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(57) Abstract: A system (10) including a mobilc machine (20) and a central control station (30) is provided. The mobilc machine
includes a communication device (70) and a position monitoring system (50) including a receiver (55) configured to receive posi-
tion data from a positioning satcllitc (40) and gencrate a position signal. The position monitoring system also includes an incrtial
navigation unit (60) including a sensor (61, 62, 63) configured to measure a parameter of the mobile machine and generate a
movement signal. The position monitoring system also includes a controller (65) configured to receive the position signal and the
movement signal, detect an unavailability of the position signal, calculate a position parameter, determine whether a difference be-
twecen a first and a second value of a paramcter exceeds a predetcrmined threshold, and gencratc a waming signal. The central con-
trol station is configured to communicate with the controller, receive the position signal and/or the movement signal, and monitor
the position of the mobilc machinc.
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Description

POSITION MONITORING SYSTEM FOR A MOBILE MACHINE

Technical Field

The present disclosure relates generally to a position monitoring
system and, more particularly, to a position monitoring system for a mobile

machine.

Background

Position monitoring systecms have been employed in mobilc
machines, such as earthmoving machines, for monitoring the position and
guiding the travel of the machines. A typical position monitoring system
includes a GPS (global positioning system) receiver located on-board a mobile
machine to receive position data from a plurality of GPS satellites. In some
circumstances, for example, when the machine is traveling within a tunnel, GPS
signals may become unavailable. In such circumstances, an inertial navigation
system may be employed to supplement the GPS system and to provide position
data for the mobile machine. Such an inertial navigation system typically
includes various inertial sensors, such as speed sensors, acceleration sensors,
gyroscopes, etc.

A navigation apparatus is described in U.S. Patent Application
Publication No. 2008/0109166 A1 (the *166 publication) to Takaoka et al.
published on 8 May 2008. The navigation apparatus of the 166 publication
includes a GPS proccssing scction which reccives and processes GPS signals, and
an acccleration sensor. When the GPS signals become unavailable, position data
is calculated based on accelcration signals provided by the acceleration scnsor,
and learning results provided by a learning section of an arithmetic processing
unit which learns various parameters from previously received GPS signals

before the GPS signals become unavailable.
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Although the navigation apparatus of the 166 publication may provide autonomous position
data when GPS signals become unavailable, the navigation apparatus may be problematic. For
example, at least one of the GPS processing section and the acceleration sensor may malfunction
and provide faulty position data, and the navigation apparatus of the 166 publication may not have

the capacity to diagnose and detect such a malfunction.

The present disclosure is directed toward improvements in the existing technology.

Summary

In one aspect, the present disclosure is directed to a system, comprising: a mobile machine
including a communication device, and a position monitoring system associated with the mobile
machine, the position monitoring system including: a receiver configured to receive position data
from a positioning satellite and to generate a position signal based on the received position data, the
receiver being located on-board the mobile machine; an inertial navigation unit including a sensor
configured to measure a parameter associated with movement of the mobile machine, and to
generate a movement signal based on the measured parameter, the inertial navigation unit being
located on-board the mobile machine; and a controller associated with the receiver and the inertial
navigation unit, and being configured to: receive the position signal when the position signal is
available; receive the movement signal; detect an unavailability of the position signal; calculate a
position parameter for the mobile machine based on the received movement signal and the position
signal received before detection of the unavailability of the position signal; determine whether a
difference between a first value of a parameter determined from the position signal and a second
value of the same parameter determined from the movement signal exceeds a predetermined
threshold, wherein the controller is configured to save the position signal after determining that the
difference between the parameter determined from the position signal and the same parameter
determined from the movement signal does not exceed the predetermined threshold; and generate a
warning signal after determining that the difference exceeds the predetermined threshold; and a
central control station configured to: communicate with the controller through the communication
device; receive the position signal and/or the movement signal through the communication device;

and monitor the position of the mobile machine.

In another aspect, the present disclosure is directed to a system, comprising: a mobile
machine including a communication device, and a position monitoring system associated with the

