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closed for detecting operator fatigue in a machine (100) having a cab (110),
a seat (200), and a joystick (304). The fatigue detection and operator alert
system (300) comprises an optic sensor (208) positioned non-obstructively

facing an operator and configured to output a first signal consisting of im-
ages captured of an operator; a pressure sensor (210) configured to provide
a second signal indicative of a pressure of an operator hand on the joystick
(204); a thermal sensor (212) configured to provide a third signal indicative
of a temperature of the operator; a load sensor (214) configured to provide
a fourth signal indicative of a load of an operator foot; and a controller
(302) configured to: receive the sensor signals; detect instances of operator
fatigue based on the received sensor signals during non-hauling operation;
and actuate an alert device (304) to alert the operator when instances of
operator fatigue are detected.
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Description

FATIGUE DETECTION AND OPERATOR ALERT SYSTEM

Technical Field

The present disclosure generally relates to fatigue detection
systems, and more particularly relates to a fatigue detection system for a non-

hauling machive.

Background

Operations such as excavating and mining are carried out for
extended periods of time in harsh environmental conditions. Further, these
operations are conducted using machines such as excavators and draglines operated
by human operators. The operators must be alert during operation of the machines.
In rany cases, owing to long and rigorous working hours, it has been observed
that the operators experience fatigue. For purposes of this disclosure, “fatigue”
may be regarded as being inclusive of at least one or more of drowsiness, tiredness,
sleepiness, weariness, exhaustion, weakness, iethargic, or a general decrease in
awareness or alertness. Operator fatigue may cause reduced agility in operating
the machine, which in turn may fead to reduced machine productivity, increased
costs, and potential risk to the operator’s safety besides machine safety.

More specifically, fatigue may delay the response time of the
operators to dynamically changing external conditions at a work site. If fatigue
causes an operator to doze off while operating the wachine, the operator may
subsequently lack any awareness as to whether they have fallen asleep, even if the
sleep persisted for short or intermittent periods of time wiule operating the
machine. Detection of operator fatigue when the operator operates the machine
may be beneficial to promoting operational efficiency, machine productivity, and
safety.

A variety of systems are well known in the art for detecting operator
fatigue. However, these systems are well suited to machines such as haulers e.g.,

trucks, passenger vehicles, and other types of mobile machines but not machines
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(tor sake of clarity, hereinafter referred to “non-hauling machines”) that spend a
large portion of their time at a fixed location yet are operational such as loaders
e.g., excavators, draglines, and other types of non-hauling machines. In operating
these types of machines, /.., the non-hauling machines, the operator may veed to
swing, or swivel, his/her head, and/or torso, in side-to-side motions e.g., left-to-
right or vice versa, to monitor various conditions, for example, movemenis
associated with a bucket of an excavator during a load-swing-dump (LSD) cycle,
or in coordinating the relative positionings of the bucket vis-a-vis a dump body of
a haul truck as the bucket transitions through a sequence of motions in the LSD
cycle.

Conventionally known systems typically provide camera-based
monitors that are adapted for monitoring the automobtle operator’s face and eyes,
detecting fatigue or distraction only while driving a vehicle. For example,
European Patent 3,683,623 discloses a driver monitoring system that receives
monttoring information from one or more monitoring systems to determine states
of driver fatigue based on the monitoring information received. Not only is this
not a non-hauling machine, but it the astomobile driver monitoring system detects
a fatigued driver while driving the vehicle, it may control one or more vehicle
systerns based on the driver state,

Hence, there exists a need for a fatigue detection and operator alert
system that detects operator fatigue during non-hauling machine operations at a
work site {0 increase operator awareness to maintain and obtain desired machine
productivity, as well as reducing fatigue related hazardous behavior for g safer

operating environment while increasing productivity.

Summary

In accordance with one aspect of the disclosure, a fatigue detection
and operator alert system for a machine having a cab, a seat, and a joystick i3
disclosed. The fatigue detection and operator alert system comprises: an optic
sensor positioned non-obstructively facing an operator and configured to output a

first signal consisting of images captured of the operator; a joystick sensor
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assembly operatively associated with the joystick and including at least one of a
pressure sensor configured to provide a second signal indicative of a pressure of
an operator hand on the joystick, and a thermal sensor contigured to provide a
third signal indicative of a temperature of the operator; and a controller in
communication with the optic sensor, and the joystick sensor assembly, the
controller configured to: receive the first signal, the second signal, and the third
signal; detect instances of operator fatigue in real time based on the first signal,
the second signal, and the third signal during non-hauling operation of the
machine; and actuate an alert device communicably coupled to the controller, the
alert device configured to receive an actuation signal and issue an operator alert
when instances of operator fatigue are detected.

In accordance with another aspect of the disclosure, a machine is
disclosed comprising: a frame, a prime mover mounted on the frame, a ground
engaging element supporting the frame, a working device extending from the
frame, a cab, a seat mounted on a floorboard of the cab, a joystick for actuating
the working device, and a fatigue detection and operator alert system. The
fatigue detection and operator alert system includes: an optic sensor positioned
non-chstructively facing an operator and configured to cutput a first signal
consisting of images captured of an operator; a joystick sensor assembly
operatively associated with the joystick and including at least one of: a pressure
sensor configured to provide a second signal indicative of a pressure of an
operator hand on the joystick, and a thermal sensor configured to provide a third
signal indicative of a temperature of the operator; a load sensor configured to
provide a tourth sigual tndicative of a load of an operator, a controller in
communication with the optic sensor, and the joystick sensor assembly, the
controiler configured to: receive the first signal, the second signal, third signal,
and the fourth signal; detect instances of operator fatigue in real time based on
the first signal, the second signal, the thurd signal, and the fourth signal during
non-hauling operation of the machine; and actuate an alert device communicably
coupled to the controiler, the alert device configured to receive an actuation

signal and issue an operator alert when instances of operator fatigue are detected.
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In accordance with another aspect of the disclosure, a method for
detecting fatigue and alerting an operator in a3 cab of a machine during non-
hauling operation, the method comprising: capturing images of the operator, via
an optic sensor, and sending a first signal of the tmages to a controller in
communication with the optic sensor; receiving pressure inputs from the operator,
via a pressure sensor on a joystick in the cab, and sending a second signal of
pressure inputs to the controller in communication with the pressure sensor;
receiving thermal inputs from the operator, via a thermal sensor on the joystick,
and sending a third signal of the thermal inputs to the controller 1o
communication with the thermal sensor; receiving weight inputs from the
operator, via a load sensor, and sending a fourth signal of the weight inputs to the
controller in communication with the load sensor; detecting instances of operator
fatigue in real time by processing, via the controller, the first, second, third, and
tourth signal received by the controller; and activating an alert device
communicably coupled to the controlier, the alert device configured to recetve an
actuation signal and issue an operator alert, via the controller, to alert the operator
when instances of operator fatigue are detected.

