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(57) Abstract: A supplemental control system for a materials handling vehicle comprises a wearable control device, and a corres -
ponding receiver on the materials handling vehicle. The wearable control device is donned by an operator interacting with the mater -
ials handling vehicle, and comprises a wireless transmitter to be worn on the wrist of the operator and a travel control communicably
coupled to the wireless transmitter. Actuation of the travel control causes the wireless transmitter to transmit a first type signal desig-
nating a request to the vehicle. The receiver is supported by the vehicle for receiving transmissions from the wireless transmitter.
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WO 2012/100150 PCT/US2012/022011
SYSTEM FOR REMOTELY CONTROLLING A MATERIALS HANDLING VEHICLE

TECHNICAL FIELD
The present invention relates in general to materials handling vehicles, and more
particularly, to systems and methods for integrating supplemental wireless remote control

arrangements with materials handling vehicles for improved operation thereof.

BACKGROUND ART

Low level order picking trucks are commonly used for picking stock in warechouses
and distribution centers. Such order picking trucks typically include load carrying forks, a
power unit and a platform upon which an operator may step and ride while controlling the
truck. The power unit has a steerable wheel and corresponding traction and steering control
mechanisms, ¢.g., a movable steering arm that is coupled to the steerable wheel. A control
handle attached to the steering arm typically includes the operational controls necessary for
operating the truck, such as controls for raising and lowering the forks and for controlling the
speed and direction (forward or reverse) of the truck.

In a typical stock picking operation, an operator fills orders from available stock items
that are located in storage arcas provided on both sides of a plurality of aisles of a warchouse
or distribution center. The operator drives a low lever order picking truck to a first location
where item(s) on a first order are to be picked. In a pick process, the operator retrieves the
ordered stock item(s) from their associated storage area(s) and places the picked stock on a
pallet, collection cage or other support structure carried by the forks of the order picking
truck. The operator then advances the order picking truck to the next location where item(s)
are to be picked. The above process is repeated until all stock items on the order(s) have been
picked.

The operator normally steps onto the truck platform to ride on the order picking truck
when the distance between consecutive picks is longer, for example twenty or more feet
(approximately 6.1 meters). Correspondingly, the operator walks alongside the truck when
the distance along the route between consecutive picks is short. Accordingly, some order
picking trucks include jog switches located on the truck in the vicinity of the forks and/or on
or necar the control handle. The jog switches can be used by an operator walking alongside
the order picking truck to accelerate the truck to a walking speed, typically between
approximatcly 1.6 miles per hour (3.3 kilometers per hour) to around 3.5 miles per hour (5.6

kilometers per hour) to move from one stock pick location to the next stock pick location
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without the need to step onto the platform of the order picking truck. However, for
such actions, the operator is required to interrupt picking while the order picking truck
is relocated to the next location. Thus, the operator may be required to move out of a
desired working position or modify a desired walking route to reach the jog switches.

It is not uncommon for an operator to be required to repeat the pick process
several hundred times per order. Moreover, the operator may be required to pick
numerous orders per shift. As such, the operator may be required to spend a
considerable amount of time relocating and repositioning the order picking truck, which
reduces the time available for the operator to spend picking stock.

DISCLOSURE OF INVENTION

According to an aspect of the invention, there is provided a materials handling
vehicle comprising:

a power unit;

a load handling assembly;

at least one first obstacle detector comprising a sweeping laser sensor mounted
at a first location on said power unit to detect an object located in a scan zone along a
path of travel of said power unit beyond a non-detect zone of said first detector, wherein
the scan zone of the at least one first obstacle detector extends from the at least one first
obstacle detector at an angle down toward a floor surface in front of said power unit; at
least one second obstacle detector mounted at a second location on said power unit
below said first detector in a vertical direction and capable of detecting an object in said
non-detect zone underneath said scan zone of said first obstacle detector; a controller
that is responsive to remote travel requests and determines whether to implement each
remote travel request based on the evaluation of at least one vehicle condition; and

at least one presence sensor configured to detect the presence of a person on the
materials handling vehicle, wherein said at least one vehicle condition evaluated by said
controller comprises a status of at least one of said presence sensor(s) and said
controller is configured to decide to not implement said remote travel request if said
status from said presence sensor(s) is indicative of the presence of a person on the
materials handling vehicle.

In an embodiment, said sweeping laser sensor is capable of detecting an object
in any of first, second, and third zones, the first and third zones comprising steer
bumper zones used for implementing steer correction manoeuvers and the second zone
comprising a stop zone used for stopping the vehicle.

In an embodiment, said at least one second obstacle detector comprises first and
second point laser sensors spaced from one another in a horizontal direction.