mobile machine, the position monitoring system including: a receiver configured to receive position
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data from a positioning satellite and to generate a position signal based on the received position
data, the receiver being located on-board the mobile machine; an inertial navigation unit including a
sensor configured to measure a parameter associated with movement of the mobile machine, and to
generate a movement signal based on the measured parameter, the inertial navigation unit being
located on-board the mobile machine; and a controller associated with the receiver and the inertial
navigation unit, and being configured to: receive the position signal when the position signal is
available; receive the movement signal; detect an unavailability of the position signal; calculate a
position parameter for the mobile machine based on the received movement signal and the position
signal received before detection of the unavailability of the position signal; determine whether a
difference between a first value of a parameter determined from the position signal and a second
value of the same parameter determined from the movement signal exceeds a predetermined
threshold; and generate a warning signal after determining that the difference exceeds the
predetermined threshold; and a central control station configured to: communicate with the
controller through the communication device; receive the position signal and/or the movement
signal through the communication device; and monitor the position of the mobile machine; and
wherein the position monitoring system further includes a ground-based positioning system
configured to provide position data associated with the movement of the mobile machine, and
wherein the controller is further configured to: calculate a third value of the same parameter;
compare the first, second, and third values of the same parameter; and determine whether a
difference between any one of the first, second, and third values and the remaining two of the first,
second, and third values exceeds a predetermined threshold, and wherein the controller is further
configured to determine whether a self-diagnosis is to be conducted, and save the received position
signal as a last position signal after the self-diagnosis is conducted and after determining that the
difference between any one of the first, second, and third values and the remaining two of the first,

second, and third values does not exceed the predetermined threshold.

In a further aspect, there is provided a system, comprising: a mobile machine including a
communication device, and a position monitoring system associated with the mobile machine, the
position monitoring system including: a receiver configured to receive position data from a
positioning satellite and to generate a position signal based on the received position data, the
receiver being located on-board the mobile machine; an inertial navigation unit including a sensor
configured to measure a parameter associated with movement of the mobile machine, and to
generate a movement signal based on the measured parameter, the inertial navigation unit being

located on-board the mobile machine; and a controller associated with the receiver and the inertial
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navigation unit, and being configured to: receive the position signal when the position signal is
available; receive the movement signal; detect an unavailability of the position signal; calculate a
position parameter for the mobile machine based on the received movement signal and the position
signal received before detection of the unavailability of the position signal;, determine whether a
difference between a first value of a parameter determined from the position signal and a second
value of the same parameter determined from the movement signal exceeds a predetermined
threshold; and generate a warning signal after determining that the difference exceeds the
predetermined threshold; and a central control station configured to: communicate with the
controller through the communication device; receive the position signal and/or the movement
signal through the communication device; and monitor the position of the mobile machine; and
wherein the controller is further configured to: select a first navigation mode or a second navigation
mode based on an availability of the position signal generated based on position data received from
the positioning satellite; and determine whether a self-diagnosis is to be conducted, and save the
received position signal as a last position signal after the self-diagnosis is conducted and after

determining that the difference does not exceed the predetermined threshold.

In yet a further aspect, there is provided a system, comprising: a mobile machine including
a communication device, and a position monitoring system associated with the mobile machine,
the position monitoring system including: a receiver configured to receive position data from a
positioning satellite and to generate a position signal based on the received position data, the
receiver being located on-board the mobile machine; an inertial navigation unit including a
sensor configured to measure a parameter associated with movement of the mobile machine, and
to generate a movement signal based on the measured parameter, the inertial navigation unit
being located on-board the mobile machine; and a controller associated with the receiver and the
inertial navigation unit, and being configured to: receive the position signal when the position
signal is available; receive the movement signal; detect an unavailability of the position signal;
calculate a position parameter for the mobile machine based on the received movement signal
and the position signal received before detection of the unavailability of the position signal;
determine whether a difference between a first value of a parameter determined from the position
signal and a second value of the same parameter determined from the movement signal exceeds a
predetermined threshold; generate a warning signal after determining that the difference exceeds
the predetermined threshold; determine whether a self-diagnosis is to be conducted; and save the
received position signal as a last position signal after the self-diagnosis is conducted and after

determining that the difference does not exceed the predetermined threshold; and a central
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control station configured to: communicate with the controller through the communication
device; receive the position signal and/or the movement signal through the communication

device; and monitor the position of the mobile machine.

Brief Description of the Drawings

Fig. 1 is a schematic illustration of an exemplary disclosed system having an exemplary

position monitoring system,

Fig. 2 is a diagrammatic illustration of an exemplary operation of the disclosed position

monitoring system of Fig. 1;

Fig. 3 is a diagrammatic illustration of an exemplary operation of the disclosed position

monitoring system of Fig. 1; and

Fig. 4 is a diagrammatic illustration of an exemplary operation of the disclosed position

monitoring system of Fig. 1.

Detailed Description

Fig. 1 is a schematic illustration of an exemplary system 10. System 10 may be employed in
a wide variety of applications, such as mobile machine management in mining fields and
construction fields, etc. System 10 may be a networked worksite. System 10 may include at least
one mobile machine 20. System 10 may also include a central control station 30 configured to

communicate with mobile machine 20, for example, by sending and receiving
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signals to and from mobile machine 20 through wired or wireless means. Central
control station 30 may be located at the worksite, or may be remotely located.

