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ABSTRACT

A system for determining the location of pipelines using at
least one geopig that is introduced into a pipeline, advances
therein and that has a magnetic source for generating a
magnetic field, wherein at least one unmanned aerial vehicle is
provided with magnetic field sensors and position determination
devices, a controller 1s provided for determining the field
strength profile of the magnetic field and for positioning the
unmanned aerial vehicle at a defined distance from the at least
one geopig, and a device is provided for determining the
location of the at least one geopig from the position of the
unmanned aerial vehicle and the defined distance between the at

least one geopig and the unmanned aerial vehicle.
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System for Determining the Location of Pipelines

FIELD OF THE INVENTION

The invention relates to a system for determining the location
of pipelines having at least one geopig that is introduced into
a pipeline and moves forward in the pipeline and comprises a

magnetic source for generating a magnetic field.

BACKGROUND COF THE INVENTION

When performing inspection tasks, 1t is necessary to know the
very precise location of subsoil pipelines, such as pipelines
for gas, o0il, or water. Once these pipelines are laid and the
ground region is restored, the pipelines and particularly the
location of their upper edge are usually no longer visible from

the outside.

During the procedure of laying new pipelines, the location of
the pipelines is recorded with cadastral accuracy using
contemporary methods during the laying procedure, in other
words prior to restoring the ground region. However, in the
past, the locations of older pipelines were not recorded with
sufficient accuracy when laying pipelines. In addition, it is
possible as a result of unstable subsoils, such as marshlands
or desert sand, that the location of the pipeline embedded in

the subsoil changes.

Methods for locating pipelines and accordingly their metal

structure in the ground are known from the prior art.
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This method is performed close to the surface of the ground by
way of example using hand-held devices, such as devices
marketed by the CORROCONT Group, which favors the transmission
of the coupled measurement signal and thus the sensitivity of

the measuring procedure.

Other methods for the internal inspection of pipelines use

“geopigs” that are introduced into the pipeline and are moved
forward via the flow of the transported medium in the pipeline.
The position of the geopig is determined via inertial measuring

systems.

These systems are encumbered with the disadvantage that their
measurement results drift, i.e., the incremental feed-forward

determination causes error propagation in the results.

Owing to the lack of contact with the outside world, it is not
possible to compensate this error behavior, for instance, via
external and thus absolute measuring procedures, where the
mainly metal structure of the pipeline particularly represents
an obstacle that distorts the transmission of radio signals

(electrical fields) (Faraday cage).

Pigging is described, for example, at Wikipedia. As such, it
is known from the prior art to attach to the outer skin of the
pipeline acoustic or magnetic locating devices or locating
devices that use wireless technology, where the locating

devices can detect the passage of the geopig.
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This form of sensor technology is, however, not available in
particular for the poorly calibrated locations of older

pipelines.

SUMMARY OF THE INVENTION

In view of the foregoing, it is therefore an object of the
invention to further develcp the prior art and in particular

to improve the use of geopigs for surveying pipelines.

This and other objects and advantages are achieved in
accordance with the invention by a system, where at least one
unmanned aerial vehicle is provided with magnetic field sensors
and position determining devices, and a controller is provided
for determining the course of the field strength of a magnetic
field and for positioning the unmanned aerial vehicle at a
defined distance from a geopig and where means are provided for
determining the location of the geopig from the position of the
unmanned aerial vehicle and the defined distance between the

geopig and the unmanned aerial vehicle.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is explained in detail with reference to the

figures, in which:

Fig. 1 shows the use of a system in accordance with the
invention in a schematic and side view; and
Fig. 2 shows the use of the system in accordance with the

invention in a plan view.

CA 3043138 2019-05-30



10

15

20

25

30

85231621

DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS

The figures illustrate the use of a geopig GM for determining

the location of a pipeline RL.

The geopig GM is equipped with a magnetic source MQ that
generates a magnetic field. The course of the field strength of
the magnetic field is detected via a magnetic field sensor MFS
that is attached to an unmanned aerial vehicle UAV and

spatially allocated.

The unmanned aerial vehicle UAV follows the maximum of the
magnetic signal at a predetermined flight height and positions
itself in each case at a defined distance from the geopig GM,

by way of example, directly above the geopig GM.

Therefore, the movement of the geopig GM in the pipeline RL
also causes the unmanned aerial vehicle UAV to follow the

course of the pipeline RL.

The location and course of the pipeline RL are ascertained from
the position of the unmanned aerial vehicle UAV, which is
continuously determined using satellite navigation, and from
the distance between the geopig GM and the unmanned aerial
vehicle UAV, where distance is determinable from the course of

the field strength of the magnetic field MF.

In so doing, it is expedient if the data that is obtained using

inertial measuring systems and that relates to the position of
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the geopig is likewise used in the procedure of determining the

location and course of the pipeline RL.

