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INTEGRATED SENSING DEVICE FOR ASSESSING INTEGRITY OF A ROCK MASS AN
CORRESPONDING METHOD

This Iinvention relates to an assessment of the integrity of a rock
mass. In particular, the Invention relates to a method-, apparatus and
arrangement for assessing the integrity of a rock mass. The rock mass may for
iInstance be the hanging wall (or roof) or a sidewall in a mine working such as a

haulage, panel or stope.

BACKGROUND OF THE INVENTION

Many underground Injuries are caused by the detachment and
falling of rock fragments from rock masses in mines, which are unstable. For
this reason it iIs considered important to have a means whereby the integrity, 1.e.
the stability or otherwise, of a rock mass can be assessed before mine workers
enter the mine working and are exposed to potential injury from falling rock
fragments caused by underground shifts.

A techniqgue which has been in use for many years to assess the
integrity of a rock mass in a mine working, typically a hanging wall, involves
tapping the rock mass with a hammer or with a sounding bar, also known as a
pinch bar and listening to the sound generated and making an assessment of
the integrity of the mass according to the sound which is heard. The sound
which Is heard Is caused primarily by the acoustic wave generated through
vibration of the rock mass and other sources, for example the sounding bar, In
the surrounding environment. The sound has a unique frequency distribution
which must be Iinterpreted in order for a determination to be made of the

Integrity of the rock mass.

The inventor Is aware of techniques used for providing objective

acoustic assessments of the integrity of rock masses. These techniques are
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based on the automated analysis of the acoustic signals being generated by the
so-called tapping of the rock mass. However, it is desirable to improve the
quality of the objective assessment of the rock beyond acoustic measurement

techniques.

The present invention aims to provide an improved method of
iIdentifying portions of a rock mass presenting an increased rock fall risk by

combining acoustic assessment with other assessment technigues.

SUMMARY OF THE INVENTION

According to one aspect of the Invention, there Is provided a
method of assessing the integrity of a rock mass, the method including
receiving a thermal assessment of the integrity of a rock mass;
receiving an acoustic assessment of the integrity of a rock mass; and
correlating the thermal- and acoustic assessments to obtain a combined

assessment of the integrity of a rock mass.

The method may include the prior step of conducting both a

thermal- and acoustic assessment of the rock face.

Conducting a thermal assessment of the integrity of a rock mass
may Include capturing at least one thermal image of a rock face. An infrared
thermal iImager may be used to capture at least one thermal image of the rock
face. Conducting a thermal assessment of the integrity of a rock mass may
Include processing the at least one thermal image of the rock face. Image-

processing algorithms may be implemented to process the thermal images.

Processing the thermal images of the rock face Includes
Implementing the image processing algorithms to identify zones on a rock face
where thermal differentials occur. Typically zones where thermal differentials

occur may be indicative of compromised integrity of the rock mass.
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The image-processing algorithms may be implemented to identify
a segmented zone in which a thermal differential can be detected with respect

to the surrounding area on the rock face.

In @ mine where a temperature difference exists on the surface of
a host rock and the surrounding air, a temperature differential can be observed
between intact (solid) rock and loose rock, which is thermally decoupled from

the host rock.

Processing the thermal images may Include generating an

electronic signal representative of the thermal integrity of the rock mass.

Conducting an acoustic assessment of the rock face may include

tapping the rock and receiving acoustic feedback from the tapping.

Recelving acoustic feedback may include electronically analysing
the returned acoustic signal and receiving an electronic signal representative of

the integrity of the rock mass.

The method may include employing electronic acoustic analysis
devices and generating an electronic signal representative of the acoustic

Integrity of the rock mass.

The method may include determining locations on the rock face at
which both the thermal- and acoustic assessments of the integrity of the rock

mass are to be taken.

The method may include determining the position with reference

to fixed beacons.
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The position may be determined by image processing technigues,

such as image mosaicing techniques.

The method may include visually indicating a location at which the
acoustic assessment Is to be conducted following the thermal assessment of

the rock face.

The location at which the acoustic assessment is to be conducted,
may be indicated by projecting a laser beam or another light source onto the
rock face to ensure that the thermal- and acoustic assessments are conducted

at the same location on the rock face.

Correlating the thermal- and acoustic assessments to obtain a

combined assessment of the integrity of the rock mass may be automated.

Correlating the acoustic- and thermal assessments of the rock
face may Include processing the electronic signals representative of the

thermal- and the acoustic integrity of the rock mass.

Processing the electronic signals may include setting up an
algorithm representative of any one of a decision tree, a neural network, or the
like, to determine the Iintegrity of the rock mass based on the combined

acoustic- and thermal integrity of the rock mass.