System 10 may include a position monitoring system 50, which
may include at least one positioning system or device configured to provide
position data for mobile machinc 20 and/or central control station 30. For
example, position monitoring system 50 may include a Global Positioning
System (GPS) 45, which may include a receiver 55 configured to communicate
with at least one GPS satellite 40. Receiver 55 may be located on-board mobile
machine 20, and may be configured to receive position data from GPS satellite
40. Receiver 55 may generate positioning signals based on the received GPS
position data. It is contemplated that receiver 55 may also send signals to GPS
satellite 40. When GPS signals from satellite 40 become unavailable to receiver
55, for example, when mobile machine 20 is traveling within a tunnel, a signal
indicative of the unavailability of the GPS signals may be generated, for example,
by receiver 55.

Position monitoring system 50 may also include at least one or
more additional positioning systems for monitoring the position of mobile
machine 20. For example, position monitoring system 50 may include an inertial
navigation unit 60.

Incrtial navigation unit 60 may be located on-board mobile
machine 20. Inertial navigation unit 60 may include onc or more scnsors
configured to measure one or more parameters associated with the movement of
mobile machine 20. In one embodiment, as shown in Fig. 1, inertial navigation
unit 60 may include a speed sensor 61, an acceleration sensor 62, and a steering
direction sensor 63. Speed sensor 61 may be configured to measure the speed of
mobile machine 20. Acceleration sensor 62 may be configured to measure an
acceleration of mobile machine 20. Steering direction sensor 63 may be
configured to measure a steering or movement direction of mobile machine 20. It

is contemplated that inertial navigation unit 60 may include other types of
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sensors, and may include a greater or a lesser number of sensors. For example, in
some embodiments, inertial navigation unit 60 may not include speed sensor 61.
In some embodiments, inertial navigation unit 60 may include additional sensors,
such as a barometer configured to measure the altitude of the location of mobile
machinc 20, an odometcr configured to measurc a traveling distancc of mobile
machine 20, etc. In some embodiments, inertial navigation unit 60 may include a
gyroscope, which may include acceleration sensor 62 as a component.

In some embodiments, position monitoring system 50 may further
include a ground-based positioning system 75 configured to determine movement
parameters, such as, position, speed, acceleration, altitude, angular rate, pitch
rate, etc., of mobile machine 20. Ground-based positioning system 75 may be
any suitable ground based positioning systems, such as, for example, a laser-
based positioning system. Ground-based positioning system 75 may include a
station 80, a receiving device 95, and a plurality of devices 90. Station 80 may be
configured to emit and/or receive signals, and may be configured to communicate
with at least one of the receiving device 95 and the devices 90.

Receiving device 95 may be located on-board mobile machine 20
to receive the signals from station 80. Devices 90 may be sensors, emitters, or
receivers, and may be located at various locations on the ground. Devices 90
may communicatc with receiving device 95 and/or station 80 to determinc a
movement paramcter of mobile machine 20. The ground-bascd positioning
system 75 may communicate with central control station 30. For example, at
least one of station 80, devices 90, and receiving device 95 may send the
measured movement parameter to central control station 30. Central control
station 30 may also send command signals to at least one of station 80, devices
90, and receiving device 95. It is contemplated that ground-based positioning
system 75 may be any suitable ground-based systems, such as, for example, a
laser ground-based positioning system, and may include a greater or lesser

number of components.
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Position monitoring system 50 may include a controller 65.
Controller 65 may be located on-board mobile machine 20, or may be located at
other suitable locations, for example, at central control station 30. Mobile
machine 20 may include a communication device 70 configured to communicate
with ccntral control station 30. Controller 65 may be an cxisting machine
controller or a stand-alone controller on-board mobile machine 20. Controller 65
may be in communication with various systems and devices, for example, at least
one of receiver 55, communication device 70, and inertial navigation unit 60.
Controller 65 may also communicate with at least one of station 80, devices 90,
and receiving device 95. Communication between controller 65 and other
systems or devices may be in wired or wireless means known in the art. As
shown in Fig. 1, controller 65 may be in communication with the sensors
provided within inertial navigation unit 60, such as speed sensor 61, acceleration
sensor 62, and/or steering direction sensor 63. Controller 65 may be configured
to receive the position signals generated by receiver 55 when GPS signals are
available. When GPS signals become unavailable to receiver 55, controller 65
may also receive a signal generated by receiver 55 that indicates the
unavailability of the GPS signals. Thus, controller 65 may be configured to
detect the availability and/or unavailability of the GPS signals.

Controller 65 may also be configured to reccive movement signals
generated by inertial navigation unit 60, such as signals indicative of the speed,
acceleration, and/or traveling direction of mobile machine 20, which may be
generated by speed sensor 61, acceleration sensor 62, and/or steering direction
sensor 63, respectively, based on sensed movement parameters. Controller 65
may process the received movement signals and calculate parameters related to
the position of mobile machine 20. Controller 65 may also receive command
signals from central control station 30 through communication device 70.