These and other aspects and features of the present disclosure will
be better understood upon reading the following detailed description when read in

comjunction with the accompanying drawings.

Brief Descrintion of the Drawings

FIG. 11s a perspective view of a machine, according to an
embodiment of the present disclosure.

FEG. 2 1s a perspective view of the fatigue detection and operator
alert system n 4 cab of the machine of FIG. 1, according to an embodiment of the
present disclosure.

FIG. 3 15 a block diagram of the fatigue detection and operator

alert system of FIG. 2, according to an embodiment of the present disclosure.
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FIG. 4 15 a flow-chart of an operation of the fatigue detection and
operator alert system of FIG. 3, according to an embodiment of the present
disclosure.

FIG. S is a flow-chart of a method of detecting operator fatigue
and alerting an operator in the machine of FIG. 1 and alerting the operator,
according to an embodiment of the present disclosure.

The figures depict one embodiment of the presented disclosure for
purposes of iHustration only. One skilled in the art will readily recognize from
the following discussion that alternative embodiments of the structures and
methods iHustrated herein may be employed without departing from the

principles described herein.

Detailed Description

Referring now to the drawings, and with specific reference to the
depicted example, a machine 100 is shown, illustrated as an exemplary excavator.
Excavators are heavy equipment designed to move earth material from the ground
or landscape at a dig stte in the construction and agricultural industries. While the
tollowing detatled description describes an exemplary aspect in connection with
the excavator, it should be appreciated that the description applies equally to the
use of the present disclosure in other machines, including, but not limuted to,
backhoes, front-end loaders, shovels, draglines, skid steers, wheel loaders, and
tractors, as well,

Referring now to Fig. 1, the machine 100 comprises a frame 102
The frame 102 is supported on ground engaging clements 104, illustrated as
continuous tracks. It should be contemplated that the ground engaging elements
104 roay be any other type of ground engaging elements 104 such as, for example,
wheels, etc. The machine 100 further includes a prime mover 106 in the frame
102, a work moplement 108 extending from the frame 102 for conducting work,
such as, for example, excavating landscapes or otherwise moving earth, soif, or
other material at a dig site, and a cab 110 for operator personnel to operate the

machine 100, The frame 102 may have an upper swiveling body common with
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excavators and machines in the agricultural and construction tndustries. The cab
110 may be rotatable on the frame 102 or rotatable via the upper swiveling body
common with excavators and other machines 1n the agricultural and construction
indusiries. The prime mover 106 roay be an engine or electric motor, as generally
known in the arts.

MNow referring to Fig 2, a perspective view of the cab 110 of the
machine 100 of FIG 1 is illustrated, according to one embodiment of the
disclosure. The cab 110 of the machine 100 further includes a seat 200 mounted
on a floorboard 202, an at least one joystick 204, and an at feast one foot pedal 206.
The machine 100 and cab 110 may have various configurations such as an upper
swiveling body on the trame 102 allowing the cab 110 to be rotatable on the frame
102, the seat 200 being configured to be rotatable or fixed, and the floorboard 202
of the cab 110 being configured to be rotatable or fixed (collectively, “Machine
Swivel Configurations”), as generally known in the arts. The machine 100, seat
200, cab 110, and/or floorboard 202 may be moving or rotating while the operator
moves his or her head for various Machine Swivel Configurations.

The at least one foot pedal 206 may be replaced with a footrest, as
generally known in the arts. An at least one optic sensor 208 is positioned above
the seat 200 in the cab 110, An at least one thermal sensor 212 and an at least one
pressure sensor 210 may be provided in the at least one joystick 204, An at least
one load sensor 214 may be provided on the floorboard 202 or in the at least one
foot pedal 206. The at least one foot pedal 206 may also be a replaced with a
tootrest, as generally known in the arts.

The at least one optic sensor 208 may generate a first signal
indicative of an operator pose in the cab 110 during non-hauling operation of the
machine 100. In its field of view, the at least one optic sensor 208 may be
configured to capture poses of the operator seated on the seat 200, The at least one
optic sensor 208 may be positioned so that the at least one optic sensor 208 has a
field of view of the operator’s head in a non-obstructive manner of the operator’s
vantage point through the window 112 of the cab 110, The window 112 may

provide a non-obstructive view for the operator to conduct various non-hauling
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operations and the window 112 may have a viewing area ranging from 0 to 360
degrees, as generally known in the arts. The at least one optic sensor 208 is
positioned in a non-ohstructive manner so that it does not interfere with the
operator’s vision through the viewing area of the window 112 during non-hauling
operations. The at least one optic sensor 208 may remain non-cbstructively facing
the operator to capture operator poses, head movements, and/or head swivels to be
processed for a determination of states or instances of operator fatigue during non-
hauling machine operations.