2
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In an embodiment, said non-detect zone is located just in front of the vehicle and
underneath said scan zone of said first obstacle detector.

Optionally, said remote travel requests are requested by an operator using a
corresponding remote control device.

According to another aspect of the present invention, a remote control device is
provided, which is capable of wirelessly transmitting a travel request signal to a
materials handling vehicle as described above. The remote control device comprises a
support structure adapted to be mounted on a wrist or arm of an operator, a wireless
transmitter associated with the support structure, and control structure. The control
structure is in communication with the wireless transmitter and is adapted to be actuated
by the operator so as to cause the wireless transmitter to generate a first type signal to
the materials handling vehicle.

The control structure may comprise a rigid mounting structure adapted to be
mounted over at least one finger of the operator.

The support structure may comprise a mounting strap adapted to be secured to
the wrist or arm of the operator.

The wireless transmitter may be releasably coupled to the control structure.

The remote control device may further comprise a wire extending between the
wireless transmitter and the control structure, the flexible wire providing electrical
communication between the control structure the and wireless transmitter.

The wireless transmitter may be in wireless communication with the control
structure.

The first type signal may comprise a travel request signal.

The control structure may be actuated by the operator so as to cause the wireless
transmitter to generate a second type signal comprising a stop signal in response to
receipt of the second type signal so as to stop the materials handling vehicle if the
vehicle is moving under wireless remote control.

The control structure may be required to be double clicked by the operator to
cause the wireless transmitter to generate the first type signal and the control structure
may be required to be single clicked by the operator to cause the wireless transmitter to
generate the second type signal.

Multiple instances of the first type signal may be required for the materials
handling vehicle to implement the travel request signal.

If no vehicle-related activity has taken place for a predetermined amount of

time, the control structure may be required to be double clicked by the operator to cause
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the materials handling vehicle to implement the travel request signal.

For the first wireless command requested after the operator has stepped off the
materials handling vehicle, the control structure may be required to be double clicked
by the operator to cause the materials handling vehicle to implement the travel request
signal.

A single actuation of the control structure by the operator may cause a single
instance of the first type signal to be transmitted by the wireless transmitter to the
materials handling vehicle, and a double actuation of the control structure by the
operator may cause a double instance of the first type signal to be transmitted by the
wireless transmitter to the materials handling vehicle. The materials handling vehicle
may implement a stop function if a single instance of the first type signal is received,
and may implement a travel function if a double instance of the first type signal is
received.

A single actuation of the control structure by the operator may cause a single
instance of the first type signal to be transmitted by the wireless transmitter to the
materials handling vehicle, and a double actuation of the control structure by the
operator may cause a double instance of the first type signal to be transmitted by the
wireless transmitter to the materials handling vehicle. If the materials handling vehicle
is moving under wireless remote control upon receiving instances of the first type
signal, it may implement a stop function if a single or double instance of the first type
signal is received. If the materials handling vehicle is stopped upon receiving instances
of the first type signal, it may implement a travel function if a double instance of the
first type signal is received and may not implement a travel function if a single instance
of the first type signal is received.

The remote control device may further comprise a power pack for powering the
remote control device.

According to a second aspect of the present invention, a materials handling
vehicle is provided comprising a power unit, a load handling assembly, at least one first
obstacle detector, and at least one second obstacle detector. The at least one first
obstacle detector is mounted at a first location on the power unit to detect an object
located along a path of travel of the power unit beyond a non-detect zone of the first

detector. The at least one second
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obstacle detector is mounted at a second location on the power unit, spaced from the power
unit first location in a vertical direction, and is capable of detecting an object in the non-detect
zone of the first obstacle detector.

The at least one first obstacle detector may comprise a sweeping laser sensor.

The sweeping lascr scnsor may be capable of detecting an object in any of first,
sccond, and third zones, the first and third zoncs comprising stcer bumper zones used for
implementing steer correction mancuvers and the second zone comprising a stop zone used
for stopping the vehicle.

The at least one second obstacle detector may comprise first and second point laser

sensors spaced from one another in a horizontal direction.