Conversely, controller 65 may send signals, such as position signals indicative of
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the position of mobile machine 20, warning signals, etc., to central control station
30 through communication device 70.

In one embodiment, controller 65 may also be configured to
receive positioning signals generated by ground-based positioning system 75. In
onc cmbodiment, positioning signals gencrated by ground-based positioning
system 75 may be sent to central control station 30, which may then send the
positioning signals to controller 65 through communication device 70. In one
embodiment, controller 65 may be located within central control station 30, and
may receive positioning signals sent from ground-based positioning system 75 at

central control station 30.

Industrial Applicability

An exemplary operation process of the disclosed position
monitoring system 50 is diagrammatically illustrated in a flowchart shown in Fig.
2. At Step 110, position monitoring system 50 may determine whether GPS
signals are available. The determination of whether GPS signals are available
may be performed by controller 65. Under normal operating conditions, i.e.,
when the GPS signals are available, recciver 55 may receive position data from
GPS satellite 40, and may generate position signals based on the received
position data. Receiver 55 may send the position signals to controller 65. When
the GPS signals become unavailable to receiver 55, for example, when mobile
machine 20 is traveling within a tunnel, receiver 55 may generate a signal
indicative of the unavailability of the GPS signals, and may send the signal
indicative of the unavailability to controller 65. Controller 65 may thus detect or
determine the unavailability of the GPS signals based on the signal generated by
receiver 55.

If GPS signals are available (Yes, Step 110), position monitoring
system 50 may execute a GPS navigation mode (Step 130), for example, to
provide position data for the movement of mobile machine 20. If GPS signals are

not available (No, Step 110), position monitoring system 50 may execute an



WO 2010/129111 PCT/US2010/029009

10

15

20

25

inertial navigation mode (Step 120), for example, to provide position data for the
movement of mobile machine 20. Controller 65 may be configured to select the
inertial navigation mode (a first navigation mode) or the GPS navigation mode (a
second navigation mode) based on the determination of the availability of the
GPS signals. The dctails of the GPS navigation modc and the inertial navigation
mode will be discussed below. After completing one of the GPS navigation
mode (Step 130) and the inertial navigation mode (Step 120), position monitoring
system 50 may determine, for example, by controller 65, whether or not to
continue guiding or monitoring the movement of mobile machine 20 (Step 140).
If controller 65 determines to continue guiding or monitoring the movement of
mobile machine 20 (Yes, Step 140), position monitoring system 50 may continue
the process with Steps 110-140. If controller 65 determines not to continue
guiding or monitoring the movement of mobile machine 20 (No, Step 140),
position monitoring system 50 may terminate the process shown in Fig. 2.

Fig. 3 diagrammatically illustrates an exemplary operation process
of the inertial navigation mode in Step 120 shown in Fig. 2. The exemplary
inertial navigation mode may be executed when GPS signals are not available.
Controller 65 may retrieve a previously saved GPS position signal, for example,
from a data storage device, such as a memory (Step 210). In one embodiment,
the saved GPS position signal may includc a last saved GPS position signal
before the detection of the unavailability of the GPS signals. Alternatively, in
some embodiments, the saved GPS position signal may include a plurality of
saved GPS position signals before the detection of the unavailability of the GPS
signals. In Step 220, parameters associated with the movement of mobile
machine 20 may be measured by the inertial sensors of inertial navigation unit
60. Movement signals may be generated by the inertial sensors based on the
measured movement parameters (Step 230). For example, speed sensor 61 may
measure the speed of mobile machine 20 and generate a signal indicative of the

measured speed. Acceleration sensor 62 may measure the acceleration of mobile
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machine 20 and generate a signal indicative of the measured acceleration.
Steering direction sensor 63 may measure the moving direction of mobile
machine 20 and generate a signal indicative of the measured moving direction.
These signals may be sent from inertial navigation unit 60 to controller 65 for
processing (Step 240). It is contcmplatcd that the incrtial scnsors may
continuously measure movement parameters and generate signals indicative of
the measured parameters, or may measure movement parameters and generate
signals according to a predetermined time interval.

Still referring to Fig. 3, in Step 250, controller 65 may calculate
position data based on the movement signals generated by the inertial sensors of
inertial navigation unit 60 and the retrieved saved GPS position signal, such as
the last saved GPS position signal received by receiver 55 before the detection of
the unavailability of GPS signals. The calculated position data may include the
current location of mobile machine 20, and/or any suitable parameter associated
with the movement of mobile machine 20, such as estimated moving direction,
speed, acceleration, etc. The calculated position data may be provided for
guiding the movement of mobile machine 20 (Step 260). For example, controller
65 may provide the calculated position data to an operator of mobile machine 20
through a wired or wireless communication means, or to a remote operator
located in central control station 30 via communication device 70.

