ordnance are 
usually oblong bodies that are rotationally symmetrical to this longitudinal axis.

List of reference numerals

[0043]

A
electromagnetic pulse response

B 
bore hole

BO
ground surface

S 
metallic interference mass

P
position of the interference mass S at ground surface BO

a
minimal distance between position P and excitation loop Tx
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d
distance between bore hole B and position P 

T
depth of the interference mass S under the ground surface BO 

Tx
transmission loop I excitation loop 

Rx
receiver

Μ
magnetometer

Δ
depth step in a measurement in one of the bore holes B

L
length of a lateral edge of the transmission loop Tx

l(t)
chronologically changing current flow / current pulse

U(t)
measured voltage

H(t)
measured magnetic flux of the pulse response A in B

W
eddy currents induced in the metallic interference mass S 

Gen
generator 

IG
pulse generator

Crtl
control unit

GS
geo-coordinate system (GPS) 

K
compensation element

A/D
measurement signal converter

SW
software I data processing of digital measurement signals 

DB
database for structured storage of the results 

O
orientation posts for the transmission loop Tx 

tx
branch of the excitation loop Tx in a figure-eight configuration 

i

1st arrangement of the transmission loop Tx
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2nd arrangement of the transmission loop Tx, shifted or embodied as a figure-8 loop 
iii

3rd arrangement of the transmission loop Tx, pivoted by 90° or embodied as a figure-8 
loop with a 90° tilting of the figure-8 loop

x, y, z
axes/components of three-dimensional space

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader's convenience only. It does not 
form part of the European patent document. Even though great care has been taken in 
compiling the references, errors or omissions cannot be excluded and the EPO disclaims all 
liability in this regard.

Patent documents cited in the description

• EP0780705B1 [00941
• WO1990001104A [00061

Non-patent literature cited in the description

• KORD ERNSTSONDreiachs-Magnetometer: Was bringen sie bei der Bohrloch- 
Sondierung in der Kampfmittelortung? Three-axis magnetometers: What do they 
contribute to borehole sounding for explosive ordnance detection?Ebinger News - 
Aktuelles Forum für innovative Suchtechnologie, 2015, 1-21 [0006]



DK/EP 3485300 T3
1

5

10

15

20

25

30

Patentkrav

1. En fremgangsmåde til detektion af ueksploderede blindgængere ved at kendetegne en 

metallisk interferensmasse (S), der ligger skjult under en jordoverflade (BO), hvor der 

ved jordoverfladen (BO) er lavet et borehul (B) tæt på en position (P) af den metalliske 

interferensmasse (S) mindst ned til en dybde (T), der svarer til positionen af den 

metalliske interferensmasse (S), og elektromagnetiske impulser transmitteres via en 

stimulusløkke (Tx) ned i jorden omkring borehullet (B), og et impulssvar (A) måles i en 

modtagerenhed (Rx), med modtagerenheden (Rx) sænket ned i borehullet (B), hvori et 

impuls svar (A) for interferensmassen (S) med en kronologisk progression detekteres og 

evalueres i modtagerenheden (Rx) ved hjælp af en magnetisk sensor eller et 

magnetometer (Μ), på alle tre rumlige akser x, y, z i borehullet (B), hvor tæt på 

positionen (P) på den metalliske interferensmasse (S), for at nå frem til mere klare 

konklusioner angående dens form og retning i jorden, laves mindst tre borehuller (B), 

der danner en ligesidet trekant med hinanden, og positionen (P) af den metalliske 

interferensmasse (S) er placeret ved det geometriske tyngdepunkt af denne trekant, hvor 

en kronologisk evaluering af magnetiske reaktions signaler udføres på tre rumlige akser, 

der er vinkelrette på hinanden, for at opnå mere tydelige konklusioner angående en form 

og retning af den metalliske interferensmasse (S) i jorden for at skelne mellem en 

ueksploderet blindgænger og en hovedsageligt ufarlig metaldel.

2. Fremgangsmåden i henhold til det foregående krav, kendetegnet ved, at der før en 

målecyklus udføres et kompensationstrin, hvori resultaterne af en måling, der udføres, 

mens stimulusløkken (Tx) er slået fra, bestemmes og til nulstillingsformål lagres i et 

kompensationselement (K) i mindst varigheden af denne målecyklus til overvejelse i 

måleresultaterne.