BRIEF DESCRIPTION OF DRAWINGS

The following description of the preferred embodiments of the present invention can
be best understood when read in conjunction with the following drawings, where like
structure is indicated with like reference numerals, and in which:

Fig. 1 is a perspective view of a low level order picking truck according to various
embodiments of the present invention;

Fig. 2 is a block diagram illustrating an exemplary system for remotely controlling
traction, steer and/or brake functions of the truck illustrated in Fig. 1 in response to wireless
remote commands according to various embodiments of the present invention;

Fig. 3 is a schematic illustration of the truck in a warchouse aisle according to various
embodiments of the present invention;

Fig. 4 is a schematic illustration of the truck towards the end of an exemplary
warchouse aisle illustrating a disabling zone according to various aspects of the present
invention;

Fig. 5 is a flow chart illustrating an exemplary decision process of the controller on
the truck of Fig. 1 according to various embodiments of the present invention;

Fig. 6 is an illustration of an exemplary remote control device according to various
aspects of the present invention;

Fig. 7A and 7B are illustrations of components of a dockable communications device
that docks to a corresponding garment according to various aspects of the present invention;

Figs. 8A and 8B are illustrations of a communications device donned by an operator

according to various aspects of the present invention;
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Fig. 9 is a flow chart illustrating a method of pairing a wireless remote transmitter to a
receiver on a truck according to various aspects of the present invention;

Fig. 10 is a flow chart illustrating an exemplary method of pairing a wireless remote
transmitter to a receiver on a truck according to various aspects of the present invention;

Fig. 11 is a flow chart illustrating an excmplary mcthod of temporarily powering
down a truck having a recciver that was previously paired with a wircless remote transmitter
according to various aspects of the present invention;

Fig. 12 is a flow chart illustrating an exemplary method of terminating a pairing
between a receiver and a wireless remote transmitter according to various aspects of the
present invention;

Fig. 13 is a schematic illustration of an exemplary remote to be worn on the
wrist/hand of an operator;

Fig. 14 is a schematic illustration of a portion of the remote of Fig. 13 donned on the
hand of an operator where the operator is not engaging operative controls of the remote;

Fig. 15 is a schematic illustration of the remote of Fig. 13 donned on the hand of an
operator where the operator is in the process of engaging a control of the remote;

Fig. 15A schematically illustrates an alternate button configuration for a wrist/hand
mounted remote;

Fig. 16 is a schematic illustration of the remote of Fig. 13 worn by an operator while
carrying a package with both hands;

Fig. 17 is a side view of an exemplary control area of another exemplary remote;

Fig. 18 is a perspective view of the control area of the remote of Fig. 17;

Fig. 19A is a perspective view of a control area of another exemplary remote being
worn by an operator;

Fig. 19B is a perspective view of a remote including the control area of Fig. 19A
illustrating the control area and a transmitter assembled together;

Fig. 19C is a top view of the remote of Fig. 19B;

Fig. 19D is a top view illustrating the remote of Fig. 19B with the control arca
separated from the transmitter by a tethered interconnect;

Fig. 20 is a side view of a control arca of the remote of Figs. 19B-19D, illustrating a
clamping approach to donning the control area;

Fig. 21A is a perspective view of a portion of yet another exemplary remote being

worn by an operator;
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Fig. 21B is a perspective view of a control area of the remote of Fig. 21A coupled to a
transmitter of the remote;

Fig. 22A is a side view of another exemplary remote being worn by an operator;

Fig. 22B is a perspective view of the remote of Fig. 22A;

Fig. 23 is yet another exemplary remote, which is worn on a wrist of an operator;

Fig. 24 is a furthcr exemplary remote, which is worn on a wrist of an opcrator;

Fig. 25A is an illustration of yet another exemplary remote donned on the hand of an
operator;

Fig. 25B is an illustration of the remote of Fig. 25A, wherein an operator is in the
process of actuating a button;

Fig. 25C is a schematic side illustration of the remote of Fig. 25A, illustrating the
button as having a first contact member and a second contact member;

Figs. 26-28 illustrate an additional exemplary remote, which is adapted to be worn on
a wrist/arm of an operator; and

Figs. 29-30 are side and top views of a materials handling vehicle according to another

embodiment of the present invention.

MODES FOR CARRYING OUT THE INVENTION

In the following detailed description of the illustrated embodiments, reference is made
to the accompanying drawings that form a part hereof, and in which is shown by way of
illustration, and not by way of limitation, specific embodiments in which the invention may
be practiced. It is to be understood that other embodiments may be utilized and that changes
may be made without departing from the spirit and scope of various embodiments of the
present invention.

Various aspects of the present invention relate to wireless remote control
arrangements that include a wireless remote control that is worn or otherwise secured to an
operator for wireless remote operation of features of a materials handling vehicle such as a lift
truck. Further, various aspects of the present invention relate to systems provided on a
materials handling vehicle for responding to wireless remote control commands. Still further,
synchronization and use operations are described to facilitate user interaction and wireless
remote control of a materials handling vehicle according to various aspects of the present
invention.

Referring now to the drawings, and particularly to Fig. 1, a materials handling vehicle,

which is illustrated as a low level order picking truck 10 includes in general, a load handling
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assembly 12 that extends from a power unit 14. The load handling assembly 12 includes a
pair of forks 16, cach fork 16 having a load supporting wheel assembly 18. The load handling
assembly 12 may include other load handling features in addition to, or in licu of the
illustrated arrangement of the forks 16, such as a load backrest, scissors-type elevating forks,
outriggers and separate height adjustable forks, a mast, a load platform, collection cage or
other support structure carricd by the forks 16 or otherwise provided for handling a load
supported and carried by the truck 10.