The at least one optic sensor 208 may also be positioned on or
attached to a headrest 216 on the seat 200 behind the operator’s head. The headrest
216 may be adjustable and calibratable for operators of different heights operating
the machine 100, A display panel 218 may be provided in the cab 110 that provides
a user interface (not shown} and may be utilized by the operator to automatically
calibrate the at least one optic sensor 208 to the height of the operator, as generally
known in the arts, prior to or during operation of the machine 100. For example,
the at least one optic sensor 208 may be positioned on an adjustable bracket 220
that adjusts the height of the at least one optic sensor 208 based on au input by the
operator on the display panel 218 that calibrates to the operator’s height upon
activation of the machine 100, The at least one optic sensor 208 may capture
images of head movements from the back of the head that include left, right, up,
and down motions of the head and neck of the operator. The at least one optic
sensor 208 may capture operator poses on the seat 200 in its field of view in real
time including the operator’s head pose, shoulder pose, torso movements, head &
neck movements that iuclude left, right, up, and down motions {(coliectively
“Operator Head Movements™),

The at least one optic sensor 208 may include infrared (IR} sensors,
optical cameras, stereo cameras, smart cameras, monocular cameras, wired
ethernet cameras with high compute PGA, or smart vision systems having a
dedicated processor onboard, including video processing acceleration provided by
Field Programmable Gate Array (FPGA), digital signal processor (3SP), general

purpose graphics processing unit {GP-GPU), or any other suitable microprocessor
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with supporting application software, capable of capturing images or real-time
videos or an operator in the cab 110 during non-hauling operation of the machine
100,

The at least one joystick 204 may include a joystick sensor
assembly 209 including the at least one pressure sensor 210 and the at least one
thermal sensor 212, be provided together or separately in the joystick sensor
assembly 209, in various embodiments of the disclosure. The at least one pressure
sensor 210 may generate a second signal indicative of an operator’s pressure input
on the at least one joystick 204, The at least one pressure sensor 210 may be
configured to determine a pressure input on the at least one joystick 204 from a
hand or finger of an operator gripped arcund the at least one joystick 204, The at
least one pressure sensor 210 may be a strain gauge sensor, a piezoelectric sensor,
a capacifive pressure sensor, a resistive sensor, a strain gauge sensor, and/or a Hall
effect sensor, as generally known in the arts, to detect and measure operator
pressure input on the at least one joystick 204 in generating the second signal.

The at least one thermal sensor 212 may generate a third signal
indicative of an operator’s temperature input on the at least one joystick 204, via
the operator’s hand or at least one finger. The at least one thermal sensor 212 may
be configured to determine or detect a temperature input on the at least ove joystick
204 from a hand of the operator gripped around the at least one joystick 204, The
at least one thermal sensor 212 may be a thermal sensor such as a thermocouple, a
thermistor, a resistance temperature detector, and/or an infrared temperature
sensor, as generally known in the arts, used to detect and measure operator
temperature 1nput on the at least one joystick 204 in geverating the third signal.

The at least one pressure sensor 210 and the at least one thermal
sensor 212 may be provided on the at feast one joystick 204 as a plurality of touch
sensors, as generally known in the arts to receive inputs of pressure or temperature
from a hand or finger of an operator. For example, a touch sensor may be provided
on a button of the at least one joystick 204 for a finger to press, or provided on a
shaft of the at least one joystick 204 for a hand to grip around. The at least one

pressure sensor 210 and the at least one thermal sensor 212 may receive binary or
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variable inputs of pressure and temperature from the hand grip or finger press by
an operator on the at least one joystick 204, The at least one joystick 204 may be
configured to include sensors that further detects hand sweat, the sweat sensor
being included in the joystick seusor assembly 209,

The at least one load sensor 214 may generate a fourth signal
indicative of an operator’s load exerted on the floorboard 202 or the at least one
foot pedal 206. The at least one load sensor 214 may be configured to determine
a toad exerted on the floorboard 202 or on the at least one foot pedal 206 by the
operator or one of operator’s feet. The at least one load sensor 214 may include a
plurality of load cells, as generally known in the arts. A footrest, as generally
known in the arts, may be provided in lieu of the floorboard 202 or the at least one
foot pedal 206 and the at least one load sensor 214 may be provided in the footrest.
The at least one load sensor 214 may be an electro-mechanical sensor, a load cell
sensor, strain gauge load cells, hydraulic load cells, pneumatic load cells,
capacitive load cells, piezoelectric load cells, and/or a magnetic load cells, as
generally known in the arts, generating a fourth signal when an applied load,
weight, or force is measured or detected.

Now referring to Fig. 3, a block diagram of a fatigue detection and
operator alert systero 300 is tllustrated. The fatigue detection and operator alert
system 300 detects experiences of operator fatigue during non-hauling operation
of the machine 100, For purposes of this disclosure, “fatigue” may be regarded as
being inclusive of at least one or more of drowsingss, tiredness, sleepiness,
weariness, exhaustion, weakness, lethargic, or a general decrease in awareness or
alertness of a person or operator. Nou-hauling operations of the machine 100 may
include all non-driving operations that various machines may conduct. For
example, an operator i an excavator may perform a dig operation or an L8D cycle
using an excavator having a cab 110 rotatable on the frame 102, as generally known
in the arts. Non-hauling operations of the machine 100 may be actuated by an
operator utilizing the at least one joystick 204 for actuating the work implement

108 of the machine 100,
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The machine 100 may further comprise a controller 302 in
communication with the fatigue detection and operator alert system 300, The
controller 302 may control the alert devices 304 and operational systems 306
associated with the machine 100, Alert devices may include an audible alarm, a
seat vibration, a visual alarm on the display panel, a lighting sequence alarm, and
a back-office system notification of instances of operator fatigue, as generally
known in the arts using the operational systems 306 of the machine 100.

The operational systems 306 may be one of many operating systems
found within a machine 100 such as an ignition system, a fuel injection system, an
otl transport system, a transmission, a throttle system, a power system, a braking
system, a cooling system, a navigation system, a lighting system, an alarm system,
a communication system, a battery system, and/or an engine or other propulsion
system, as generally known in the arts. These systems may also include one or
more hydraulic, mechanical, electronic, and software-based components in which
the controller 302 may communicate with and control, as generally known in the
arts.

The controller 302 may be conununicably connected to an oft-board
network 308, a remote 310 for controlling the machine 100 remotely, and a back-
office systern 312 The remote 310 may be a computer, laptop, mobile phone,
tablet, or the like, that may access the off-board network 308 through a website,
URL, app, or the like, as generally known in the arts. The remote 310 may be used
1o communicate with the controller 302, via the off-hoard network 308 and/or
back-office systern 312, to control, activate, or deactivate the operational systems
306 within the machine 100, as well as alerting the operator or a back-office team.
The remote 310 may be in communication with the controller 302 from a different
location than the machine 100 through a wired or wireless network connection, as
generally known in the arts. The back-office tearn may utilize the remote 310 to
control one of the operational systems 306 upon detection of operator fatigue
and/or communicate to the operator in the machine 100.