Position monitoring systcm 50 may monitor whether GPS signals
are available after completing Step 260, or alternatively, at any suitable time
before completing Step 260. Position monitoring system 50 may determine
whether GPS signals are available (Step 270). If GPS signals are still unavailable
(No, Step 270), position monitoring system 50 may continue to execute Steps
220-270 to utilize inertial navigation unit 60 to provide position data for mobile
machine 20. It is contemplated that when Steps 220-270 are repeated in
situations where GPS signals are unavailable, the calculation of the position data

may be based on at least one of the previously calculated position data, the
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retrieved GPS signal saved before the detection of unavailability of GPS signals,
and the movement parameters currently measured by the inertial sensors. If GPS
signals become available (Yes, Step 270), position monitoring system 50 may go
to the GPS navigation mode shown in Step 130 of Fig. 2 (Step 280), and may
terminatc the incrtial navigation modc shown in Fig. 3.

Fig. 4 diagrammatically illustrates an exemplary GPS navigation
mode shown in Step 130 of Fig. 2. In this exemplary GPS navigation mode,
receiver 55 may receive GPS position data from GPS satellite 40 (Step 300).
Receiver 55 may generate a GPS position signal based on the received GPS
position data (Step 310). The GPS position signal may be sent from receiver 55
to controller 65. Controller 65 may receive the GPS position signal sent from
receiver 55, and determine whether a self-diagnosis is to be performed (Step
315). If controller 65 determines that a self-diagnosis is not to be performed (No,
Step 315), controller 65 may process the received GPS position signal and save
the received GPS position signal. In one embodiment, controller 65 may save the
received GPS position signal as the last received GPS signal (Step 320). Itis
contemplated that in order to determine whether to perform a self-diagnosis,
controller 65 may receive input from the operator of mobile machine 20, or from
the operator of central control station 30. If no self-diagnosis is to be performed
(No, Step 315), the GPS position signal may be further provided, for examplc, to
central control station 30, or being processed by controller 65 for guiding the
movement of mobile machine 20 (Step 325). It is contemplated that Step 325
may be executed prior to Step 320. In the embodiment shown in Fig. 4, after
Step 325 is completed, the GPS navigation mode may be terminated. After the
GPS navigation mode is terminated, position monitoring system 50 may execute
Step 140 shown in Fig. 1.

Still referring to Fig. 4, if controller 65 determines that a self-
diagnosis is to be performed (Yes, Step 315), controller 65 may calculate a first

value of a parameter C based on the received GPS position signal (Step 330).
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The parameter C may be any suitable parameter that may be calculated based on
the received GPS position signal and the movement signals generated by the
inertial sensors. For example, the parameter C may be the present location of
mobile machine 20, or the speed, acceleration, and/or steering direction of the

5 movemcnt of mobilc machine 20.

Inertial navigation unit 60 may measure parameters associated
with the movement of mobile machine 20 by one or more inertial sensors (Step
335). For example, speed sensor 61 may measure the speed of mobile machine
20, acceleration sensor 62 may measure the acceleration of mobile machine 20,

10 and steering direction sensor 63 may measure the steering or traveling direction
of mobile machine 20. Inertial navigation unit 60 may generate movement
signals indicative of the measured movement parameters and may send the
movement signals to controller 65 (Step 340). Controller 65 may receive and
process the movement signals generated by inertial navigation unit 60.

15 Controller 65 may calculate a second value of the same parameter C based on the
received movement signals (Step 345). Alternatively, in some embodiments,
inertial navigation unit 60 may include a processor configured to process the
movement signals generated by the inertial sensors, and to calculate the second
value of the same parameter C. The second value of the same parameter C

20  calculated by the processor may then be sent to controller 65 for comparison with
the first valuc of thc samc paramcter C calculated basced on the GPS signal in
Step 330.

After having calculated the first value of the same parameter C
based on the GPS position signal (Step 330) and the second value based on the

25  movement signals (Step 345), controller 65 may calculate a difference between
the first and second values of the same parameter C (Step 350). Controller 65
may determine whether the difference exceeds a predetermined threshold (Step
355). For example, controller 65 may determine whether a difference in the

position of mobile machine 20 calculated based on the GPS position signal and
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based on the movement signals respectively exceeds a predetermined threshold.
If the difference is greater than the predetermined threshold (Yes, Step 355),
which may indicate malfunctioning of, for example, one of the GPS receiver 55
and the inertial navigation unit 60, controller 65 may determine whether the self-
diagnosis shall be continued and repeated. If controller 65, the opcrator of
mobile machine 20, or the operator at central control station 30 determines to
continue the self-diagnosis, the Steps 330-355 may be repeated. Ifitis
determined that no self-diagnosis is to be continued (No, Step 365), controller 65
may generate a warning signal (Step 370), and may send the warning signal to
central control station 30 through communication device 70 (Step 375). After the
warning signal is sent to central control station 30, the GPS navigation mode may
be terminated. The warning signal may indicate that at least one of the GPS
receiver 55 or inertial navigation unit 60 may not be functioning normally and
may require further diagnosis, repair, or replacement.