According to another aspect of the invention, there is provided an
assessment apparatus for assessing the integrity of a rock mass, the apparatus
Including

acoustic assessment means operable to provide an acoustic assessment
of the integrity of a rock mass;
thermal assessment means operable to provide a thermal assessment of

the integrity of a rock mass;
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correlation means for correlating the acoustic assessment of the integrity

of a rock mass with the thermal assessment of the integrity of a rock mass.

The apparatus may include locating means for determining the
locations at which the acoustic- and thermal assessments have been

conducted.

The locating means may Include a position processor, for

calculating the location of the apparatus with reference to fixed beacons.

The locating means may include an image processor, operable to
mosaic Images together and to calculate any one of the location of the
apparatus and the orientation of the apparatus with reference to at least two

contiguous images.

The position processor may include triangulation means for

determining the position of the apparatus in two- or more degrees of freedom.

In one embodiment, the locating means may include a combined
radio frequency- (RF) and acoustic receiver, operable to receive an RF signal

and an acoustic signal from a remote combined RF- and acoustic transmitter.

In one embodiment, the position processor may be operable to
determine the distance of the apparatus from the transmitter based on the

signal delay between the RF and acoustic signals.

In another embodiment the position processor may be operable to
make a relative determination of the position by determining the distance
between contiguous images of the rock face. This may be implemented by so
called image stitching or image mosaicing and the recognition of common

control points or markers on the rock face.
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The acoustic assessment means may include capturing means for
electronically capturing an acoustic signal, and analysis means for analysing the

acoustic signal.

The capturing means may be in the form of a sonic transducer for

generating an electric signal representative of the captured acoustic signal.

The acoustic analysis means may be operable from the
electronically captured acoustic signal to derive an acoustic assessment of the

rock mass.

The acoustic analysis means may include a neural network to

derive an acoustic assessment of the rock mass.

The acoustic analysis means may be operable to generate a

digital output representative of the acoustic assessment of the rock mass.

The thermal assessment means may include a thermal imager for
capturing a thermal image of the rock face, and thermal analysis means for
analysing the thermal image. The thermal analysis means may be operable
from the captured thermal image to derive a thermal assessment of the rock
mass. The thermal analysis means may include an image processor, operable
to process the thermal image and derive information representative of unstable

rock conditions (such as loose rock fragments) from the image.

The iImage processor may include a neural network to derive a

thermal assessment of the rock mass.

The correlation means may include a processor operable from the
outputs of the acoustic analysis means and the thermal analysis means to

derive an integrity of the rock mass.
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The correlation means may be operable to associate the acoustic
analysis and the thermal analysis with locations at which the assessments were

conducted.

The apparatus may include a transmitter operable to transmit
results of the integrity assessment of the rock mass from the assessment

apparatus to a remote receiver.

It Is to be appreciated that the acoustic processor, the image

processor and the location processor may be combined in electronic hardware.

According to another aspect of the invention, there is provided an
assessment arrangement for assessing the integrity of a rock mass, the
assessment arrangement including

an assessment apparatus as described; and
at least three location beacons locatable In known positions, the
assessment apparatus operable in conjunction with the location beacons to

determine its location in two- or three-dimensional space.

The location beacons may be combined RF- and acoustic
transmitters operable to transmit RF and acoustic signals to the assessment

apparatus.

The invention will now be described, by way of example only with

reference to the following drawing(s):

DRAWING(S)

In the drawing(s):
Figure 1 shows a block diagram of an assessment apparatus In

accordance with the invention; and
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Figure 2 shows an assessment arrangement in accordance with the

Invention.

EMBODIMENT OF THE INVENTION

In Figure 1 reference numeral 10 refers to an assessment

apparatus in accordance with the invention.

The assessment apparatus 10 Includes acoustic assessment
means 12 and thermal assessment means 14, in operation to take acoustic-
and thermal assessments of a rock face to determine the integrity of a rock

Mass.

The acoustic- and thermal assessment means 12, 14 are
connected to correlation means 16 which 1s operable to correlate the acoustic
assessment taken by the acoustic assessment means 12 with the thermal
assessment taken by the thermal assessment means 14 and from the
correlated assessments to compile an improved assessment of the integrity of

the rock mass.

The assessment apparatus 10 further includes locating means 18,
also connected to the correlation means 16 for providing a geographic location
of the apparatus 10 at the position where an acoustic- and thermal assessment

IS taken.

The assessment apparatus 10 further includes a transceiver 20
connected to the correlation means 16. The transceiver 20 IS operable to
receive messages from a remote transceiver (not shown) and to transmit
messages to the remote transceiver. In particular, the transceiver 20 is
operable to transmit any data related to the integrity of the rock mass to the

remote transceiver.
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In the example shown, the acoustic assessment means 12 is In
the form of a microphone 22 which can pick up a sound of a rock face when it is
tapped with a sounding bar. The sound of the rock face is indicative of the
Integrity of the rock mass of which the rock face forms part. The microphone 22
IS connected to an acoustic analysis processor 24 which Is operable to receive
the sound from the microphone 22 and then to perform analysis on the sound to

provide an acoustic assessment of the integrity of the rock mass.