The controller 302 may embody a single microprocessor or multiple

microprocessors that include a means for controlling various operations in the
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machine 100, Numerous commercially available microprocessors can be
configured to perform the functions of controller 302, It should be appreciated that
the controller 302 could readily be embodied 1n a general machine microprocessor
capable of controlling numerous wachine functions. The controiler 302 may
include a memory, a secondary storage device, a processor, and any other
components for running au application as well as storing the collection of data and
signals received from the at least one optic sensor 208, at ieast one pressure sensor
210, at least one thermal sensor 212, and at least one load sensor 214, as well as
the operational systems 300, Various other circuits may be associated with the
controller 302 such as power supply circuitry, signal conditioning circuitry,
solenoid driver circuitry, and other types of circuitry. The controller 302 may be
equipped with artificial intelligence and machine learning capabilities, as generally
known in the arts, that improves the continuous analysis of an operator for operator
tatigue during operation of the machine 100 based on the signals received from the
at least one optic sensor 208, at least one pressure sensor 210, at feast one thermal
sensor 212, and at least one load sensor 214, as well as the operational systems
306, The controller 302 may have Al or machine learning capabilities that can be
utilized for head-pose pattern recognition, joystick pattern recognition,
handling/operator behavior identification, other non-hauling operation pattern
recognitions, guidance support, and for operator-to-operator variability
assessment.

The at least one optic sensor 208 may be configured to capture
images of the operator head against an mmtialized foreground or background that
comes into the field of view of the at least one optic sensor 208, For example, the
foreground imagery through the window 112 may be used for image learning by
the controller 302, The controller 302 may utilize Al models having tmage
learning and parsing processing to recognize and interpret visual patterns and
features captured by the at least one optic sensor 208, The controller 302 may
further utilize machine learning and Af models to recognize and interpret pressure,
thermal, and load woputs received by the at least oune pressure sensor 210, the at

ieast one thermal sensor 212, and the at least one load sensor 214. The controller



WO 2024/258547 PCT/US2024/029636

(V4]

10

15

-12-

302 may utilize machine learning algorithius to learn and recognize patterns of
operator fatigue of the operator through data collection received from the at least
one optic sensor 208, the at least one pressure sensor 210, the at least one thermal
sensor 212, and the at least one load sensor 214, preprocessing, feature exiraction,
training data preparation, model training, model evaluation, pattern recognition,
and feedback & iteration processes to adapt and umprove pattern recoguoition for
accurate detections of instances of operator fatigue based on the captured images.

The controller 302 1n the machine 100 may control the alert devices
304 associated with the machine 100 to alert and/or awalken the operator. The alert
devices 304 in the machine 100 include activating an audible alarm, a visual alarm,
a horn, a light sequence, and/or visualizations on the display panel 218. The alert
devices 304 may also include alerting a back-oftice team by sending an alert signal
to the back-office system 312, The back-office team may subsequently contact the
operator using the remote 310 and/or back-oftice systemn 312,

The controller 302 in the machine 100 may also control the
operational systems 306 associated with the machine 100, The operational systems
306 may be one of many operating systerns found within a machive 100 such as an
ignition system, a fuel injection system, an oil transport system, a fransmission, a
throtile system, a power system, a braking system, a cooling system, a navigation
system, a lighting system, an alarm system, a battery system, and/or an enging of
other propulsion system, as generally known in the arts. These systems may also
include one or more hydraulic, mechanical, electronic, and software-based
components in which the controller 302 may communicate with and control, as
generally known n the arts. The remote 310 may be used to communicate with
the controller 302, via the off-board network 308, to control, activate, or deactivate
the operational systems 300 within the machine 100, as generally known in the
arts.

The controller 302 recetves the first signal from at least one optic
sensor 208 indicative of an operator pose in the cab 110 during non-hauling
operation of the machine 100 The controller 302 may process the captured

operator poses on the seat 200 in its field of view in real time for all Operator Head
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Movements and determine whether a state and instance of operator fatigue is
occurring based on the captured operator poses during non-hauling operation of
the machine 100, For example, the operator’s head tilted forward or to a side, such
as in a case where the operator has fainted, passed out, lost consciousness, fallen
asleep, or is falling asleep, may be captured by the at least one optic sensor 208
and processed by the controller 302 as a determination of operator fatigue.

The at ieast one optic sensor 208 may capture images of head
swivels that include left, night, up, and down movements of the head and neck of
the operator to determineg operator fatigue. The at least one optic sensor 208 may
capture images in real time of Operator Head Movements without obstructing the
operator’s view out the window 112, The at least one optic sensor 208 may capture
images of head swivels that include left, right, up, and down movements of the
head, neck, and torso of the operator. As the head of the operator moves or swivels
left, right, up, and/or down as well as tilting forward, backwards, lett side, or right
side, the at least one optic sensor 208 may detect states and instances of operator
fatigue of various operator poses in the various Machine Swivel Configurations.
The controller 302 can determine operator fatigue from images captured of all the
Operator Head Movements relative to the seat 200 being fixed or rotatable, the
floorboard 202 being fixed or rotatable, the cab 110 being fixed or rotatable on the

frame 102

, and/or the frame 102 having an upper swiveling body for various
machine type configurations. For example, while an operator 1s conducting an
LS cyele on an excavator the at least one optic sensor 208 may detect instances
of operator fatigue during the multirotational movements of the cab 110 rotating
on an upper swiveling body on the frame 102 and/or the seat 200 remaining fixed
or rotatable.

