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ABSTRACT

A device (1) for registering data and features of ducts comprises at least one camera (3,
5), at least one distance measurement apparatus and at least one apparatus for measuring
properties of the medium contained in the duct. Furthermore, provision can be made for
an illumination apparatus (4), a tracking sensor (10), which emits data in relation to the
current position of the device (1), and an inclination measurement device (inclinometer
and gyroscopic compass 9). The device can have a passive or active drive for moving the
device (1) along the duct. The device (1) can register a length recording of the duct with
the aid of photo geometry or with sound, radar, acceleration sensors and/or mechanical
distance measurements. Thus, after a duct has been inspected, each point can be assigned

precisely in terms of length.



DEVICE FOR TESTING DUCTS

The invention relates generally to ducts, and 1n particular to testing and/or examination
ot ducts.

There is a need for devices that can be used to register data of ducts and their features
(properties).

It 1s desirable to provide such a device.

In one aspect, the present invention provides a device for examining an interior of
ducts and registering data and features of the ducts, comprising: sensing instruments,
including at least one camera, at least one distance measurement apparatus, at least one
apparatus for measuring properties of the medium contained in the duct, said at least one
apparatus being at least one selected from the group consisting of a conductivity sensor and a
turbidity sensor, a location transmitter that emits data relating to the current position of the
device, the location transmitter being an electronic transmitter configurcd to communicate
with a duct locator, and an acoustic pick-up sensor that registers leaks in the duct by drip loss
or leakages; a control unit for controlling device in communication with the sensing
instruments, the control unit having a storage medium for storing data received from the
sensing instruments and configured to transfer data to an external data device; an illumination
apparatus assigned to the at least one camera; and an energy storage device configured to
provide electrical power for supplying the device with energy, wherein the device 1s
configured to float freely in the flow of media in a duct being examined, an adjustable air
bladder being located in the device configured to adjust a property of tlotation of the device.

Preferred and advantageous configurations of the invention are desired herein.

The use of the device according to the invention makes it possible to register data from
any desired ducts and, in potential embodiments of the device according to the mnvention, also
data from media contained in the duct or transported through the duct, and to transmit said
data for analysis.

In the present context, ducts include, 1.a., gravity wastewater channels, wastewater
(pumping) pressure lines, water lines, pressure lines for liquid and gaseous media, such as,
e.g., drinking water pipelines, oil lines (pipelines), district heating pipelines, gas pipelines,
cable conduits, power plant pipelines, or any other industrial pipes.

The device according to the invention 1s especially a universally usable, preferably
buoyant, optical measuring device, which can be configured according to the type of duct and

the type of medium conveyed within the duct.
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In particular, the device according to the invention pertains to an examination device,
preferably buoyant, for pipelines, whereby, for example, a camera 1s provided that takes
pictures and videos of the duct being examined, saves them, or immediately relays them for
evaluation.

The device according to the invention can also be configured such that it can compile
a length recording of the duct with the aid of photo-geometry or with sound, radar,
acceleration sensors, mechanical distance measurements, or a combination of these. Any
point can thus, after an inspection of a pipeline has been made, be precisely placed in terms of
length.

The device according to the invention can be deployed without interrupting the use of
the duct that 1s to be examined.

The use of the device according to the invention does not require the duct to be
cleaned.

The device according to the invention makes possible an affordable examination of
ducts, especially a pre-examination of channels, even in places that are difficult to access.

The device according to the invention is configured such that it can work while
floating. In one embodiment, the device according to the invention floats freely without
cables in the flow of media inside the duct.

Using the device according to the invention, it is possible - depending upon the
embodiment - to:

-assess the state of deposits,

-perform a visual inspection of deformations ot the duct,
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-determine high points of the duct,

-make an optical assessment of the interior of the duct,

-locate leaks without external noise interference,

-directly record leak noises,

-locate leaks even 1n pipes that are difficult to access.

In embodiments, the device according to the invention can have the following sensors:

-Pressure transmitter for pressure recording inside a pipe that is in use, so that
hydraulic models of the pipeline can be captured,

-noise-level sensors to measure noise levels,

-turbidity sensors,

-conductivity sensors,

-inclinometer and gyrocompass for reconstructing and locating the duct flow,

-devices for measuring wall thickness,

-locating equipment for the device,

-temperature sensor.

The device according to the invention can be outfitted with a drive in order to move
the device further inside of the duct that is to be examined. In gravity ducts or fall pipes, the
forward movement can, for example, take place primarily by having the device according to

the invention float with the medium that is flowing inside the duct.

In pressure ducts, the device can be outfitted with equipment in the manner of screens

(umbrellas) in order to move the device along through the flowing medium.
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One further possibility for moving the device along inside of the duct 1s to provide a
drive propeller that 1s coupled to an electric motor.