The thermal assessment means 14 includes a thermal imager 26
which can capture thermal images of a rock face 36. The thermal imager 26 Is
connected to thermal assessment means Iin the form of an image processor 28.
The image processor 28 Is operable to apply image processing algorithms on a
captured image and to interpret the thermal image in terms of the integrity of the

rock mass.

An output from the image processor 28 and an output from the
acoustic analysis processor 24 are connected to the correlation processor 16.
The correlation processor 16 correlate the output from the acoustic analysis
processor 24 with the output from the Image processor 28 to provide an
assessment of the integrity of the rock mass based on both the acoustic- and

thermal assessments.

The locating means 18 is Iin the form of a combined acoustic-
[radio frequency (RF) position sensor. The locating means thus includes a
radio frequency receiver 30 and an acoustic sensor 32, which are both
connected to a position processor. Outputs from the acoustic sensor and the
RF receilver are combined into a position processor 34, which Is operable from
received acoustic-/RF signals to determine the relative position of the apparatus
10 In relation to a set of external acoustic-/RF transmitters/beacons (see Figure
2). The position processor is operable to determine the distance of the
apparatus 10 from the external acoustic-/RF transmitters based on the signal

delay between the RF and acoustic signals. The position processor 34 is
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operable to identify received acoustic- and RF signals originating from an
identified source. By receiving more than two sets of acoustic-/RF signals, the
position processor 34 is operable to triangulate its position relative to each of
the external acoustic-/RF transmitters. The position processor 34 then provides
an output to the correlation processor 16 to record the relative position of the

apparatus 10 when an acoustic and thermal assessment has been made.

The correlation processor 16 Is operable via the transceiver 20 to
transmit the acoustic- and thermal assessments in combination with the relative

position of the apparatus 10.

In Figure 2 an assessment arrangement 50 is shown with an
assessment apparatus 10 and three external acoustic-/RF transmitters/beacons

52, 54, 56 mounted in known positions along a rock wall 58.

The acoustic-/RF transmitters 52, 54, 56 each transmit a
combined acoustic-/RF signal pair 52.1, 54.1, 56.1, which can be received by
the acoustic sensor 32 and RF receiver 30. The RF signals contains the
identity of the transmitters 52, 54, 56, which is associated with a specific
installation position. By receiving the signal pairs 52.1, 54.1, 56.1 the apparatus
10 can, through triangulation, determine its relative position in two dimensions
to the three sensors 52, 54, 56. By associating the identities of the transmitters
52, 54, 56 with their installed positions, the apparatus can determine its position
along the rock wall 58 In two or three degrees of freedom (i.e. its translation

relative to the sensors 52, 54, 50.

In other embodiments, the processors 24, 28, 16, 34 can be
combined In electronic hardware, depending on the hardware design of the

apparatus 10.

In use a user 60 aims the apparatus 10 towards the rock face 58

to capture a thermal image of the rock face 58. The laser pointer 38 transmits a
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laser beam 38.1 to indicate the position on the rock face 58 where the rock Is to
be tapped. The user 60 taps the rock wall 58 with a sounding bar, and an
acoustic signal 64 is generated and picked up by the microphone 22. The
apparatus 10 takes an acoustic- and thermal assessment of the rock face 58 to

determine the integrity of the rock mass.

The transceiver 20 transmits the acoustic- and thermal
assessment of the rock mass with the location at which they were taken to a

remote receiver (not shown).

The inventor believes that the invention as described provides a

new and method and apparatus of determining the integrity of a rock mass.
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CLAIMS:

1. A method of assessing the integrity of a rock mass, the method including:

conducting a thermal assessment of the rock mass by capturing at least
one thermal image of a rock face with a thermal imager, processing the at least
one thermal image of the rock face by means of image processing algorithms
and generating an electronic signal representative of the thermal integrity of the
rock mass;

conducting an acoustic assessment of the rock face by tapping the rock,
analyzing the returned acoustic signal and generating an electronic signal
representative of the integrity of the rock mass;

recelving the thermal assessment of the integrity of the rock mass;

recelving the acoustic assessment of the integrity of the rock mass: and

correlating the thermal- and acoustic assessments to obtain a combined
assessment of the integrity of the rock mass. |

2. The method as claimed in claim 1, in which processing the thermal
Images of the rock face includes implementing the image processing algorithms
to identify zones on a rock face where thermal differentials occur.

3. The method as claimed in claim 1 or claim 2, in which the image-
processing algorithms are implemented to identify a segmented zone in which a
thermal differential can be detected with respect to the surrounding area on the

rock face.