The controller 302 may also receive the second signal from at least
one pressure sensor 210 indicative of an operator’s hand grip or finger sensations
on the at teast one joystick 204 in the cab 110 during non-bauling operation of the
machine 100. The controlier 302 may process the pressure input on the at least one
joystick 204 from a hand or finger of an operator contacting, gripping, or otherwise

actuating the at least one joystick 204,
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The controller 302 receives the third signal from at least one thermal
sensor 212 indicative of an operator’s hand grip or finger sensations on the at feast
one joystick 204 in the cab 110 during non-hauling operation of the machine 100
The controlier 302 may process temperature inputs on the at least one joystick 204
from a hand or finger of the operator contacting, gripping, or otherwise actuating
the at least one joystick 204, The machine 100 1s often operated at work sites where
the temperatures settings within the cab 110 is much lower than normal body
temperature of a human operator. The at least one thermal sensor 212 may easily
detect an increase in temperature applied to the at least one joystick 204 when an
operator touches the at least one joystick 204 with his or her hand or finger. The
controller 302 may collectively receive the second and third signals from the
joystick sensor assembly 209 which may include at least one of the at least one
pressure sensor 210 and the at least one thermal sensor 212, or a combination of
both. In instances where an operator is wearing a glove over his or her hand, the
joystick sensor assembiy 209 may include both the at feast one of the at least one
pressure sensor 210 and the at least one thermal sensor 212,

The controller 302 receives the fourth signal from the at least one
load sensor 214 indicative of a load or weight exerted and/or released on the
floorboard 202 or an at least one foot pedal 206 during non-hauling operation of
the maching 100, The controller 302 may process foad or weight thresholds exerted
on the floorboard 202 or on the at least one foot pedal 206 by the operator or one
of operator’s feet.

The controller 302 may recetve the first signal, second signal, third
signal, and fourth signal in real time from the at least one optic sensor 208, at feast
one pressure sensor 210, at least one thermal sensor 212, and at least one load
sensor 214, respectively. Based on the recetved signals, the controller 302 may
process the signals to determine whether an instance of operator fatigue has
occurred or is occurring. The controller 302 may also predict whether an operator
is prone to experience fatigue by utilizing machine learning features in the
controller 302, as generally konown in the arts.  The machine learning wn the

controller 302 may be continuously applied to specific individual operators for
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improving the predictability of operator fatigue experiences based on the real time
signals recetved from the at least one optic sensor 208, at igast one pressure sensor
210, at least one thermal sensor 212, and at least one load sensor 214,

Now referring to FIG. 4, an operation of the fatigue detection and
operator alert system 300 is iilusirated as a flow chart, according to one
embodiment of the disclosure. To operation 400, the fatigue detection and operator
alert system 300 is activated upon the activation of the machine 100, upon
activation of operating a non-hauling operation of the machine 100, or upon
activation of the work implement 108, The display panel 218 may require an input
trom the operator in which the fatigue detection and operator alert system 300 1s
activated and calibrated to the operator’s height by adjusting the height of the
headrest 216 and/or upload prior operator data stored in memory in the controller
302, (nce activated, in operation 402, the controller 302 collects data from the
signals received from the at least one optic sensor 208, the at least one pressure
sensor 210, at least one thermal sensor 212, and at least one load sensor 214,

In operation 404, the at least one optic sensor 208 communicates to
the controller 302 whether a head pose of the operator’s head hies within a head-
pose range in the field of vison of the at least one optic sensor 208, In operation
406, the at least one load sensor 214 commumcates to the controller 302 an
activated status when a weighted load from the weight of the operator’s foot is
detected on the at least one load sensor 214 on the floorboard 202 or the at least
one foot pedal 206, In operation 408, the joystick sensor assembly 209
commuicates signals from the at least one pressure sensor 210 and/or the at least
one thermal sensor 212 of a joystick grip sigoal.

In an operation 410, if each of the at least one optic sensor 208
indicates the operator’s head is in head-pose range, that the at least one ioad sensor
214 has been activated indicating the weight of the operator, and that the joystick
sensor assembly 209 indicates a joystick grip-signal, then the fatigue detection and
operator alert system 300 may remain in a “healthy” status demonstrating that the
operator does not show an indication of operator fatigue during non-hauling

operation of the machine 100, In operation 410, the controller 302 does not activate
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an alert devices 304 when the fatigue detection and operator alert system 300 15 in
a healthy status.

In an operation 412, if the at least one optic sensor 208 does not
detect a head-pose within the head-pose range, then the at least one optic sensor
208 will continue to capture images of the operator’s head pose. In an operation
414, the at least one optic sensor 208 communicates signals whether the head pose
of the operator 1s within the head pose range. In an operation 4106, the controller
302 processes whether an out-of-range threshold limit has been reached for the
head-pose being out of range and outside the head-pose range of the at least one
optic sensor 208, The at least one optic sensor 208 may be configured to determine
the varying degrees of head tilts in various head poses of the operator in various
body poses to deternine instances of operator fatigue. Head tilis include forward,
backward, or side tilts of the operator’s head. The operator’s head pose may be
considered out-of-range of the head-pose range and may potentiaily trigger one of
the alert devices 304 based on the duration of time that the head pose 1s considered
out-of-range by the at feast one optic sensor 208,

Continuing from operation 406, o an operation 418, if the at least
one load sensor 214 does not detect a load or weight on the floorboard 202 or on
the at least one foot pedal 2006, then the at least one load sensor 214 will continue
to detect for a load or weight from an at least one operator foot 10 be exerted on the
at least one load sensor 214, In an operation 420, the at least one load sensor 214
communicates signals whether a load from the operator has been detected by the
at least one load sensor 214, In an operation 422, the controller 302 processes the
signals from the at least one load sensor 214 that a load threshold limit has been
activated by the load exerted from an operator’s foot on the floorboard 202 or the
at least one foot pedal 206, The at least one load sensor 214 may have a plurality
of load cell sensors that can detect varying thresholds of Toads exerted on a surface
in which the at least one load sensor 214 is incorporated, such as the floorboard
202 or the at least one foot pedal 206,

fo an operation 424, the controller 302 processes the signals from

the at least one load sensor 214 that a load threshold limit has not been activated.
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In an operation 426, the fatigue detection and operator alert system 300 will check
for the remaining signals from the at least one optic sensor 208 and the joystick
sensor assembly 209 In an operation 428, the controller 302 checks, via
processing, if the remaining signals from the at least one optic sensor 208 and the
joystick sensor assembly 209 are also below sensor thresholds such as the head-
pose range, pressure, and temperature thresholds. If the head-pose 15 not within
the head-pose sensor range of the at least one optic sensor 208, the load threshold
of the at least one load sensor 214 has not been activated, and the joystick grip
signal of the joystick sensor assembly 209 s not activated, then the fatigue
detection and operator alert system 300 1s in a healthy status and the operator has
not shown states or instances of operator fatigue at a level necessary to trigger the
alert devices 304 to alert or awaken the operator.

