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(57) Abrégée/Abstract:

A method, apparatus and system for monitoring loading of a payload into a load carrying container is disclosed. The method
Involves acquiring at least one image of a load transfer container during operation of the load transfer container by a first operator to
load the payload Into the load carrying container, and wirelessly transmitting an image signal representing the at least one image.
The method also involves recelving the image signal and producing a display signal for causing the at least one image to be
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displayed for viewing by a second operator to facilitate monitoring of the loading of the payload.
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ABSTRACT

A method, apparatus and system for monitoring loading of a payload into a
load carrying container is disclosed. The method involves acquiring at least
one image of a load transfer container during operation of the load transfer
container by a first operator to load the payload into the load carrying
container, and wirelessly transmitting an image signhal representing the at
least one image. The method also involves receiving the image signal and
producing a display signal for causing the at least one image to be displayed
for viewing by a second operator to facilitate monitoring of the loading of the

payload.



10

15

20

23

30

CA 02683357 2009-10-21

METHOD, SYSTEM AND APPARATUS FOR MONITORING LOADING OF
A PAYLOAD INTO A LOAD CARRYING CONTAINER

BACKGROUND OF THE INVENTION
1. Field of Invention

This invention relates generally to methods and apparatus for monitoring
loading operations and more particularly to producing and transmitting an
image signal representing at least one image of a load carrying container to

facilitate monitoring of loading of a payload.

2. Description of Related Art

Loading of bulk materials into a load carrying container for transport generally
involves the use of loading equipment for transferring the bulk material
payload from a source or storage location into the load carrying container.
The load carrying container generally includes a container for transporting the
payload having an opening for receiving the payload. Exampies of load
carrying containers include, but are not limited to, trucks, ships, and railroad
cars having open box containers, closable box containers, or flatbed loading
platforms. The loading equipment generally includes a load transfer container
for transferring the payload and may include machines having a hydraulically
operated or cable operated bucket for transferring the payload, cranes, forklift

trucks, etc.

Loading operations generally involve at least some element of danger as the
payload being transferred may be heavy and could cause severe injury o
operators involved in the loading operation. Accordingly there exists a need
to provide for efficient monitoring of loading operations by involved operators
to ensure that safe loading practices are followed and that any loading

equipment malfunction or damage is quickly identified.
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Additionally, the payload may include undesired materials such as metals or
other detritus that should not be loaded. Excavation sites may have old
sections of pipe and other undesired material or detritus previously dumped or
left at the site. Such undesirable materials in the payload may potentially
cause equipment damage during loading or during later processing of the
payload.

In mining operations, due to the large size and capital cost of equipment
involved in loading mined ore, monitoring of loading operations is particularly
important. Open pit mines in particular employ extremely large mining
shovels, excavators, or loaders for loading ore payload into equally large open
box haul trucks. In some examples of mining shovels, the bucket has

capacity for loads of 150 tons or more.

There remains a need for methods and systems for monitoring loading

operations to ensure safe and/or efficient operation of the involved equipment.

SUMMARY OF THE INVENTION

In accordance with one aspect of the invention there is provided a method for
monitoring loading of a payload into a load carrying container. The method
involves acquiring at least one image of a load transfer container during
operation of the load transfer container by a first operator to load the payload
into the load carrying container. The method also involves wirelessly
transmitting an image signal representing the at least one image to permit
reception and display of the at least one image for viewing by a second

operator to facilitate monitoring of the loading of the payload.

The method may involve receiving an annunciation alerting the first operator

to a loading condition observed by the second operator.
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Receiving the annunciation may involve receiving a wirelessly transmitted

annunciation of the loading condition.

Receiving the wirelessly transmitted annunciation may involve receiving an
annunciation signal at a receiver associated with the load transfer container,

the annunciation signal being produced In response to a vocal alert uttered by

the second operator.

Receiving the annunciation signal may involve receiving a relayed

annunciation signal from a dispatch center.

Receiving the wireless annunciation may involve establishing a two-way radio
link between the first and second operators to permit voice communication
between the first and second operators for alerting the first operator to the

loading condition.

Receiving the wireless annunciation may involve receiving an annunciation of
at least one of a structural condition of the load transfer container, a hazard
associated with the loading of the payload into the load carrying container, an
indication that a payload portion in the load transfer container exceeds a safe
loading size, an indication that a payload portion in the load transfer container
iIncludes undesired materials or detritus, an indication of a non-uniform
loading condition occurring in the load carrying container, and an indication

that the loading operation should be discontinued.

