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determined from the coordinates of the device and from the terrain model.
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Abstract

A method for measure the layer thickness of soil coverings, in
particular in the case of gas and oil pipelines laid
underground, wherein the device to be covered is measured and
the coordinates thereof in relation to a specified coordinate
system are recorded, where the course of the terrain over the
device is measured and a terrain model is determined therefrom
and recorded in the specified coordinate system after the soil
covering has been applied, and where the layer thickness of the
soil covering is determined from the coordinates of the device

and from the terrain model.
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Layer Thickness Measurement of Soil Covering

FIELD OF THE INVENTION

The invention relates to a method for layer thickness
measurement of soil coverings, in particular in the case of gas

and oil pipelines laid underground.

BACKGROUND OF THE INVENTION

By law, gas and oil pipelines laid underground must be cocvered
by a minimum layer thickness of soil. In this case, the
pipeline operator is responsible for checking compliance with
these layer thicknesses at periodic intervals and for
determining changes in the covering. In such cases, a measuring

accuracy of approximately 10 cm is typically expected.

At present it is usual to inspect the pipeline run by
helicopter from the air and, if anything suspicious is found
optically/visually, to validate it by a manual measurement of

the layer thicknesses on the ground.

However, this does not represent a continuous measurement over
time with a high frequency of overflights, since the relatively
expensive overflights using helicopters usually occur only

every 24 weeks, or even only quarterly.

In addition, the soil of the soil covering may be continuocusly
eroded, so that the prescribed layer thicknesses are not
achieved, even though no significant optical changes occur.

Hence, the layer thickness must also be checked at reqgular
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intervals by on-site inspections and manual measurements.

SUMMARY OF THE INVENTION

In view of the foregoing, it is an object of the invention to
provide a method by which the monitoring of the layer thickness

can be simplified.

This and other objects and advantages are achieved in
accordance with the invention by a method for layer thickness
measurement of soil coverings, particularly in the case of gas
and oil pipelines laid underground, wherein the device to be
covered 1s measured and 1ts coordinates are recorded, the
terrain profile over the device is measured and a terrain model
is determined therefrom and recorded in the specified
coordinate system after the soil covering has been applied, and
where the thickness of the soil covering is determined from the

coordinates of the device and from the terrain model.

According to another aspect of the present invention, there is
provided a method for performing layer thickness measurements
of soil coverings over gas and oil pipelines laid underground,
the method comprising: measuring a device to be covered and
recording coordinates of the device; measuring a terrain
profile over the device, determining a terrain model from the
terrain profile, and recording said terrain model in a
specified coordinate system after the soil covering has been
applied; and determining the layer thickness of the soil
covering from the recorded coordinates of the device and from

the terrain model.

CA 3020208 2018-11-06
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Other objects and features of the present invention will become
apparent from the following detailed description considered in
conjunction with the accompanying drawings. It is to be
understood, however, that the drawings are designed solely for
purposes of illustration and not as a definition of the limits
of the invention, for which reference should be made to the
appended claims. It should be further understood that the
drawings are not necessarily drawn to scale and that, unless
otherwise indicated, they are merely intended to conceptually

illustrate the structures and procedures described herein.
BRIEF DESCRIPTION OF THE DRAWINGS

The invention is explained in more detail on the basis of the

figures, in which:

Fig. 1 is an exemplary illustration of the use of an unmanned
flying object in accordance with the invention; and
Fig. 2 is a flowchart of the method in accordance with the

invention.
DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS

The illustration according to Figure 1 comprises a pipeline 1
laid in the soil and covered with earth, where the layer
thickness 4 of the soil covering must have prescribed minimum

values.
The position and course of the pipeline 1 is preferably

determined precisely and stored during the laying process. In

this case, the upper edge of the pipe is of primary importance.

CA 3020208 2018-11-06
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That is, it is generally measured with land registry accuracy,
i.e., with tolerated deviations in the low single-digit
centimeter range. It is possible to (linearly) interpolate
between the individual measurement points, in order thus to
arrive at a continuous pipeline run ("pipeline polyline"). If
necessary, this survey can be performed using unmanned flying

objects with suitable measurement systems.