When the device according to the invention 1s deployed inside of a gravity wastewater
channel, it is introduced as a floating device inside a sewage line and then floats in the
direction of the flow with the feces-containing water present in the channel. In this way,
depending on the flow rate, the device can cover 0.01 to over 30 kilometers per hour, and it 1s
then removed from the channel at the shaft at the end of the duct section that 1s to be
examined.

The data collected by the device subsequently either can be read via Bluetooth, radio,
or another form of data transmission or the data can be transferred from the data storage
medium contained in the device to a computer (PC). Further evaluation can be done using
appropriate software via an interface for GIS (duct registry).

The following data can, for example, be collected inside gravity wastewater channels:

-Temperature measurement for inflow measurement,

-visual inspection,

-length measurement,

-inclinometer,

-location sensor: an electronic standard sensor (for example: 32.8 kHz), which can be
located with pinpoint accuracy using a duct-location device, so that the position of
the device can be determined in real time.

When deployed in drinking water and pressure ducts (up to 100 bar), the device

according to the invention can perform the following examinations:
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-Visual inspection,

-length measurement,

-acoustic examination for potential leaks (drip loss, leakage) with information as to the
location of the leak, measured from the point of origin or the nearest valve (gate
valve, valve flap, tapping clamp, vent plug, etc.),

-conductivity sensor,

-turbidity sensor,

-device for measuring wall thickness,

-inclinometer measurements and gyrocompass for reconstructing and locating the duct
flow,

-pressure Sensor,

-temperature sensor.

Forward movement of the device according to the invention inside of a drinking water
duct or pressure duct up to 100 bar can occur as has been described above for gravity
wastewater channels. This 1s likewise true for the evaluation of the data.

When a device according to the invention is deployed inside industrial pipes (up to
100 bar of pressure), the device according to the invention may be introduced into the
pressure line while this line is in use, and under operating pressure, the device can perform the
following examinations:

-Visual mspection,

-length measurement,
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-acoustic examination of potential leaks and drip loss up to leakage with indication of

the postition of the leak or leakage,

-conductivity sensor,

-pressure Ssensor,

~-temperature,

-acoustic examination of leaks,

-turbidity sensor,

-device for measuring wall thickness,

-inclinometer measurements and gyrocompass.

Depending on the flow rate of the medium inside an industrial pipe, the device
according to the invention can cover between 0.01 and 30 kilometers per hour, and the device
1s extracted at the end of the stretch of the industrial pipe that 1s to be investigated. The data
collected by the device concerning the industrial pipe or the medium conveyed 1n the pipeline
1s/are either read via Bluetooth, radio, or another form of data transmission or the data are
transferred via the data storage medium contained 1n the device to a computer (PC).

(duct registry).
When a device according to the invention is employed for registering data and features
of a gas pipeline, the measuring device can perform, for example, the following examinations:
-Visual inspection,

-length measurement,
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-acoustic examination of potential leaks and drip loss up to leakage with indication of

the position of the leak or leakage,

-conductivity sensor,

-turbidity sensor,

-device for measuring wall thickness,

-inclinometer measurements and gyrocompass.

Depending on the flow rate of the medium 1nside a gas pipe, the device according to
the invention can cover between 0.01 and 30 kilometers per hour, and the device is extracted
at the end of the stretch of the gas pipe that is to be investigated. The data collected by the
device concerning the gas pipe or the medium conveyed in the pipe 1s/are either read via
Bluetooth, radio, or another form of data transmission or the data are transferred via the data
storage medium contained in the device to a computer (PC). Evaluation of the collected data
can be done using analysis software with an interface tor GIS (duct registry).

When a device according to the invention i1s configured to be employed 1n pipelines
for district heating, it is possible to deploy the device with the duct in operation, whereby the
following examinations can be performed:

-Visual inspection,

-length measurement,

-acoustic examination of potential leaks and drip loss up to leakage with indication of

the position of the leak or leakage,

-conductivity sensor,

-turbidity sensor,
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-device for measuring wall thickness,

-inclinometer measurements and gyrocompass.

Depending on the flow rate of the medium inside a pipeline for district heating, the
device according to the invention can cover between 0.01 and 30 kilometers per hour, and the
device 1s extracted at the end of the stretch of pipeline for district heating that 1s to be
investigated. The data collected by the device concerning the pipeline for district heating or
the medium conveyed in the pipeline is/are either read via Bluetooth, radio, or another form of
data transmission or the data are transferred via the data storage medium contained in the
device to a computer (PC). The evaluation of the coliected data can be done using analysis
software with an interface for GIS (duct registry).