4. The method as claimed in claim 1, which includes employing electronic

acoustic analysis devices and generating the electronic signal representative of
the acoustic integrity of the rock mass.

5. The method as claimed in claim 1, which includes determining locations
on the rock face at which both the thermal- and acoustic assessments of the
Integrity of the rock mass are to be taken.

e T B AG  F  R ARR  WE  P See BY A bR L 0L EL L e At e it AT D s me e o ah e v i e D ome e o h e L .
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6. The method as claimed in claim 5, in which the position is determined

with reference to fixed beacons.

7. The method as claimed in claim 5, in which the position is determined by
image processing techniques.

8. The method as claimed in claim 5, which includes visually indicating a

location at which the acoustic assessment is to be conducted following the
thermal assessment of the rock face.

9. The method as claimed in claim 8, in which the location at which the
acoustic assessment is to be conducted, is indicated by projecting a laser beam

onto the rock face to ensure that the thermal- and acoustic assessments are
conducted at the same location on the rock face.

10.  The method as claimed in claim 1, in which correlating the thermal- and

acoustic assessments to obtain a combined assessment of the integrity of the
rock mass is automated.

1. The method as claimed in claim 10, in which correlating the acoustic-
and thermal assessments of the rock face includes processing the electronic

signals representative of the thermal- and the acoustic integrity of the rock
mass.

12. The method as claimed in claim 11, in which processing the electronic
signals includes setting up an algorithm representative of any one of a decision
tree, a neural network, to determine the integrity of the rock mass based on the
combined acoustic- and thermal integrity of the rock mass.

13.  An assessment apparatus for assessing the integrity of a rock mass, the
apparatus including:
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acoustic assessment means in the form of a sonic transducer for
generating an electric signal representative of the captured acoustic signal and
acoustic analysis means operable to analyze the acoustic signal and to provide
an acoustic assessment of the integrity of a rock mass and to generate a digital
output representative of the acoustic assessment of the rock mass:

thermal assessment means in the form of a thermal imager for capturing
a thermal image of the rock face and thermal analysis means for analyzing the
thermal image, thereby to provide a thermal assessment of the integrity of a
rock mass; and

correlation means for correlating the acoustic assessment of the integrity
of a rock mass with the thermal assessment of the integrity of a rock mass.

14.  The apparatus as claimed in claim 13, which includes locating means for

determining the locations at which the acoustic- and thermal assessments have
been conducted.

15.  The apparatus as claimed in claim 14, in which the locating means

Includes a position processor, for calculating the location of the apparatus with
reference to fixed beacons.

16. The apparatus as claimed in claim 15, in which the locating means
Includes an image processor, operable to mosaic images together and to

calculate any one of the location of the apparatus and the orientation of the
apparatus with reference to at least two contiguous images.

17.  The apparatus as claimed in any one of claims 15 or 16, in which the
position processor includes triangulation means for determining the position of
the apparatus in two- or more degrees of freedom.

18.  The apparatus as claimed in claim 15, in which the locating means
Includes a combined radio frequency- (RF) and acoustic receiver, operable to
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receive an RF signal and an acoustic signal from a remote combined RF- and
acoustic transmitter.

19.  The apparatus as claimed in claim 18, in which the position processor is

operable to determine the distance of the apparatus from the transmitter based
on the signal delay between the RF and acoustic signals.

20. The apparatus as claimed in claim 13, in which the acoustic analysis

means includes a neural network to derive an acoustic assessment of the rock
mass.

21. The apparatus as claimed in claim 13, in which the thermal analysis

means includes an image processor, operable to process the thermal image

and derive information representative of unstable rock conditions from the
Image.

22. The apparatus as claimed in claim 21, in which the image processor
Includes a neural network to derive a thermal assessment of the rock mass.

23. The apparatus as claimed in claim 13, in which the correlation means

Includes a processor operable from the outputs of the acoustic analysis means
and the thermal analysis means to derive an integrity of the rock mass.

24.  The apparatus as claimed in claim 13, in which the correlation means is
operable to associate the acoustic analysis and the thermal analysis with
locations at which the assessments were conducted.

25. The apparatus as claimed in claim 13, which includes a transmitter

operable to transmit results of the integrity assessment of the rock mass from
the assessment apparatus to a remote receiver.

tagn ﬁknﬁaﬁﬁﬁﬁwnw@wég...;.w.'g-;:_-'._:g.“;-:v- B T o e e, e e e,
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26. The assessment arrangement for assessing the integrity of a rock mass,
the assessment arrangement including

an assessment apparatus as claimed in claim 13; and
at least three location beacons locatable in known positions, the

assessment apparatus operable in conjunction with the location beacons to
determine its location in two- or three-dimensional space.

27. The assessment arrangement as claimed in claim 26, in which the
location beacons are combined RF- and acoustic transmitters operable to
transmit RF and acoustic signals to the assessment apparatus.
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