Continuing from operation 408, in an operation 430, if the joystick
sensor assembly 209 does not detect a pressure or temperature sensory from the
hand or finger of the operator on the at least one joystick 204, then the joystick
sensor assembly 209 will continue to detect for an operator’s grip or finger touch
on the at least one joystick 204, In an operation 432, the joystick sensor assembly
209 communicates signals whether a pressure or temperature sensory from the
hand or finger of the operator has been exerted on the at least oune joystick 204, In
an operation 434, the controller 302 processes whether an out-of-range threshold
limit has been reached for the at least one pressure sensor 210 and/or the at least
one thermal sensor 212 of the joystick sensor assembly 209, The jovstick sensor
assembly 209 may be configured to determine varying degrees of pressure and/or
temaperature of the operator’s hand to determine instances of operator fatigue.

The fatigue detection and operator alert system 300 may be
configured to activate one of the alert devices 304 when the controlier 302
determines an unhealthy status of the fatigue detection and operator alert system
300, An unbealth status may be determined by the controller 302 when at least
two sensors indicate signals that two threshold limits have been reached, as
described 1o operations 416, 422, and 434 for the signals received regarding the

head-pose range from the at least one optic sensor 208, the load threshold from the
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at least one load sensor 214, and the joystick grip signal from the joystick sensor
assembly 209, In operation 436, one of the alert devices 304 is activated by the
controller 302 when two sensors reach a threshold limit, as described in operations
416, 422, and 434, When one of the alert devices 304 1s activated in operation 436,
an alert notification is sent to the back-oftice system 312 by the controller 302 to
alert a back-office team, in a step 438, and/or retain data on the specific operator
during non-hauling operation of the machine 100.

The fatigue detection and operator alert system 300 may detect
operator fatigue in each of the Machine Swivel Configurations of the machine 100,
cab 110, seat 200, and floorboard 202, For example, the operator may be
conducting a dig operating in an excavator performing LSD cycles using the work
implement 108 of the excavator. In one example, an LSD cycle may refer to the
operator actuating the work implement 108 using the at {east one joystick 204 to
dig earth at a work site into a bucket, the operator then swings the frame 102 which
is an upper swiveling body away from the dig site using the at least one joystick
204 or the or at least one foot pedal 206, and dumping the earth using the at least
one joystick 204 or at least one toot pedal 206 1u a new location, as generally
known in the arts.

During non~hauling operation, the operator may rotate his or her
head 1o conduct the dig operation, or other operation for various non-hauling
machines. The fatigue detection and operator alert system 300 may distinguish the
operator’s head movements necessary for dig operations and other non-hauling
operations in the machine 100 from head poses that indicate instances of operator
fatigue such as a tforward bead it indicating sleepiness of the operator, and the
like. Furthermore, the fatigue detection and operator alert system 300 may detect
states and instances of operator fatigue when the operator makes various head
movements relative to the rotation of the seat 200, the rotation of the floorboard
202, the rotation of the cab 110, and the rotation of the frame 102 in all Machine
Swivel Configurations. The controller 302 is configured to process the captured
images of Operator Head Movements received from the at least one optic sensor

208 for detecting instances of operator fatigue when the Operator Head Movements
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occur relative to at least one of’ the seat 200 fixed in the cab 110, the cab 110 fixed
on the frame 102 of the machine 100, movements by the seat 200 rotatable in the
cab 110, movements by the floorboard 202 rotatable in the cab 110, movements by
the cab 110 rotatable on the frame 102, and movements by the upper swiveling

body on the machine 100

Industrial Applicability

In operation, the present disclosure may find applicability in many

industries wncluding, but not limited to, the automotive, construction, earth-

>
moving, mining, and agricultural industries. Specifically, the systems, machines,
and methods of the present disclosure may be used for detecting operator fatigue
during non-hauling operation of machines including, but not limited to,
excavators, backhoes, rope shovels, skid steers, wheel loaders, tractors, and
simitar machines with non-hauling operations for various operator movements
relative to movements of machine components. While the foregoing detailed
description 1s made with specific reference to excavators, it is to be understood
that its teachings may also be applied onto the other machines such as draglines,
skid steers, rope shovels, wheel loaders, and the like. The fatigue detection and
operator alert systern 300 may be provided as a retrofit onto these other
applications that require an operator for operation of machine work implements.
Now referring to Fig. 5, a method for detecting operator fatigue
and alerting an operator 500 in the machine 100 of Fig 1 durtng non-hauling
operation is illustrated, according to one embodiment of the disclosure. The
fatigue detection and operator alert systerm 300 begins a non-intrusive monitoring
of the operator for operator fatigue while the operator is present on the sgat 200
during non-hauling operation of the machine 100, The fatigue detection and
operator alert system 300 monitors for instances of operator fatigue by: (1}ina
step 502, capturing images of the operator, via the at least one optic sensor 208 in
communication with the controller 302, and sending a first signal of the images to
the controlier 302; (2) 1n a step 504, recerving pressure inputs from the operator,

via the at least one pressure sensor 210 in communication with the controller 302,
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and sending a second signal of the pressure inputs to the controller 302, 3Yina
step 500, receiving thermal inputs from the operator, via the at least one thermal
sensor 212 in communication with the controlier 302, and sending a third signal
of the thermal toputs to the controller 302; and (4) 1n a step 508, receiving load
inputs from the operator, via the at least one load sensor 214 in communication
with the controller 302, and sending a fourth signal of the load inputs to the
controller 302.

In a step 510, the controller 302 processes the recetved first signal,
the second signal, the third signal, and the fourth signal to detect for operator
fatigue in real ime. Real time includes various scan cycle times that may be
chosen or selected for operation in the fatigue detection and operator alert system
300 and processed by the controller 302 for the duration of the non-hauling
operation by the operator in the cab 110, such as scan cycle times of 2, 5, 10, 20,
and/or 60 seconds.