Permanent magnets or magnetic coils are, by way of example,

conceivable as the magnetic source.

It is advantageous to use a coil to which an alternating
current is applied as a magnetic source MQ for generating an
alternating magnetic field MF at an impressed frequency
signature, with the result that it is possible to identify

interference signals.

It is expedient for this purpose if the frequency and field
strength of the magnetic field MF are adjusted to suit the
characteristics of the pipeline RL in order that the eddy

currents that are induced therein are minimal.

It is also advantageously possible to configure the magnetic
field MF as a constant field that has an alternating field
superimposed on it because it is possible to improve the
alternating field permeability of magnetic materials by
superimposing the alternating field on a constant field that

magnetically saturates the material at a corresponding point.

In order to avoid the pig magnetically attaching itself to the
surrounding pipe, the magnetic constant field should continue

to extend within the pipe as symmetrically possible.
It may also be advantageous to equip the unmanned aerial

vehicle UAV with a plurality of magnetic field sensors MFS and

to arrange these sensors in the form of a cross, as is
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illustrated in Fig. 2. Consequently, the localization of the
geopig GM and thus of the pipeline RL is improved in the
lateral direction by virtue of the detection results being at a

maximum.

In a further advantageous embodiment of the invention, the

magnetic field is also used simultaneously for detecting weak
points in the pipeline casing or for detecting irregularities
in the ground lying above the pipeline (for example, “illegal

tapping” via attaching branch lines).

A bi-directional measurement would also be conceivable, in that
the signal that is measured via the magnetic field probe MFS is
returned, for example, at another lower frequency to the geopig
GM. As a consequence, it is possible using suitable coding over
the propagation delay time of the signals to determine the

distance between the unmanned aerial vehicle UAV and the geopig

GM.

Alternatively, it would also be conceivable to measure the

distance by comparing the phase position of the signals.

The advantages that are achieved using the system in accordance
with the invention particularly reside in a high degree of
accuracy when determining the position of the geopig GM, above
all in the case of comparatively long pipelines RL, by
eliminating the drift behavior of the incremental measurement

using an inertial measuring system.

Consequently, it is also possible to use comparatively simple

and cost-effective measuring systems in the geopig GM.
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Furthermore, the system renders it possible to fully automate

the measuring procedure.

Thus, while there have been shown, described and pointed out
fundamental novel features of the invention as applied to a
preferred embodiment thereof, it will be understood that
various omissions and substitutions and changes in the form and
details of the devices illustrated, and in their operation, may
be made by those skilled in the art without departing from the
spirit of the invention. For example, it is expressly intended
that all combinations of those elements and/or method steps
which perform substantially the same function in substantially
the same way to achieve the same results are within the scope
of the invention. Moreover, it should be recognized that
structures and/or elements shown and/or described in connection
with any disclosed form or embodiment of the invention may be
incorporated in any cother disclosed or described or suggested
form or embodiment as a general matter of design choice. It is
the intention, therefore, to be limited only as indicated by

the scope of the claims appended hereto.
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CLAIMS:

1. A system for determining the location of pipelines
having at least one geopig which is introduced into a pipeline,
moves forward in said pipeline and which comprises a magnetic
source for generating a magnetic field, the system comprising:
at least one unmanned aerial vehicle having
magnetic field sensors and position determining
devices;
a controller for determining a course of a field
strength of the magnetic field and for positioning
the unmanned aerial vehicle at a defined distance
from the at least one geopig:; and
means for determining a location of the geopig
from a position of the unmanned aerial vehicle and a
defined distance between the at least one geopig and

the unmanned aerial vehicle.

2. The system as claimed in c¢laim 1, wherein the
position determining devices of the unmanned aerial vehicle

comprise satellite navigation components.

3. The system as claimed in claim 1, wherein the at
least one geopig is moved forward via flow of the medium being

transported in the pipeline.
4. The system as claimed in claim 2, wherein the at

least one geopig is moved forward via flow of the medium being

transported in the pipeline.
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5. The system as claimed in claim 1, wherein the
location of the pipeline is determined from a sequence of

ascertained positions of the at least one geopig while moving.

6. The system as claimed in claim 2, wherein the
location of the pipeline is determined from a seguence of

ascertained positions of the at least one geopig while moving.

7. The system as claimed in claim 3, wherein the
location of the pipeline is determined from a sequence of

ascertained positions of the at least one geopig while moving.

8. The system as claimed in claim 1, wherein the
magnetic source comprises a coil to which an alternating
current is applied; and wherein the alternating current

comprises a typical and distinguishable frequency pattern.

9. The system as claimed in claim 1, wherein the

magnetic field comprises a constant field having an alternating

field superimposed on said constant field.
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