Acquiring the at least one image may involve acquiring a plurality of video

frames representing real time movements of the load transfer container.

Acquiring the plurality of video frames may involve activating a video camera
to produce the plurality of video frames, the video camera being operably

configured to have a field of view with at least a portion of the load transfer
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container and at least a portion of the load carrying container may be
observable.

Wirelessly transmitting the image signal may involve transmitting one of a
video signal including a piurality of video frames representing real time
movements of the load transfer container, a plurality of image signals, each of
the plurality of image signals representing a still image of one of a plurality of
a discrete states occurring during the loading operation, and a screen image
signal representing a copy of a screen image produced and displayed on a

display associated with the load transfer container.

Wirelessly transmitting the image signal may involve transmitting an image
signal having transmission characteristics that limit reception of the image

signal within a pre-determined radius from the load transfer container.

Wirelessly transmitting the image signal may involve transmitting an image
signal having first transmission characteristics to prevent interference with a
second image signal produced by a second load transfer container, the

second image signal having second transmission characteristics.

Transmitting the image signal having first transmission characteristics may
involve transmitting a first analog image signal having frequencies within a
first frequency band, and the second image signal may include a second

analog image signal having frequencies within a second frequency band.

The method may involve transmitting a control signal encoded with

information representing the first transmission characteristics of the image

signal.

The method may involve receiving a first position signal, the first position

signal indicating a location of the load carrying container, determining a
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location of the load transfer container, and transmitting the control signal may
involve transmitting a control signal encoded with configuration information for
configuring a receiver associated with the load carrying container to receive
the image signal when a distance between the load carrying container and the

load transfer container meets a criterion.

The method may involve producing a second position signal, the second
position signal indicating a location of the load transfer container, and
transmitting the control signal may involve transmitting a control signal
encoded with information representing the location of the load transfer
container to permit a receiver associated with the load carrying container to
be configured to receive the image signal when a distance between the load

carrying container and the load transfer container meets a criterion.

Producing the second position signal may involve producing the second
position signal in response to receiving global positioning system (GPS)

satellite signals.

Transmitting the control signal may involve transmitting a control signal
including channel information identifying a channel for transmitting the image

signal.

In accordance with another aspect of the invention there is provided a method
for monitoring loading of a payload into a load carrying container. The
method involves wirelessly receiving an image signal representing at least
one image of a load transfer container acquired during operation of the load
transfer container by a first operator to load the payload into the load carrying
container. The method also involves producing a display signal for causing
the at least one image to be displayed for viewing by a second operator to
facilitate monitoring of the loading of the payload.
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The method may involve causing a loading condition observed by the second
operator to be annunciated for alerting the first operator to the loading

condition.

Causing the loading condition to be annunciated may involve causing the

loading condition to be wirelessly annunciated.

Causing the loading condition to be wirelessly annunciated may involve
wirelessly transmitting an annunciation signal produced in response to a vocal
alert uttered by the second operator for reception by a first receiver

associated with the load transfer container.

Causing the loading condition to be wirelessly annunciated may involve
transmitting the annunciation signal to a dispatch center for relaying to the first

receiver.

Causing the loading condition to be wirelessly annunciated may involve
establishing a two-way radio link between the first and second operators to
permit voice communication between the first and second operators for

alerting the first operator to the loading condition.

Causing the loading condition to be annunciated may involve causing
annunciation of at least one of a structural condition of the load transfer
container, a hazard associated with the loading of the payload into the load
carrying container, an indication that a payload portion in the load transfer
container exceeds a safe loading size, and an indication that a payload
portion in the load transfer container includes undesired materials or detritus,
an indication of a non-uniform loading condition occurring in the load carrying

container, and an indication that the loading operation should be discontinued.
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The second operator may be located in a compartment of the load carrying
container, and producing the display signal may involve producing a display

signal for causing the at least one image to be displayed on a display located
In the compartment.

Wirelessly receiving the imagé signal may involve receiving the image signal
at a wireless interface of a portable display device.

Wirelessly receiving the image signal may involve receiving one of a video
signal including a plurality of video frames representing real time movements
of the load transfer container, a plurality of image signals, each of the plurality
of image signals representing a still image of one of a plurality of a discrete
states occurring during the loading operation, and a screen image signal

representing a copy of a screen image produced and displayed on a display
associated with the load transfer container.

