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modules so that interchange can be accomplished easily if damaged or requiring calibration. As improved electrical hardware becomes
available, new electrical modules including the hardware may be included in the probe.
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A MINE BOREHOLE SENSOR PROBE

TECHNICAL FIELD

[0001] The present invention generally relates to a mine borehole sensor probe.

BACKGROUND

[0002] The reference to any prior art in this specification is not, and should not be
taken as an acknowledgement or any form of suggestion that the prior art forms part of
the common general knowledge.

[0003] Mine borehole sensor probes are used in identification of borehole

mineralogy, geometry and other borehole properties.

[0004] A known probe consists of multiple electrical components mounted on one
sled. In practice, one or more electrical components may become damaged in the
rugged borehole environment or require calibration, thereby undesirably resulting in the

probe being out of operation.

[0005] The preferred embodiment provides for an improved mine borehole sensor
probe.

SUMMARY OF THE INVENTION

[0006] According to one aspect of the present invention, there is provided a modular
mine hole sensor probe for moving along a mine hole, the probe including electrical
modules for releasably and serially connecting together.

[0007] Advantageously, the modular probe includes replaceable electrical modules
so that interchange can be accomplished easily if damaged or requiring calibration. As
improved electrical hardware becomes available, new electrical modules including the

hardware may be included in the probe.

[0008] Each pair of adjacent modules may include a connector interface. The

connector interface may form a water tight seal.
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[0009] The connector interface may include complementary electrical connectors.
The connector interface may include an electrical male plug of one module for engaging
with an electrical female socket of the other module. The electrical male plugs and

female sockets may alternate along the probe.

[00010] The electrical connectors may include a data communications line and/or

power line.

[00011] The connector interface may include complementary mechanical connectors.
One of the connectors may include an annulus for being received in a well of the other
connector. The annulus may be ribbed to impede moisture ingress. The connectors may
be axially connected together. The connectors may be locked together. The connectors

may alternate along the probe.

[00012] The modules may include an image capture module for capturing images as
the probe moves along the hole. The image capture module may include a camera. The
image capture module may include a (red, green, blue) RGB sensor for sensing the
colour of the material. The image capture module may include a range finder. The range
finder may include a microcontroller for Inter-Integrated Circuit (12C) communication to
LAN.

[00013] The modules may include a LiDAR (Light Detection and Ranging) sensor

module for providing LIDAR data as the probe moves along the hole.

[00014] The modules may include a controller module for controlling the probe. The
controller module may include a cache for caching sensory date from one or more other

modules.

[00015] The modules may include an optical module for sensing optical
characteristics of the material in which the hole is formed. The optical module may
include an opitic fibre cable for coupling to a speciroradiometer that senses and scans
spectral data as the probe moves along the hole. The optical module may include a
wire cable for coupling in communication with a processor. The optical module may

include a microcontroller for control of the optic fibre cable.
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[00016] Each module may include bussed Power Sourcing Equipment (PSE). Each
module may include a bussed switch. Each module may include a LAN bus.

[00017] According to another aspect of the present invention, there is provided a
mine hole system including:

the sensor probe; and

a processor for processing probe data from the probe.

[00018] The system may further include an encoder for sensing the depth of the
probe moving along the hole. The system may further include at least one winch for
winching the probe along the hole. The winch may include at least one winch line

coupled to the probe.

[00019] The system may further include a spectroradiometer for providing spectral

data as the probe moves along the hole.

[00020] The system may be mobile, preferably carried by a vehicle, so that the probe
data may be processed at site of the hole.

[00021] According to another aspect of the present invention, there is provided a
method for using a modular mine hole sensor probe for moving along a mine hole, the
probe including electrical modules for releasably and serially connecting together, the
method involving:

replacing one or more of the electrical modules so that interchange can be

accomplished easily if damaged or requiring calibration.

[00022] The method may involve replacing one of the modules with a new module

with improved electrical hardware.

[00023] Any of the features described herein can be combined in any combination
with any one or more of the other features described herein within the scope of the

invention.

BRIEF DESCRIPTION OF THE DRAWINGS
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[00024] Preferred features, embodiments and variations of the invention may be

discerned from the following Detailed Description which provides sufficient information

for those skilled in the art to perform the invention. The Detailed Description is not to be

regarded as limiting the scope of the preceding Summary of the Invention in any way.