Referring back to Step 355, if the difference between the first and
second values of the same parameter C does not exceed the predetermined
threshold (No, Step 355), controller 65 may save the received GPS position
signal, for example, in a storage device, such as a memory (Step 360). In one
embodiment, controller 65 may save the received GPS position signal as the last
rcceived GPS signal. The received GPS position signal may be provided for
guiding thc movement of mobile machine 20 (Step 325). For cxamplc, the
received GPS position signal may be sent to central control station 30 via
communication device 70, or may be displayed on a display located on-board
mobile machine 20. After Step 325 is completed, the GPS navigation mode may
be terminated.

In some embodiments, all of the GPS 45, inertial navigation unit
60, and ground-based positioning system 75 may be employed together to
monitor the position of mobile machine 20. For example, central control station

30 or controller 65 may receive position data generated by each one of GPS 45,
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inertial navigation unit 60, and ground-based positioning system 75, and may
diagnose whether one or more systems are not operating normally based on the
received position data. Controller 65 may calculate a third value of the same
parameter C based on position data generated by ground-based positioning
system 75. Controller 65 may determinc whether a sclf-diagnosis is to be
conducted using position data provided by all of GPS 45, inertial navigation unit
60, and ground-based positioning system 75. The self-diagnosis may be
conducted based on the first, second, and third values. Controller 65 may
compare the first, second, and third values of the same parameter C, and
determine whether a difference between any one of the first, second, and third
values and the remaining two of the first, second, and third values exceeds a
predetermined threshold. For example, if the second and the third values are
close to one another, and if the difference between the first value and the second
and third values exceeds a predetermined threshold, controller 65 may determine
that the first value may be incorrect or invalid. This may indicate that GPS 45
may not be operating normally, and the position data provided by receiver 55
may not be reliable for monitoring and guiding the movement of mobile machine
20. In such a situation, when GPS signals are invalid, e.g., due to unavailability
of the GPS signals, at least one of inertial navigation unit 60 and ground-based
positioning system 75 may providc position data for monitoring and guiding thc
movcment of mobile machine 20. On the other hand, if the diffcrence among the
first, second, and third values of the same parameter C is within a predetermined
threshold, it may indicate that all of GPS 45, inertial navigation unit 60, and
ground-based positioning system 75 are operating normally, and the position data
provided by each one of the GPS system 45, inertial navigation unit 60, and
ground-based positioning system 75 may be used for guiding the movement of
mobile machine 20. Controller 65 may save the received GPS position signal as
a last GPS position signal after the self-diagnosis is conducted and after

determining that the difference between any one of the first, second, and third



WO 2010/129111 PCT/US2010/029009

10

15

20

-15-

values and the remaining two of the first, second, and third values does not
exceed the predetermined threshold. This may ensure the correctness of position
data provided to guide mobile machine 20.

The disclosed position monitoring system may be employed in any
mobilc machincs for monitoring the position and/or guiding the movement of the
mobile machines. At least one of the inertial navigation unit and ground-based
positioning system may provide position data for guiding the movement of a
mobile machine when GPS position signals are unavailable. When the GPS
position signals are available, at least one of the inertial navigation unit and
ground-based positioning system may be used to verify whether the GPS signals
are valid. Automatic self-diagnosis may be regularly performed to ensure the
validity of the GPS signals and/or other positioning signals provided by at least
one of the inertial navigation unit and ground-based positioning system. On the
other hand, self-diagnosis may also indicate whether any positioning system is
not functioning properly. The disclosed position monitoring system may enhance
the reliability and quality of position monitoring of mobile machine 20.