In a further embodiment, the device according to the invention can be called upon to
examine oil lines (pipelines), whereby the device may likewise work here while the pipelines
are in operation in order to perform, for example, the following examinations:

-Visual inspection,

-length measurement,

-acoustic examination of potential leaks and drip loss up to leakage with indication of

the position of the leak or leakage,

-conductivity sensor,

-turbidity sensor,

-device for measuring wall thickness,

-inclinometer measurements and gyrocompass,

-pressure Sensor.
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Depending on the flow speed of the medium inside an o1l line (pipeline), the device
according to the invention can cover between 0.01 and 30 kilometers per hour, and the device
1s extracted from the oil line (pipeline) at the end of the stretch that 1s to be investigated. The
data collected by the device concerning the o1l line (pipeline), or the medium conveyed 1n the
pipeline 1s/are either read via Bluctooth, radio, or another form of data transmission or the
data are transferred via the data storage medium contained in the device to a computer (PC).
Evaluation of the collected data can be done using analysis software with an interface for GIS
(duct registry).

Further details and features of the invention are hereinafter explained with reference to
the embodiments shown 1n the drawings. Here:

Fig. 1 schematically shows a device according to the invention,

Fig. 2 schematically shows a modified embodiment of a device according to the

invention, and

Fig. 3 shows an application example of devices according to the imnvention.

A device 1 according to the invention has, in the embodiment shown in Fig. 1, a

casing 2. On the one end - the front end, based on the direction of movement during an

examination of a duct - a camera 3 is provided. The camera 3 is provided with an
illumination apparatus 4, for example, encircling the camera 3, which illumination apparatus 4
is, for example, configured as an LED-1llumination unit.

Additionally, the device 1 can have another camera S that has a different viewing
angle than that of the camera 3 arranged on the front end. Since the device 1 according to the

invention is supposed to float, for example, in a liquid medium, 1t has an air bladder 6 that
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communicates with the region outside of the casing 2, i.e., outside of the device 1, via a duct 7
that ends in the wall of the casing 2.

The embodiment of the device 1 shown in Fig. 1 further comprises two sensors 8 for a
distance measurement apparatus that make it possible to measure the distance covered by the
device 1.

An inclinometer and/or gyrocompass 9 and a tracking sensor 10 are arranged in the
interior of the casing. The power supply for the different components of the device according
to the invention 1s provided by an energy storage device 11 provided in the casing 2, for
example a storage battery. All apparatuses of the device according to the invention, such as
the cameras 3 and 5, the sensors 8 of the distance measurement apparatus, the radar sensor,
the speed sensor and temperature sensor 13, the inclinometer and gyrocompass 9, and the
tracking sensor 10, are operatively connected to a data logger and a control unit 12.

The embodiment of a device 1 according to the invention shown in Fig. 2 comprises a
casing 2, which in this embodiment 1s designed to be strecamlined. Again, the device 1 of the
embodiment of Fig. 2 has a camera 3 and an illumination unit 4 assigned to this camera 3, the
air bladder 6, the sensors 8 of the distance measurement apparatus, the radar sensor, the speed

sensor and temperature sensor 13, the inclinometer and gyrocompass 9, and the location

transmitter 10.

The embodiment shown in Fig. 2 of the device 1 according to the invention further

comprises, as an active drive, a propeller 15 with a drive motor 16 that 1s provided with power

trom the energy storage device 11.
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In place of or in addition to the active drive of the device 1 in the form of the propeller
15, a circular screen 20 can be provided as a passive drive, especially in the region of the front
end, where the camera 3 is arranged, in order to propel the device 1 using the medium flowing
through the duct.

The screen 20 can be replaced or complemented by a parasail 21 that i1s connected to
the front end of the device 1 by the connecting elements 22.

Further, the embodiment shown 1n Fig. 2 of a device 1 according to the invention has a
conductivity sensor 17 and an acoustic pickup sensor 18. Finally, in the device 1 according to
the invention of the embodiment of Fig. 2, a turbidity sensor 19 1s provided.

The device according to the in?entio.n can also be provided with an apparatus for
measuring the flow rate of the medium through the duct that is to be examined.

The device according to the invention can also be equipped with an acceleration
sensor, so that in combination with other sensors (for example, the radar sensor), the current
speed at which the device 1 1s moving can be determined.

Additionally, the speed of the device 1 can be determined by measuring the image

geometry of the pipe segments (measuring the length and time).