3. Fremgangsmåden i henhold til et af de forrige krav, kendetegnet ved, at 
måleproceduren gentages ved forskellige dybder i borehullet (B) over og under den 

formodede dybde (T) af den metalliske interferensmasse (S).
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4. Fremgangsmåden i henhold til et af de forrige krav, kendetegnet ved, at der 

kalibreres en maksimal afstand (a) på ca. 200 cm mellem borehullet (B) og positionen 

(P) af den metalliske interferensmasse (S), men fortrinsvis, en afstand (d) fra den 

metalliske interferensmasse (S) på ca. 120 til ca. 150 cm.

5. Fremgangsmåden i henhold til et af de forrige krav, kendetegnet ved, at stimulussen 

via induktion udføres i forskellige rumlige retninger (x, y, z) vinkelret på hinanden 

gennem tilsvarende retning af det primære felt baseret på et andet arrangement af en 

stimulusløkke (Tx), der ligger på jordoverfladen (BO).

6. Fremgangsmåden i henhold til det forrige krav, kendetegnet ved, at der lægges og 

måles forskellige konfigurationer af stimulusløkken (Tx), hvori stimulusløkken (Tx) 

lægges i form af en firkant, eller i form af en ottetalsløkke inden i firkanten flyttes over 

positionen (P) af den metalliske interferensmasse (S).

7. Fremgangsmåden i henhold til et af de forrige krav, kendetegnet ved, at en afstand 

(a) fra en ydre kant af stimulusløkken (Tx) ved jordoverfladen (BO) indstilles til en 

længde, der svarer til mindst den dybde (T), der svarer til positionen af den metalliske 

interferensmasse (S).

8. Fremgangsmåden i henhold til et af de forrige krav, kendetegnet ved, at målingerne 

gentages fra én gang til cirka fem gange ved afstande (Δ) på ca. 20 cm til 100 cm, men 

fortrinsvis ca. 50 cm, af dybdeændringen af modtagerenheden (Rx, Μ) i borehullet (B), 

både over og under et anslået dybdeniveau (T) af den metalliske interferensmasse (S), 

men fortrinsvis 2-3 målinger, der udføres over og 2-3 målinger, der udføres under det 

anslåede dybdeniveau (T) af den metalliske interferensmasse (S).

9. Fremgangsmåden i henhold til et af de forrige krav, kendetegnet ved, at målingerne 

udføres, mens borehullerne (B) bevares i tre forskelligt udlagte konfigurationer (i, ii og 

iii) af stimulusløkken (Tx), hvori, med start fra en stimulusløkke (Tx), der er lagt i form 

af en firkant omkring positionen (P=) af den metalliske interferensmasse (S) som 

midtpunktet, der derefter udføres to bevægelser af denne firkant i x-y-planet ved hjælp 
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af en 90° pivotering, og/eller stimulusløkken (Tx) lægges som et andet arrangement (ii) 

i form af en ottetalsløkke inden i samme firkant med to forgreninger (tx), der strækker 

sig over positionen (P) af den metalliske interferensmasse (S) og gennem pivotering af 

forgreningerne (tx) strækker sig over positionen (P) af den metalliske interferensmasse 

(S) med 90°, lægges i et tredje arrangement (iii), hvor der, efter en justering af hvert af 

disse arrangementer eller konfigurationer (i, ii, iii) af stimulusløkken (Tx), udføres 

målinger med en foregående kompensation i alle borehullerne (B) over alle 

dybdeniveauer (T ± α * Δ) med integral værdier for aDfra 0 til 2 eller ca. 5.

10. Fremgangsmåden i henhold til et af de forrige krav, kendetegnet ved, at processen 

til måling i et borehul (B) gentages uden nogen ændringer i arrangementet af 

stimulusløkken (Tx) for også de andre borehuller (B), hvor der omhyggeligt sørges for, 

at retningen af sensoren (Rx) i arrangementet altid forbliver den samme i løbet af 

processen til måling af de forskellige borehuller (B), og når det er kalibreret, forbliver 

koordinatsystemet for det triaksiale magnetometer (Μ) uændret, uden rotation i løbet af 

alle målingerne af en interferensmasse (S) ved, at en tilsvarende markering af sensoren 

bruges til en visuel kontrol af positionen af denne markering under indføringen af 

sensoren (Rx) i et nyt borehul (B).

11. Fremgangsmåden i henhold til et af de forrige krav, kendetegnet ved, at når det er 

kalibreret, forbliver koordinatsystemet for det triaksiale magnetometer (Μ) uændret selv 

under indføring i et andet af nævnte borehuller (B) ved, at et mekanisk styr i form af en 

rille eller et andet styr bruges under indføring af sensoren (Rx) i et nyt borehul (B).



DK/EP 3485300 T3

DRAWINGS

Fig. 1
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Fig. 2b

Fig. 2c