However, 1t is also conceivable for the position or course of
the pipeline 1 to be determined subsequently in the buried

state using suitable measurement methods.

This can be achieved, for example, using “measuring probes”
with inertial measurement systems that are introduced into the

pipe. Another possibility is surveying via radar technology.

Using unmanned flying objects, a digital terrain model 3 is
then created, i.e., a digital, numeric storage of the height

information of the landscape above and around the pipeline 1.

This can be achieved, for example, via photogrammetry, in which
the terrain in question is photographed from different
positions during the overflight using surveying cameras. A
digital terrain model 3 is then created from the overlapping
pictures from the surveying cameras, and together with the data
on the pipeline run is used to determine the layer thickness of

the soil covering 4.
Besides cameras that work in different spectral ranges, the

unmanned flying objects can also, for example, have radar or

laser measurement systems.

CA 3020208 2018-11-06
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In addition, a precise position determination of the unmanned
flying object 1is necessary during the overflight and the

photographic recordings or measurement processes.

Global satellite navigation systems are particularly suitable
for this, the accuracy of which can be improved by stationary
receiving stations that transmit correction signals to the

users.

As an alternative to satellite navigation systems, position
determination using magnetometers, gyrosensors and barometric

sensors 1s also conceivable.

During the overflight by an unmanned flying object 2, it is
expedient to take the known run of the pipeline into account in
the flight contrecl, i.e., to derive waypoints of the flight
automatically from the pipeline polyline. Thus, the flying
object 2 can approximately maintain a constant height above the
pipeline and thereby implicitly react to height changes in the

terrain topography.

Whereas the usual accuracy of a GPS system is sufficient for
the flight control as such, a precise position determination is
necessary to create the digital terrain model 3 from the
photographs of the unmanned flying object 2, as can be
effected, for example, using Real Time Kinematic (RTK) or a
Differential Global Positioning System (DGPS). This position
determination need not be present for every photograph. That

is, it is sufficient if the absolute position of the terrain

model and its absolute dimensions can be established using

CA 3020208 2018-11-06
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individual precise positions.

A special embodiment of the differential GPS is used as real
time kinematic, which uses not the GPS messages but the carrier
frequency of the signal for synchronization. However, because
the carrier frequency is significantly higher than the message
frequency, the accuracies achievable with real time kinematic
are also significantly higher than with conventional
differential GPS methods and are in the range of a few

centimeters.

The creation of a 3D model of the terrain can be effected via
photogrammetric methods and the use of surveying cameras, 1i.e.,

cameras with few imaging errors.

Alternatively, however, methods such as laser altimetry

(airborne laser scanning) can be used.

Laser scanning (also called LiDAR = Light Detection And
Ranging) 1s a method of remote sensing in which a laser beam is
used to scan the earth's surface and to detect the distance
between the detected point on the earth's surface and the

sSensor.

If the scanning unit is located on a flying object 2, this is

known as airborne laser scanning.
The advantages of laser scanning principally lie in the high

measurement point density and measurement accuracy that can be

achieved, and in the possibility of penetrating vegetation.

CA 3020208 2018-11-06
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The method thus forms an excellent basis for the creation of a
digital terrain model which, unlike a digital surface model,
represents the earth's surface without buildings or plant

cover.

As active systems, laser scanners are not reliant on sunlight,

but can also be used to record data at night.

Alrborne laser scanners for landscape shots typically work with
wavelengths between 800 and 1550 nanometers (infrared), whose

spectral width is 0.1 to 0.5 nanometers.

It may be expedient to adjust the wavelength of the laser used
to the area of deployment, because the way in which an object
reflects or absorbs the laser beams is dependent on the
wavelength. Thus, for example, water surfaces absérb light in
the visible range very strongly, so that the use of a laser

with a wavelength in the visible range impedes the evaluation.