The Detailed Description will make reference to a number of drawings as follows:

[00025] Figure 1 is a rear view of a mine borehole system with a modular mine

borehole sensor probe in accordance with an embodiment of the present invention;

[00026] Figure 2 is a side view of the modular mine borehole sensor probe in Figure
15

[00027] Figures 3A shows end views of adjacent modules of the sensor probe of

Figure 2;

[00028] Figures 3B shows end perspective views of the of the adjacent modules of
Figure 3A;

[00029] Figures 3C is a side view showing the interconnection of the adjacent
modules of Figure 3A; and

[00030] Figure 4 is an electrical circuit of an electrical module of the sensor probe of
Figure 2.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[00031] According to an embodiment of the present invention, there is provided a
transportable mine borehole system 100 as shown in Figure 1. The system 100 includes

a modular multi-sensor probe 102 for moving along a borehole 104.

[00032] The probe 102 includes four electrical modules 106, 108, 109, 110 for
releasably and serially connecting together. Advantageously, the modular probe 102
includes replaceable electrical modules 106, 108, 109, 110 so that interchange can be
accomplished easily if any of the modules 106, 108, 109, 110 are damaged or require
calibration. As improved electrical hardware becomes available, new electrical modules
106, 108, 109, 110 including the hardware may be substituted in the probe 102. New
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modules 106, 108, 109, 110 could add features, reduce the average probe diameter or

improve data collection.

[00033] The system 100 also includes a laptop 112 (i.e. processor) for processing the

probe data to optionally generate a three-dimensional (3D) model of the borehole 104.

[00034] The system 100 further includes a wireline winch 114 for winching the probe
102 by electrical wire along the borehole 104. The winch 114 includes an encoder for
sensing the depth of the probe 104 moving along the borehole 104. The electrical wire

cable is in communication between the modules 106, 108, 109, 110 and laptop 112.

[00035] The system 100 further includes a fibre winch 116 for winching the probe 102
by optic fibre cable (fibre winch line) along the borehole 104. Pulleys 118 mounted to a
boom 120 are used to feed the optic fibre and wire winch lines.

[00036] The system 100 further includes a spectroradiometer 122, coupled to the
optic fibre, for sensing light characteristics and providing associated scanning spectral

data as the probe 102 moves up along the borehole 104.

[00037] The mobile system 100 is carried by a four-wheel drive (4WD) vehicle 124,
so that the model can be instantaneously generated for analysis at the site of the

borehole 104 in the mine.

[00038] Turning to Figure 2, the electrical modules 106, 108, 109, 110 are serially
interconnected together, from the head to tail along the probe 102, as follows: optical
module 106, controller module 108, LIDAR (Light Detection and Ranging) sensor

module 109 and image capture module 110.

[00039] The topmost optical module 106 senses optical characteristics of the material
in which the borehole 104 is formed. The optical module 106 includes the optic fibre
cable 200, the end of which is located behind a transparent window. The optic fibre
cabie 200 is coupled to the spectroradiometer 122 that senses and scans spectral data
as the probe 102 moves along the borehole 104. The optical module 106 also includes
the wire cable 202, and associated electrical connectors, for coupling the laptop 112 in

communication with a common electrical bus of the modules 106, 108, 109, 110.
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[00040] The next controller module 108 is provided for controlling various functions of

the probe 102. The controller module 102 also includes a cache for caching sensory

data from one or more other modules 106, 109, 110.

[00041] The next dual LIDAR (Light Detection and Ranging) sensor module 109 is
provided for sensing ranges and providing associated borehole topographical range
LiDAR data as the probe 102 moves (ascends and/or descends) along the borehole
104.

[00042] Finally, the bottommost image capture (or camera) module 110 is provided
for capturing images as the probe 102 moves along the borehole 104. The image
capture module 110 includes a downward-pointed camera and a (red, green, blue) RGB
sensor for sensing the colour of the material. The image capture module 110 also

includes a range finder.

[00043] Turning to Figure 3A and 3B, each pair of adjacent modules (106, 108 or
108,109 or 109, 110} includes an end connector interface 300. The connector interface
300 forms a water tight seal to prevent the ingress of water into the internal module

electronics.