In a step 512, the controller 302 activates the alert devices 304
when instances of operator fatigue have been detected based on the received first
signal, the second signal, the third signal, and the fourth signal processed by the
controller 302, The alert devices 304 are communicably coupled to the controller
302 and are configured to receive an actuation signal and 1ssue an operator alert,
via the controller, to alert the operator when instances of operator fatigue are
detected during non-hauling machine operation.

The detection of operator fatigue is conducted in a non-intrusive
manner where nothing is attached to the body of the operator. The fatigue
detection and operator alert system 300 may detect fatigue trends that include
improper joystick behavior, underlying disease issues, and alcchol. The fatigue
detection and operator alert system 300 may also detect instances when the
operator 1s alert or awake demonstrating operator non-tatigue events to avoid
false triggers of the alert devices 304 by the controller 302, Non-fatigue eveuts
may include machine actuations by the operator, actuations of the joystick, an
LD cycle, a start/stop operations selection, a display panel interface selection,

and similar actions an operator may make while alert and awake in the cab 110.
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From the foregoing, it can be seen that the techunology disclosed
herein has industrial applicability in a variety of settings such as, but not limited
to agricultural, construction, and rmining industries that utilize machines such as

excavators, backhoes, rope shovels, skid steers, wheel loaders, tractors, and
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simitar machines having work implements for non-haunling operations.
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Claims

I A fatigue detection and operator alert system (300) for a
machine (100) having a cab (110), a seat (200}, and a joystick {204}, comprising:

an optic sensor (208) positioned non-obstructively facing an
operator and configured to output a first signal consisting of images captured of
the operator;

a joystick sensor assembly (209} operatively associated with the
joystick (204) and including at least one of! a pressure sensor (210} configured to
provide a secoud signal indicative of a pressure of an operator hand on the
joystick {204), and a thermal sensor (212) configured to provide a third signal
indicative of a temperature of the operator; and

a controller (302) in communication with the optic sensor (210}
and the joystick sensor assembly (209), the controlier (302) configured to

receive the first signal, the second signal, and the third signal;

detect 1nstances of operator fatigue in real time based on the first
signal, the second signal, and the third signal during non-hauling operation of the
machine (100); and

actuate an alert device communicably coupled to the controller
(302}, the alert device configured to receive an actuation signal and issue an
operator alert when instances of operator fatigue are detected.

2. The fatigue detection and operator alert system (300) of
claim 1, further comprising a load sensor (214) configured to provide a fourth
signal indicative of a weight of an at least one operator foot, the controller (302)

configured to receive the fourth signal.

3. The fatigue detection and operator alert system (300} of
claim 2, wherein:
the first signal recetved by the controlier (302) from the optic

sensor (208) wcludes images captured of operator head movements;
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the second signal received by the controller (302) from the
pressure sensor {210} includes a grip pressure of the operator hand or fingers;

the third signal received by the controller (302) from the thermal
sensor (212} wncludes the terperature associated with a hand or at least one finger
on the hand of the operator; and

the fourth signal received by the controller (302) from the load
sensor (214) includes a measurement of weight of the operator on the load sensor

(214).

4. The fatigue detection and operator alert system (300} of
claim 3, the coniroller {302} is disposed in communication an oft-board network
(308}, a remnote (310), and a back-office system (312), wherein the alert device
{304} includes at least oune of

an audible alarm;

a seat vibration;

a visual alarm on a display panel (218};

a lighting alarm; and

a back-office system (312} notification of instances of operator

fatigue.

5. The fatigue detection and operator alert systerm (300) of
claim 3, wherein:

the optic sensor (208) 15 at least one of an infrared sensor, an
optical camera, a stereo camera, a siart camera, 8 monocular camera, a wired
ethernet cameras with high compute PGA, and a smart vision system;

the pressure sensor (210} 1s at least one of a strain gauge sensor, a
piezoelectric sensor, a capacitive pressure sensor, a resistive sensor, and a Hall
effect sensor;

the thermal sensor {212} is at least one of a thermocouple, a
thermistor, a resistance temperature detector, and an infrared teroperature sensor;

and
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the load sensor {214) 15 at least one of an electro-mechanical
sensor, a foad cell sensor, strain gauge load cells, hydraulic foad cells, pneumatic
load cells, capacitive load cells, piezoelectric load cells, and a magnetic load
cells.

6. The fatigue detection and operator alert system (300) of
claim 5, wherein the controller (302} is configured to process the images captured
of operator head movements received from the optic sensor {208) to detect
instances of operator fatigue when operator head movements oceur relative o at
least one of:

the seat {200} fixed in the cab (110);

the cab {110) fixed on a frame (102} of the machine (100);

movements by a rotatable seat {200) in the cab (110);

movements by a rotatable floorboard (202) in the cab (110);

movements by a rotatable cab (110} on the frame (102) of the
machine {100}; and

movements by an upper swiveling body on the machine (100}

7. The fatigue detection and operator alert system (300) of
claim 6, wherein the controller (302} is configured with a machine learning and
pattern recognition model to detect instances of operator fatigue by interpreting

patterns and features based on the received first, second, third, and fourth signals.

8. The fatigue detection and operator alert system (3003 of
claim 7, wherein the joystick sensor assembly (209) receives touch and grip
inputs from the operator including:

a finger pressure;

a hand grip pressure;

a finger temperature;

a hand temperature,;

a joystick button actuation; and
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a joystick movement,

9. A machine {100) comprising

a frame (102},

one or more prime movers {106} mounted on the frame (102);

a work implement (108) moveably mouunted on the frame (102)
and operatively driven by at least one of the one or more prime movers;

a cab (110);

a seat (200) mounted on a floorboard (202) of the cab (110);

a jovstick (204} for actuating the work implement (108); and

the fatigue detection and operator alert system (300} of claim 8.