Wirelessly receiving the image signal may involve receiving a plurality of
Image signals having differing transmission characteristics and causing an
Image signal receiver to be configured to selectively receive one of the

plurality of image signals having transmission characteristics that provide for

best reception.

The method may involve receiving a control signal encoded with information
representing first transmission characteristics of the image signal and
wirelessly receiving the image signal may involve causing a second receiver

to be configured for receiving the image signal having the first transmission

characteristics.

Receiving the control signal may involve receiving a plurality of control
signals, each control signal including an identification of one of a plurality of

load transfer containers, and may further involve causing the second operator
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to be prompted to select one of the plurality of load transfer containers for

monitoring.

Receiving the control signal may involve receiving a control signal encoded
with information representing a location of the load transfer container and may
further involve determining a location of the load carrying container, and
causing a second receiver associated with the load carrying container to be
configured to receive the image signal when a distance between the load

carrying container and the ioad transfer container meets a criterion.

Determining the location of the load transfer container may involve receiving a

global positioning system (GPS) signal.

Causing the second receiver associated with the load carrying container to be
configured to receive the image signal when the distance between the load
carrying container and the load transfer container meets the criterion may
involve causing the second receiver to be configured to receive the image
signal when the load-transfer container is closer to the load carrying container

than other load transfer containers.

Receiving the image signal may involve causing a receiver to periodically
attempt to establish a communications link with transmitters in range of the
first receiver, each transmitter being associated with one of a plurality of load
transfer containers, and selecting one of the transmitters for receiving the
Image sighal when a communications link between the one of the transmitters

meets a quality-of-service criterion.

The method may involve monitoring the quality-of-service while receiving the
Image signal and discontinuing the receiving in response to the quality-of-

service falling below the quality of service criteria.
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The method may involve selecting another one of the transmitters for
receiving the image signal when a communications link between the one of

the transmitters meets the quality-of-service criterion.

In accordance with another aspect of the invention there is provided an image
signal generator apparatus for producing an image signal to facilitate
monitoring of loading of a payload into a load carrying container. The
apparatus includes a camera operably configured to acquiring at least one
image of a load transfer container during operation of the load transfer
container by a first operator to load the payload into the load carrying
container. The apparatus also includes an image signal transmitter operably
configured to wirelessly transmit an image signal representing the at least one
image to permit reception and display of the at least one image for viewing by
a second operator to facilitate monitoring of the loading of the payload by the

second operator.

The apparatus may include a receiver operably configured to receive an
annunciation alerting the first operator to a loading condition observed by the

second operator.

The receiver may be operably configured to receive a wirelessly transmitted

annunciation of the loading condition.

The receiver may be operably configured to receive an annunciation signal at
a receiver associated with the load transfer container, the annunciation signal

being produced in response to a vocal alert uttered by the second operator.

The receiver may be operably configured to receive a relayed annunciation

sighal from a dispatch center.
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The receiver may be operably configured to receive an annunciation of at
least one of a structural condition of the load transfer container, a hazard
associated with the loading of the payload into the load carrying container, an
indication that a payload portion in the load transfer container exceeds a safe
loading size, and an indication that a payload portion in the load transfer
container may include undesired materials or detritus, an indication of a non-
uniform loading condition occurring in the load carrying container, and an

indication that the loading operation should be discontinued.

The camera may be operably configured to acquire a plurality of video frames

representing real time movements of the load transfer container.

The camera may be operably configured to have a field of view with at least a
portion of the load transfer container and at least a portion of the load carrying

container is observable.

The image signal transmitter may be operably configured to transmit one of a
video signal including a plurality of video frames representing real time
movements of the load transfer container, a plurality of image signals, each of '
the plurality of image signals representing a still image of one of a plurality of
a discrete states occurring during the loading operation, and a screen image

signal representing a copy of a screen image produced and displayed on a

display associated with the load transfer container.

The image signal transmitter may be operably configured to transmit an image
signal having transmission characteristics that limit reception of the image

signal within a pre-determined radius from the load transfer container.

The image signal transmitter may be operably configured to transmit an image

signal having first transmission characteristics to prevent interference with a
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second image signal produced by a second load transfer container, the

second image signal having second transmission characteristics.

The image signal transmitter may be operably configured to transmit a first
analog image signal having frequencies within a first frequency band, and the
second image signal may include a second analog image signal having

frequencies within a second frequency band.