It will be apparent to those skilled in the art that various
modifications and variations can be made in the disclosed position monitoring
system. Other embodiments will be apparent to those skilled in the art from
consideration of the specification and practice of the disclosed cmbodiments
herein. It is intended that the specification and examples be considered as
exemplary only, with a true scope of the disclosure being indicated by the

following claims.
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Claims

1. A system, comprising:
a mobile machine including a communication device, and a position monitoring system
associated with the mobile machine, the position monitoring system including:
a receiver configured to receive position data from a positioning satellite and to generate
a position signal based on the received position data, the receiver being located on-board the
mobile machine;
an inertial navigation unit including a sensor configured to measure a parameter
associated with movement of the mobile machine, and to generate a movement signal based on
the measured parameter, the inertial navigation unit being located on-board the mobile machine;
and
a controller associated with the receiver and the inertial navigation unit, and being
configured to:
receive the position signal when the position signal is available;
receive the movement signal;
detect an unavailability of the position signal;
calculate a position parameter for the mobile machine based on the received
movement signal and the position signal received before detection of the unavailability of the
position signal;
determine whether a difference between a first value of a parameter determined
from the position signal and a second value of the same parameter determined from the
movement signal exceeds a predetermined threshold, wherein the controller is configured to save
the position signal after determining that the difference between the parameter determined from
the position signal and the same parameter determined from the movement signal does not
exceed the predetermined threshold; and
generate a warning signal after determining that the difference exceeds the
predetermined threshold; and
a central control station configured to:
communicate with the controller through the communication device;
receive the position signal and/or the movement signal through the
communication device; and

monitor the position of the mobile machine.
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2. The system of claim 1, wherein the sensor includes a speed sensor configured to measure
a speed of the mobile machine.
3. The system of claim 1, wherein the sensor includes an acceleration sensor configured to

measure an acceleration of the mobile machine.

4. The system of claim 1, wherein the sensor includes a direction sensor configured to

measure a movement direction of the mobile machine.

5. The system of claim 1, wherein the controller is further configured to determine whether

a self-diagnosis is to be conducted.

6. The system of claim 1, wherein the controller is further configured to select a first
navigation mode or a second navigation mode based on an availability of the position signal

generated based on position data received from the positioning satellite.

7. The system of claim 1, wherein the controller is further configured to determine whether
a self-diagnosis is to be conducted, and to save the received position signal as a last position
signal after the self-diagnosis is conducted and after determining that the difference does not

exceed the predetermined threshold.

8. The system of claim 1, wherein the controller is further configured to save the position
signal received from the positioning satellite as a last position signal received from the
positioning satellite, and to calculate the position parameter based on the received movement
signal and the last position signal received before detection of the unavailability of the position

signal.

9. The system of claim 1, wherein the position monitoring system further includes a ground-
based positioning system configured to provide position data associated with the movement of
the mobile machine, and wherein the controller is further configured to:

calculate a third value of the same parameter;

compare the first, second, and third values of the same parameter; and

determine whether a difference between any one of the first, second, and third values and

the remaining two of the first, second, and third values exceeds a predetermined threshold.

10. A system, comprising:

a mobile machine including a communication device, and a position monitoring system
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associated with the mobile machine, the position monitoring system including:

a receiver configured to receive position data from a positioning satellite and to
generate a position signal based on the received position data, the receiver being located on-
board the mobile machine;

an inertial navigation unit including a sensor configured to measure a parameter
associated with movement of the mobile machine, and to generate a movement signal based on
the measured parameter, the inertial navigation unit being located on-board the mobile machine;
and

a controller associated with the receiver and the inertial navigation unit, and being
configured to:

receive the position signal when the position signal is available;

receive the movement signal,

detect an unavailability of the position signal;

calculate a position parameter for the mobile machine based on the
received movement signal and the position signal received before detection of the unavailability
of the position signal,

determine whether a difference between a first value of a parameter
determined from the position signal and a second value of the same parameter determined from
the movement signal exceeds a predetermined threshold; and

generate a warning signal after determining that the difference exceeds the
predetermined threshold; and

a central control station configured to:

communicate with the controller through the communication device;

receive the position signal and/or the movement signal through the
communication device; and

monitor the position of the mobile machine;

and wherein the position monitoring system further includes a ground-based positioning
system configured to provide position data associated with the movement of the mobile machine,
and wherein the controller is further configured to:

calculate a third value of the same parameter;

compare the first, second, and third values of the same parameter; and

determine whether a difference between any one of the first, second, and third
values and the remaining two of the first, second, and third values exceeds a predetermined
threshold,
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and wherein the controller is further configured to determine whether a self-diagnosis is
to be conducted, and save the received position signal as a last position signal after the self-
diagnosis is conducted and after determining that the difference between any one of the first,
second, and third values and the remaining two of the first, second, and third values does not

exceed the predetermined threshold.

11.  The system of claim 10, wherein the sensor includes a speed sensor configured to

measure a speed of the mobile machine.

12.  The system of claim 10, wherein the sensor includes an acceleration sensor configured to

measure an acceleration of the mobile machine.

13.  The system of claim 10, wherein the sensor includes a direction sensor configured to

measure a movement direction of the mobile machine.