[00044] The connector interface 300 includes complementary electrical connectors
302, 304. In particular, the connector interface 300 includes an upstream electrical male
plug 302 of one module 106 for engaging with an electrical female socket 304 of the
other module 108. Accordingly, the electrical male plugs 302 and female sockets 304
alternate along the probe 102. The electrical connectors 302, 304 include data

communications and power lines.

[00045] The connector interface 300 also includes complementary mechanical
connectors 306, 308. The downstream mechanical connector 308 includes an annulus
for being received in an annular well of the upstream mechanical connector 306. The
outside surface of the annulus is ribbed, and/or includes one or more O-rings, to impede

moisture ingress.

[00046] Turning to Figure 3C, the mechanical connectors 306, 308 are axially
connected by pressing the adjacent modules 106, 108 together. Once pressed together,

a locking collar 310 of the upstream mechanical connector 306 is locked downwards
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with protrusions 312 of the downstream mechanical connector 308. In locking, an
internal lip of the collar 310 is forced over the protrusions 312. The connectors 306, 308
alternate along the probe 102.

[00047] The connector interface 300 provides a mechanism of physically connecting
modules that provides a firm connection and satisfies the standard IP69. The modular
design interface 300 enables sliding into a shell which provides a smaller profile for

avoiding water to impact the internal electronics.

[00048] Figure 4 shows common electrical circuitry 400 of each module 106, 108,
109, 110. The common circuitry 400 includes bussed Power over the Ethemet (POE)
Power Sourcing Equipment (PSE) 402. Further, the common circuitry 400 includes a
bussed switch 404 for isolating the module from the other modules connected to a local
area network (LAN) bus 406. The common circuitry 400 also includes one or more local
sensors 408 (e.g. camera, RGB sensor, renge sensor, LIDAR, etc.), dependent upon
the module 106, 108, 109, 110.

[00049] The optical module 106 includes a small microcontroller 410 for halo and

servo control of the optic fibre cable 200 via a general-purpose input/output (GIPO) 412.

[00050] In the image capture module 110, with range finder, the microcontroller 410
can be used for Inter-Integrated Circuit (12C) communication 414.

[00051] This common electrical circuitry 400 enables transferring power and data
between the probe 102 and the surface, connecting the modules 106, 108, 109, 110
such that data and power transfer is seamless regardless of the number of modules.
Each module 106, 108, 109, 110 provides the ability to facilitate communications with
modules above and below it in the overall probe 102. Accordingly, the probe 102
provides a method of transferring information from each module to the surface. For
example, the electrical circuitry 400 in each module transports RGB information from
the lowest module 110, through each module 106, 108, 109, before being sent to the

surface.

[00052] A method for using the modular mine borehole sensor probe 02 involves
replacing one or more of the electrical modules 106, 108, 109, 110 so that interchange

can be accomplished easily if damaged or requiring calibration. The modules 106, 108,
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109, 110 may also be upgraded with a new module with improved electrical hardware.

Each module is self-contained and changes to one module does not affect the others.

The modules 106, 108, 109, 110 are highly configurable and can be of different

diameters.

[00053] A person skilled in the art will appreciate that many embodiments and
variations can be made without departing from the ambit of the present invention.

[00054] In one embodiment, the modules may include an Inertial Measurement Unit
(IMU) module for sensing acceleration, orientation, angular rates, and other gravitational
forces and providing associated inertial data as the probe 102 moves along the
borehole 104.

[00055] In compliance with the statute, the invention has been described in language
more or less specific to structural or methodical features. It is to be understood that the
invention is not limited to specific features shown or described since the means herein

described comprises preferred forms of putting the invention into effect.

[00056] Reference throughout this specification to ‘one embodiment’ or ‘an
embodiment’ means that a particular feature, structure, or characteristic described in
connection with the embodiment is included in at least one embodiment of the present
invention. Thus, the appearance of the phrases ‘in one embodiment’ or ‘in an
embodiment’ in various places throughout this specification are not necessarily all
referring to the same embodiment. Furthermore, the particular features, structures, or

characteristics may be combined in any suitable manner in one or more combinations.
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The claims defining the invention are as follows:

1. A modular mine hole sensor probe for moving along a mine hole, the probe
including electrical modules for releasably and serially connecting together.