The apparatus may include a control signal transmitter operably configured to
transmit a control signal encoded with information representing the first

transmission characteristics of the image signal.

The image signal transmitter may be configurable to act as the control signal

transmitter.

The apparatus may include a first controller operably configured to receive a
first position signal, the first position signal indicating a location of the load
carrying container, determine a location of the load transfer container, and the
control signal transmitter may be operably configured to transmit a control
signal encoded with configuration information for configuring a receiver
associated with the load carrying container to receive the image signal when a

distance between the load carrying container and the load transfer container

meets a criterion.

The apparatus may include a first controller operably configured to produce a
second position signal, the second position signal indicating a location of the
load transfer container, and transmitting the control signal may include
transmitting a control signal encoded with information representing the
location of the load transfer container to permit a receiver associated with the

load carrying container to be configured to receive the image signal when a
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distance between the load carrying container and the load transfer container

meets a criterion.

The apparatus may include a global positioning system (GPS) receiver
operably configured to produce the second position signal in response to

receiving GPS satellite signals.

The control signal transmitter may be operably configured to transmit a control
signal including channel information identifying a channel for transmitting the

image signal.

In accordance with another aspect of the invention there is provided an image
signal transmitter apparatus for use with an image signal processing system,
the image signal processing system including a camera operably configured
to acquire at least one image of a load transfer container during operation of
the load transfer container by a first operator to load the payload into the load
carrying container. The image signal processing system has an image signal
output for producing an image signal. The image signal transmitter apparatus
includes an input for receiving the image signal from the image signal output,
the image signal transmitter being operably configured to wirelessly transmit
an image signal representing the at least one image to permit reception and
display of the at least one image for viewing by a second operator to facilitate

monitoring of the loading of the payload by the second operator.

In accordance with another aspect of the invention there is provided a display
signal generator apparatus for monitoring loading of a payload into a load
carrying container. The apparatus includes an image signal receiver operably
configured to wirelessly receive an image signal representing at least one
image of a load transfer container acquired during operation of the load
transfer container by a first operator to load the payload into the load carrying

container. The apparatus also includes the image signal receiver being
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operably configured to produce a display signal for causing the at least one
image to be displayed for viewing by a second operator to facilitate monitoring

of the loading of the payload.

The apparatus may include an annunciation signal transmitter operably
configured to cause a loading condition observed by the second operator to

be wirelessly transmitted for alerting the first operator to the loading condition.

The annunciation signal transmitter may be operably configured to wirelessly
transmit an annunciation signal produced in response to a vocal alert uttered

by the second operator.

The annunciation signal transmitter may be operably configured to transmit an
annunciation of at least one of a structural condition of the load transfer
container, a hazard associated with the loading of the payload into the load
carrying container, an indication that a payload portion in the load transfer
container exceeds a safe loading size, and an indication of a non-uniform

loading condition occurring in the load carrying container.

The second operator may be located in a compartment of the load carrying
container, and the load carrying container may further include a display
mounted In the compartment, the display being operably configured to cause

the at least one image to be displayed on the display in response to receiving
the display signal.

The image signal receiver may include a wireless interface of a portable

display device.

The image signal receiver may be operably configured to receive one of a
video signal including a plurality of video frames representing real time

movements of the load transfer container, a plurality of image signals, each of
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the plurality of image signals representing a still image of one of a plurality of
a discrete states occurring during the loading operation, and a screen image
signal representing a copy of a screen image produced and displayed on a

display associated with the load transfer container.

The image signal receiver may be operably configured to receive a plurality of
Image signals and to select one of the plurality of image signhals having

transmission characteristics that provide for best reception.

The apparatus may include a second controller in communication with a
control signal receiver for receiving a control signal encoded with information
representing first transmission characteristics of the image signal, the second
controller being operably configured to cause the image signal receiver to be
configured for receiving the image signal having the first transmission

characteristics.

The image signal receiver may be configurable to act as the control signal

receiver.

The control signal receiver may be operably configured to receive a plurality
of control signals, each control signal including an identification of one of a
plurality of load transfer containers, and the second controller may be
operably configured to cause the second operator to be prompted to select

one of the plurality of load transfer containers for monitoring.

The second controller may be operably configured to cause the control signal
receiver to receive a control signal encoded with information representing a
location of the load transfer container, determine a location of the load
carrying container, and cause the image signal receiver to be configured to
receive the image signal when a distance between the load carrying container

and the load transfer container meets a criterion.
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The apparatus may include a global positioning system (GPS) receiver
operably configured to produce a position signal representing the location of

the load carrying container in response to receiving GPS satellite signals.