Fig. 3 shows an application example comprising two devices | according to the
invention that are connected to each other by a flexible (not length-adjustable) element 25. At
least two diametrically opposite sensors 26, 27 that extend in the lengthwise direction of the
element 25 and that register length changes, e.g., strain gauges, are provided on the element

25. When the clement 25 is bent (e.g., bend 28 in Fig. 3), the sensor 26 that lies on the outer

curve is extended (stretched) and the sensor 27 that lies on the inner curve is shortened
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(compressed). These length changes of the sensors 26, 27 are registered and, in connection
with gyrocompass-apparatuses 29 in the devices 1, make 1t possible to register the course of
the duct 30.

In summary, one embodiment of the invention can be described as follows:

A device 1 for registering data and features of ducts comprises at least one camera 3,
5, at least one distance measurement apparatus, and at least one apparatus for measuring
properties of the medium contained in the duct. Furthermore, provision can be made for an
illumination apparatus 4, a location sensor 10, which emits data relating to the current

position of the device 1, and an inclination measurement device (inclinometer and gyroscopic
compass 9). The device can have a passive or an active drive for moving the device 1 along
the duct. The device 1 can register a length recording of the duct with the aid of photo-

ceometry or with sound, radar, acceleration sensors and/or mechanical distance

measurements. Thus, after a duct has been inspected, any point can be assigned precisely in

terms of length.
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CLAIMS:

1. A device for examining an interior of ducts and registering data and features of

the ducts, comprising.
sensing instruments, including
at least one camera
at least one distance measurement apparatus,

at least one apparatus for measuring properties of the medium contained in the
duct, said at least one apparatus being at least one selected from the group consisting of

a conductivity sensor and a turbidity sensor,

a location transmitter that emits data relating to the current position of the device,
the location transmitter being an electronic transmitter configured to communicate with a

duct iocator, and

an acoustic pick-up sensor that registers leaks in the duct by drip loss or

leakages;

a control unit for controlling device in communication with the sensing
Instruments, the control unit having a storage medium for storing data received from the

sensing Instruments and configured to transfer data to an external data device;
an illumination apparatus assigned to the at least one camera: and

an energy storage device configured to provide electrical power for supplying the

device with energy,

wherein the device is configured to float freely in the flow of media in a duct being
examined, an adjustable air bladder being located in the device configured to adjust a

‘property of flotation of the device.

CA 2913939 2017-10-27
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2. The device according to claim 1, further comprising:

an inclination measurement device, comprised of an inclinometer and a

gyroscopic compass, configured to capture a path of the duct.

3. The device according to claim 1, wherein the air bladder is configured to

communicate with a liquid that is contained in the duct.
4. The device according to claim 1, further comprising:
a casing, in or on which the elements and components of the device are provided.

5. The device according to claim 1, wherein a transmitter is provided in
communication with the control unit configured to relay data stored by the control unit

concerning the duct wirelessly to an evaluation device external to the device.
6. The device according to claim 1, further comprising:
equipment for measuring a wall thickness of the duct being examined.

/. The device according to ciaim 2, wherein the air bladder is configured to

communicate with a liquid that is contained in the duct.

8. The device according to claim 2, further comprising:
a casing, In or on which the elements and components of the device are provided.

9. The device according to claim 3, further comprising:
a casing, In or on which the elements and components of the device are provided.

10.  The device according to claim 2, wherein a transmitter is provided in
communication with the control unit configured to relay data stored by the control unit

concerning the duct wirelessly to an evaluation device external to the device.

CA 2913939 2017-10-27
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11.  The device according to claim 3, wherein a transmitter is provided in
communication with the control unit configured to relay data stored by the control unit

concerning the duct wirelessly to an evaluation device external to the device.

12. The device according to claim 4, wherein a transmitter is provided in
communication with the control unit configured to relay data stored by the control unit

concerning the duct wirelessly to an evaluation device external to the device.
13.  The device according to claim 2, further comprising:

equipment for measuring a wall thickness of the duct being examined.
14.  The device according to claim 3, further comprising:

equipment for measuring a wall thickness of the duct being examined.
15.  The device according to claim 4, further comprising:

equipment for measuring a wall thickness of the duct being examined.
16.  The device according to claim 5, further comprising:

equipment for measuring a wall thickness of the duct being examined.

17.  The device according to claim 4, wherein the air bladder is in communication with
a region outside the casing by way of a duct that terminates at an exterior wall of the

casing.
18.  The device according to claim 17, further comprising:

an inclination measurement device, comprised of an inclinometer and a

gyroscopic compass, configured to capture a path of the duct.
19.  The device according to claim 18, further comprising:

equipment for measuring a wall thickness of the duct being examined.

CA 2913939 2017-10-27
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20.  The device according to claim 19, wherein the air bladder is configured to

communicate with a liquid that is contained Iin the duct.

CA 2913939 2017-10-27
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