10. The machine {100} of claim 9, wherein the optic sensor
208} 1s positioned on one of’ the seat {200}, a headset on the seat (200}, an

adjustable bracket {220} on the headset (216), and a top portion of the seat (200},

It A method (500} for detecting fatigue and alerting an
operator in a cab (110} of a machine (100) during non-hauling operation, the
method comprising:

capturing images of the operator, via an optic sensor (208), and
sending a first signal of the images to a controller (302) in communication with
the optic sensor (209};

recetving pressure inputs from the operator, via a pressure sensor

210} on a joystick (204} 1o the cab (110}, and sending a second signal of
pressure tnputs to the controller (302) in communication with the pressure sensor
(210},

receiving thermal inputs (212} from the operator, via a thermal

sensor (212} on the joystick (204), and sending a third signal of thermal inputs to

the controlier (302} in communication with the thermal sensor (212}
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recetving weight inputs from the operator, via a load sensor {214),
and sending a fourth signal of weight inputs to the controller (302} in
communication with the load sensor (214);

detecting 1nstances of operator fatigue in real time by processiog,
via the controller (302), the first, second, third, and fourth signals received by the
controller (302); and

activating an alert device (304) communicably coupled to the
controiler (302}, the alert device configured to receive an actuation signal and
issue an operator alert, via the controller (302}, to alert the operator when

instances of operator fatigue are detected.

12. The method (500) of claim 11, further comprising:

positioning the optic sensor (208) non-obstructively facing the
operator in the cab {110}, wherein the first signal recetved by the controller (302)
from the optic sensor (208) includes captured images of operator head
movements;

providiog the pressure sensor (210 i the joystick (204), wherein
the second signal received by the controller (302) from the pressure sensor (210}
includes a grip pressure of an operator’s hand or fingers;

providing the thermal sensor {212} in the joystick {204), wherein
the third signal received by the controller (302} from the thermal sensor (212)
includes a hand temperature of the operator’s hand or fingers;

providing the load sensor (214) on a floorboard (202) of the cab
{110}, wherein the fourth signal received by the controller (302) from the load
sensor (214} inchudes a load exerted on the load sensor (214) from the operator;
and

activating, via the controller (302}, the alert device when at least
two of the first, second, third, and tfourth signals communicate a notification {o

the controller (302) of a detected instance of operator fatigue.
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13 The method (500) of claim 12, further comprising
processing the captured images of operator head movements received by the
controller (302} from the optic sensor (208} to detect instances of operator fatigue

when operator head movements occur relative to at least one of
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the seat (200} fixed in the cab {110};

the cab (110} fixed on a frame (102} of the machive (100);
movenents by a rotatable seat (200} in the cab (110},
movenents by a rotatable floorboard (202) in the cab (110);
movements by a rotatable cab (110) on the frame (102) of the
10 machine (100); and

movements by an upper swiveling body on the machine (100}

14. The method (500) of claim 13, further comprising:
recognizing and detecting instances of operator fatigue, via the
15 controller (302} configured with a machine (100) learning and pattern recognition
model, by interpreting patterns and features based on the received first, second,

third, and tourth signals received by the controller (302).
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Capturing Images OF The Operator, Via An Optic Sensor, And
Sending A First Signal Of The Images To A Controller In 202
Communication With The Oplic Sensor

¥

Recsiving Pressure Inputs From The Operator,

Via A Pressure Sensor On A Joystick In The Cab, 504
And Sending A Second Signal Of Pressure Inputs To The
Controller In Communication With The Pressure Sensor

¥

Receiving Thermal Inputs From The Operator, Via & Tharmal

Sensor On The Joystick, And Sending A Third Signal Of The | _spg

Thermal Inputs To The Controller In Communication With
The Thermal Sensor

¥

Receiving Weight Inputs From The Operator, Via A Load
Sensor, And Sending A Fourth Signal Of The Weight Inputs 508
To The Controller In Communication With The Load Sensor

¥

Detecting Operator Fatigue in Real Time By Procassing,
Via The Conitroller, The First, Second, Third, And 510
Fourth Signal Received By The Coniroller

¥
Activating An Alert Device Communicably Coupled To
The Controller, The Alert Device Configured To Receive
An Actuation Signal And lssue An Operator Alert, Via 512
The Confroller, To Alert The Opsrator When Instances
Of Operator Fatigue Are Detecled

FIG. 5



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2024/029636

A. CLASSIFICATION OF SUBJECT MATTER
INV. GO08B21/06

ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

G08B

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2021/188289 Al (0BA EIJI [JP]) 1,3,5-11
24 June 2021 (2021-06-24)
A abstract 12-14
paragraph [0044]
paragraph [0128]
paragraph [0377] - paragraph [0379]
paragraph [0454]
X US 2020/080851 Al (EDWARDS DAVID JAMES 1,2,4,5,
[US] ET AL) 12 March 2020 (2020-03-12) 8-11
A abstract; figure 2 12-14
paragraph [0029] - paragraph [0031]
A UsS 2007/0007092 Al (DANGER ELISABETH [DE] 1-14
ET AL) 4 January 2007 (2007-01-04)
abstract; figure 1
paragraph [0009]
paragraph [0018]
paragraph [0029] - paragraph [0031]

I:‘ Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance;; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance;; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

26 August 2024

Date of mailing of the international search report

05/09/2024

Name and mailing address of the ISA/
European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016

Authorized officer

Wagner, Ulrich

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2024/029636
Patent document Publication Patent family Publication
cited in search report date member(s) date

UsS 2021188289 Al 24-06-2021 CN 112672943 A 16-04-2021
DE 112019004597 T5 17-06-2021
JP 7288911 B2 08-06-2023
JP W02020054458 Al 02-09-2021
uUs 2021188289 Al 24-06-2021
uUs 2022388518 Al 08-12-2022
uUs 2023339476 Al 26-10-2023
WO 2020054458 Al 19-03-2020
Us 2020080851 Al 12-03-2020 uUs 2020080851 A1l 12-03-2020
WO 2020055632 Al 19-03-2020
Us 2007000709 Al 04-01-2007 DE 102005030934 A1l 11-01-2007
FR 2887844 Al 05-01-2007
uUs 2007000709 Al 04-01-2007

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - wo-search-report
	Page 36 - wo-search-report