The apparatus may include a second controlier in communication with the
image signal receiver, the second controller being operably configured to
cause the image signal receiver to periodically attempt to establish a
communications link with image signal transmitters in range of the first
receiver, each image signal transmitter being associated with one of a
plurality of load transfer containers, and to select one of the imége signal
transmitters for receiving the image signal when a communications link

between the one of the transmitters meets a quality-of-service criterion.

The second controlier may be operably configured to monitor the quality-of-
service while receiving the image signal and to discontinue the receliving in

response to the quality-of-service falling below the quality-of-service criterion.

The second controller may be operably configured to select another one of
the transmitters for receiving the image signal when a communications link

between the one of the transmitters meets the quality-of-service criterion.

In accordance with another aspect of the invention there is provided a method
for monitoring loading of a payload into a load carrying container. The
method involves acquiring at least one image of a load transfer container
during operation of the load transfer container by a first operator to load the
payload into the load carrying container, and wirelessly transmitting an image
signal representing the at least one image. The method also involves
receiving the image signal and producing a display signal for causing the at
least one image to be displayed for viewing by a second operator to facilitate

monitoring of the loading of the payload.
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In accordance with another aspect of the invention there is provided a system
for monitoring loading of a payload into a load carrying container. The system
includes an image signal generator. The image signal generator includes a
camera operably configured to acquire at least one image of a load transfer
container during operation of the load transfer container by a first operator to
load the payload into the load carrying container. The image signal generator
also includes an image signal transmitter operably configured to wirelessly
transmit an image signal representing the at least one image. The system
also includes a display signal generator operably configured to receive the
image signal and to produce a display signal for causing the at least one
image to be displayed for viewing by a second operator to facilitate monitoring

of the loading of the payload.

In accordance with another aspect of the invention there is provided a method
for monitoring a location of a load carrying container with respect to an
obstacle. The method involves acquiring at least one image of a terrain
surrounding the obstacle, and wirelessly transmitting an image signal
representing the at least one image to permit reception and display of the at
least one image for viewing by an operator to facilitate monitoring of a location

of the load carrying container relative to the obstacle.

In accordance with another aspect of the invention there is provided an image
signal generator apparatus for producing an image signal to facilitate
monitoring a location of a load carrying container with respect to an obstacle.
The apparatus includes a camera located proximate the obstacle and
operably configured to acquire at least one image of a terrain surrounding the
obstacle, and an image signal transmitter operably configured to wirelessly
transmit an image signal representing the at least one image to permit

reception and display of the at least one image for viewing by an operator to
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facilitate monitoring of a location of the load carrying container relative to the

obstacle.

Other aspects and features of the present invention will become apparent to
those ordinarily skilled in the art upon review of the following description of
specific embodiments of the invention in conjunction with the accompanying

figures.

BRIEF DESCRIPTION OF THE DRAWINGS

In drawings which illustrate embodiments of the invention,

Figure 1 is a side view of load transfer container being operated to load a
payload into a load carrying container in accordance with a first

embodiment of the invention:;

Figure 2 is a block diagram of an image signal generator in accordance

with one embodiment of the invention;

Figure 3 is a block diagram of a display signal generator in accordance with

one embodiment of the invention:
Figure 4 is a plan view of an exemplary mine site;

Figure 5 is a block diagram of an alternative embodiment of a system for

monitoring loading of a payload;

Figure 6 IS a process flowchart illustrating a first operational embodiment of

the system shown in Figure 5;

Figure 7 Is schematic view of a processor circuit for implementing a

controller shown in Figure 5;
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is a flowchart including blocks of codes for directing the processor
circuit shown in Figure 7 to implement a second operational

embodiment of the system shown in Figure 5;

is a flowchart including blocks of codes for directing the processor
circuit shown in Figure 7 to implement a third operational

embodiment of the system shown in Figure 5;

Is a flowchart including blocks of codes for directing the processor
circuit shown in Figure 7 to implement a fourth operational

embodiment of the system shown in Figure 5;

iIs a block diagram of an image signhal generator apparatus

implemented as an add-on to an image processing system;

IS a block diagram of an image signal generator apparatus in

accordance with an alternative embodiment of the invention; and

IS a block diagram of a display signal generator in accordance with

an altemative embodiment of the invention.
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