2. A modular mine hole sensor probe as claimed in claim 1, wherein each pair of

adjacent modules includes a connector interface.

3. A modular mine hole sensor probe as claimed in claim 2, wherein the connector

interface forms a water tight seal.

4. A modular mine hole sensor probe as claimed in claim 2, wherein the connector

interface includes complementary electrical connectors.

5. A modular mine hole sensor probe as claimed in claim 4, wherein the connector
interface includes an electrical male plug of one module for engaging with an electrical
female socket of the other module.

6. A modular mine hole sensor probe as claimed in claim 5, wherein the electrical

male plugs and female sockets alternate along the probe.

7. A modular mine hole sensor probe as claimed in claim 4, wherein the electrical

connectors include a data communications line and power line.

8. A modular mine hole sensor probe as claimed in claim 1, wherein each module

includes bussed Power Sourcing Equipment (PSE).

9. A modular mine hole sensor probe as claimed in claim 1, wherein each module

includes a bussed switch.

10. A modular mine hole sensor probe as claimed in claim 1, wherein each module

includes a LAN bus.

11. A modular mine hole sensor probe as claimed in claim 2, wherein the connector

interface includes complementary mechanical connectors.
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12. A modular mine hole sensor probe as claimed in claim 11, wherein one of the

connectors includes an annulus for being received in a well of the other connector.

13. A modular mine hole sensor probe as claimed in claim 12, wherein the annulus is

ribbed to impede moisture ingress.

14. A modular mine hole sensor probe as claimed in claim 11, wherein the

connectors are axially connected together.

15. A modular mine hole sensor probe as claimed in claim 11, wherein the
connectors are locked together.

16. A modular mine hole sensor probe as claimed in claim 11, wherein the

connectors alternate along the probe.

17. A modular mine hole sensor probe as claimed in claim 1, wherein the modules
include an image capture module for capturing images as the probe moves along the
hole.

18. A modular mine hole sensor probe as claimed in claim 17, wherein the image

capture module includes a camera.

19. A modular mine hole sensor probe as claimed in claim 17, wherein the image
capture module includes a (red, green, blue) RGB sensor for sensing the colour of the

material.

20. A modular mine hole sensor probe as claimed in claim 17, wherein the image

capture module includes a range finder.

21. A modular mine hole sensor probe as claimed in claim 20, wherein the range
finder includes a microcontroller for Inter-Integrated Circuit (I2C) communication to LAN.

22. A modular mine hole sensor probe as claimed in claim 1, wherein the modules
include a LiDAR (Light Detection and Ranging) sensor module for providing LiDAR data
as the probe moves along the hole.
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23. A modular mine hole sensor probe as claimed in claim 1, wherein the modules

include a controller module for controlling the probe.

24. A modular mine hole sensor probe as claimed in claim 23, wherein the controller

module includes a cache for caching sensory date from one or more other modules.

25. A modular mine hole sensor probe as claimed in claim 1, wherein the modules
include an optical module for sensing optical characteristics of the material in which the
hole is formed.

26. A modular mine hole sensor probe as claimed in claim 26, wherein the optical
module includes an optic fibre cable for coupling to a spectroradiometer that senses

and scans spectral data as the probe moves along the hole.

27. A modular mine hole sensor probe as claimed in claim 26, wherein the optical

module includes a wire cable for coupling in communication with a processor.

28. A modular mine hole sensor probe as claimed in claim 26, wherein the optical

module includes a microcontroller for control of the optic fibre cable.

29. A mine hole system including:
the sensor probe of claim 1; and

a processor for processing probe data from the probe.

30. A system as claimed in claim 29, further including an encoder for sensing the

depth of the probe moving along the hole.

31. A system as claimed in claim 29, further including at least one winch for winching
the probe along the hole.

32. A system as claimed in claim 29, further including a spectroradiometer for

providing spectral data as the probe moves along the hole.

33. A system as claimed in claim 29, being mobile and carried by a vehicle so that

the probe data is processed at site of the hole.
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34. A method for using a modular mine hole sensor probe for moving along a mine
hole, the probe including electrical modules for releasably and serially connecting
together, the method involving:

replacing one or more of the electrical modules so that interchange can be

accomplished easily if damaged or requiring calibration.
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