In the case of determining the actual layer thickness, the
distance from the top edge of the pipeline 1 toc the point of
the terrain model 3 respectively lying vertically above it is
determined, i.e., the height of points on the pipeline polyline
is compared with the height for the geographical width and
length corresponding to the respective points on the terrain

model 3.

When the pipeline 1 is on a slope, it may also be expedient to
determine not only the distance between the top edge of the
pipe and the point of the terrain model 3 lying perpendicularly

above it, but the shortest distance between a point on the

CA 3020208 2018-11-06
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circumference of the pipeline 1 and the intersection of the
terrain model 3 with an intersection plane arranged preferably
vertically to the axis of the pipe. Thus, lateral undershoots

of the prescribed layer thickness can also be determined.

In the exemplary embodiment, an unmanned flying object 2 is
used to survey the terrain, which is particularly expedient
with respect to the availability and efficiency of deployment.
In principal the invention is not, however, restricted to this
but can be used with any manned and unmanned vehicles,
providing these are able to accommodate the measurement

devices.

Over and above this, the use of stationary measurement devices

would also be conceivable.

It is advantageous if the inventive method is aligned with the
monitoring and control system of the pipeline (SCADA). Thus,
for example, an error message from the control system can
trigger use for layer thickness measurement in a particular
region of the pipeline and the results of the measurements can

be represented visually by the monitoring and control system.

The invention can be used not only advantageously for layer
thickness measurement of soill coverings in the case of gas and
0il pipelines laid underground but, for example, also in the

case of water, power and other lines or devices.
Fig. 2 is a flowchart of the method for performing layer

thickness measurements of soil coverings over gas and oil

pipelines laid underground. The method comprises measuring a

CA 3020208 2018-11-06
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device to be covered and recording coordinates of the device,

as indicated in step 210.

Next, a terrain profile over the device is measure, a terrain
model 3 1is determined from the terrain profile, and the
determined terrain model 3 is recorded in a specified
coordinate system after the soil covering has been applied, as

indicated in step 220.

Next, the layer thickness of the soil covering is determined
from the recorded coordinates of the device and from the

terrain model 3, as indicated in step 230.

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 other disclosed or described or suggested
form or embodiment as a general matter of design choice. It 1is
the intention, therefore, to be limited only as indicated by

the scope of the claims appended hereto.

CA 3020208 2018-11-06
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CLAIMS:

1. A method for performing layer thickness measurements
of soil coverings over gas and oil pipelines laid underground,

the method comprising:

5 measuring a device to be covered and recording

coordinates of the device;

measuring a terrain profile over the device,
determining a terrain model from the terrain profile,
and recording said terrain model in a specified
10 coordinate system after the soil covering has been

applied; and

determining the layer thickness of the soil
covering from the recorded coordinates of the device

and from the terrain model.

15 2. The method as claimed in claim 1, wherein the
measurement of the terrain profile over the device is performed

via at least one flying object.

3. The method as claimed in claim 2, wherein the terrain
profile of a terrain in question is overflown and photographed

20 to measure;

wherein a position of each of the at least one
flying object is determined via satellite-aided
positioning systems; and wherein a digital terrain
model is generated from overlapping photographs and a
25 respectively associated position of one of the at

least one flying object.

CA 3020208 2020-04-08
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q, The method as claimed in claim 2, wherein the terrain
is overflown and a surface is scanned with a laser beam and a
respective distance between a detected point on a surface of
the earth and each of the at least one flying object is

detected to measure the terrain profile;

wherein a position of each df the at least one
flying object is determined via satellite-aided
positioning systems and a digital terrain model is
generated from a distance between a detected point on
a surface of the earth and a respectively associated

position of one of the at least one flying object.

5. The method as claimed in claim 1, wherein each flying

object comprises an unmanned flying object.

6. The method as claimed in claim 5, wherein data from a
monitoring and control system of the device is used to control

the at least one flying object.

7. The method as claimed in claim 1, wherein a result of
the determination of the layer thickness of the soil covering
is represented utilizing a monitoring and control system of the

device.
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FIG. 1
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FIG. 2
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