14.  The system of claim 10, wherein the controller is further configured to select a first
navigation mode or a second navigation mode based on an availability of the position signal

generated based on position data received from the positioning satellite.

15.  The system of claim 10, wherein the controller is further configured to calculate the
position parameter based on the received movement signal and the saved last position signal

received before detection of the unavailability of the position signal.

16. A system, comprising:
a mobile machine including a communication device, and a position monitoring system
associated with the mobile machine, the position monitoring system including:

a receiver configured to receive position data from a positioning satellite and to
generate a position signal based on the received position data, the receiver being located on-
board the mobile machine;

an inertial navigation unit including a sensor configured to measure a parameter
associated with movement of the mobile machine, and to generate a movement signal based on
the measured parameter, the inertial navigation unit being located on-board the mobile machine;
and

a controller associated with the receiver and the inertial navigation unit, and being
configured to:

receive the position signal when the position signal is available;
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receive the movement signal,
detect an unavailability of the position signal;
calculate a position parameter for the mobile machine based on the
received movement signal and the position signal received before detection of the unavailability
of the position signal,
determine whether a difference between a first value of a parameter
determined from the position signal and a second value of the same parameter determined from
the movement signal exceeds a predetermined threshold; and
generate a warning signal after determining that the difference exceeds the
predetermined threshold; and
a central control station configured to:
communicate with the controller through the communication device;
receive the position signal and/or the movement signal through the
communication device; and
monitor the position of the mobile machine;
and wherein the controller is further configured to:
select a first navigation mode or a second navigation mode based on an
availability of the position signal generated based on position data received from the positioning
satellite; and
determine whether a self-diagnosis is to be conducted, and save the received
position signal as a last position signal after the self-diagnosis is conducted and after determining

that the difference does not exceed the predetermined threshold.

17.  The system of claim 16, wherein the sensor includes a speed sensor configured to

measure a speed of the mobile machine.

18.  The system of claim 16, wherein the sensor includes an acceleration sensor configured to

measure an acceleration of the mobile machine.

19.  The system of claim 16, wherein the sensor includes a direction sensor configured to

measure a movement direction of the mobile machine.

20. A system, comprising:
a mobile machine including a communication device, and a position monitoring system

associated with the mobile machine, the position monitoring system including:
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a receiver configured to receive position data from a positioning satellite and to
generate a position signal based on the received position data, the receiver being located on-
board the mobile machine;

an inertial navigation unit including a sensor configured to measure a parameter
associated with movement of the mobile machine, and to generate a movement signal based on
the measured parameter, the inertial navigation unit being located on-board the mobile machine;
and

a controller associated with the receiver and the inertial navigation unit, and being
configured to:

receive the position signal when the position signal is available;

receive the movement signal,

detect an unavailability of the position signal;

calculate a position parameter for the mobile machine based on the
received movement signal and the position signal received before detection of the unavailability
of the position signal,

determine whether a difference between a first value of a parameter
determined from the position signal and a second value of the same parameter determined from
the movement signal exceeds a predetermined threshold,

generate a warning signal after determining that the difference exceeds the
predetermined threshold;

determine whether a self-diagnosis is to be conducted; and

save the received position signal as a last position signal after the self-
diagnosis is conducted and after determining that the difference does not exceed the
predetermined threshold; and

a central control station configured to:

communicate with the controller through the communication device;

receive the position signal and/or the movement signal through the
communication device; and

monitor the position of the mobile machine.

21.  The system of claim 20, wherein the sensor includes a speed sensor configured to

measure a speed of the mobile machine.
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22.  The system of claim 20, wherein the sensor includes an acceleration sensor configured to

measure an acceleration of the mobile machine.

23.  The system of claim 20, wherein the sensor includes a direction sensor configured to

measure a movement direction of the mobile machine.

24.  The system of claim 20, wherein the controller is configured to save the position signal
after determining that the difference between the parameter determined from the position signal
and the same parameter determined from the movement signal does not exceed the

predetermined threshold.

25.  The system of claim 20, wherein the controller is further configured to select a first
navigation mode or a second navigation mode based on an availability of the position signal

generated based on position data received from the positioning satellite.

26.  The system of claim 20, wherein the controller is further configured to save the position
signal received from the positioning satellite as a last position signal received from the
positioning satellite, and to calculate the position parameter based on the received movement
signal and the last position signal received before detection of the unavailability of the position

signal.

27.  The system of claim 20, wherein the position monitoring system further includes a
ground-based positioning system configured to provide position data associated with the
movement of the mobile machine, and wherein the controller is further configured to:

calculate a third value of the same parameter;

compare the first, second, and third values of the same parameter; and

determine whether a difference between any one of the first, second, and third values and

the remaining two of the first, second, and third values exceeds a predetermined threshold.
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