The illustrated power unit 14 comprises an operator’s area 30 having a first end
section 32 positioned opposite the forks 16, a second end section 34 positioned adjacent to the
forks 16 and a step-through operator’s station 36 dividing the first end section 32 from the
second end section 34. A first work area is provided towards the first end section 32 of the
power unit 14 and includes a control area 40 for driving the truck 10 and for controlling the
features of the load handling assembly 12. The first end section 32 may also optionally
comprise a first storage area 46, e.g., for securing loose items that a corresponding truck
operator may wish to keep track of. The first end section 32 also defines a compartment 48
for containing a battery, control electronics and motor(s), such as a traction motor, steer motor
and lift motor for the forks (not shown).

As shown for purposes of illustration, and not by way of limitation, the control area 40
comprises a handle 52 for steering the truck 10, which may include controls such as grips,
butterfly switches, thumbwheels, rocker switches, a hand wheel, a steering tiller, etc., for
controlling the acceleration/braking and travel direction of the truck 10. For example, as
shown, a control such as a switch grip 54 may be provided on the handle 52, which is spring
biased to a center neutral position. Rotating the switch grip 54 forward and upward will cause
the truck 10 to move forward, e.g., power unit 14 first, at a speed proportional to the amount
of rotation of the switch grip 54. Similarly, rotating the switch grip 54 toward the rear and
downward of the truck 10 will cause the truck 10 to move in reverse, ¢.g., forks 16 first, at a
speed proportional to the amount of rotation of the switch grip 54. Devices may also be
provided for sounding a horn or for performing other truck functions.

The step-through operator’s station 36 provides a platform 56 upon which an operator
may stand to drive the truck 10 and operate the load handling features of the truck 10.
Presence sensors 58 may also be provided, ¢.g., on, above, or under the platform floor 56 or
otherwise provided about the operator’s station 36, to detect the presence of an operator on
the truck 10 as will be explained in greater detail herein. In the exemplary truck of Fig. 1, the

presence sensors 58 are shown in dashed lines indicating that they are positioned under the
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platform 56. Under this arrangement, the presence sensors 58 may comprise load sensors,
switches, etc. As an alternative, the presence sensors 58 may be implemented above the
platform 56, such as by using ultrasonic, capacitive or other suitable sensing technology.

The second end section 34 of the power unit 16 may comprise an operator rest pad or
othcer suitable support structurc, a grab bar 62 and a sccond storage arca 64. An antenna 66 is
provided for rcceiving control signals from a corresponding remote control device 70, which
in one embodiment comprises a transmitter, a power pack, and a control structure, as will be
described in greater detail herein. As shown, radio frequency (RF) performance is facilitated
by coupling the antenna 66 to the second end section 34 of the power unit 14, ¢.g., along or
otherwise proximate to a vertically extending post 67 that may also support a light source 68.
The placement of the antenna 66 above the light source 68 on the post 67 provides a
convenient location for promoting RF reception and may eliminate variability from the light
source 68 and its associated wires running past the antenna 66. Alternatively, the antenna 66
can be positioned anywhere else on the truck 10. The light source 68 may be utilized to
provide information about the state of the truck 10 and/or state of wireless communication
between a properly paired wireless remote control and the truck. For example, the light may
illuminate when the truck 10 is in motion and blink or illuminate in defined patterns to
indicate prescribed conditions.

The grab bar 62 may be used by the operator as a grasping surface, e.g., when
entering, exiting or operating the truck 10. Additionally, the grab bar 62 and other included
posts, ¢.g., an additional optional grab bar towards the first end section 32 (not shown) may
be further utilized, for example, to support accessories such as scanners, computers, radios,
communications devices and other electronics, lights, clipboards, fans, storage units and other
work or convenience related accessories, or other required items for performing intended
tasks within an application. For example, the grab bar 62, or second end section 34 in
general, may be used to mount supplemental operational controls.

The exemplary truck 10 is provided for illustration and not by way of limitation. In
practice, the truck 10 may be implemented in other formats, styles and features, such as an
end control pallet truck that includes a stecring tiller arm that is coupled to a tiller handle for
steering the truck. In this regard, the truck 10 may have similar or alternative control
arrangements to that shown in Fig. 1.

In addition to or in licu of the light source 68, an indicator, e.g., audible, visible etc.,
may be associated with the remote control system as will be described in greater detail herein.

For example, as shown, the truck 10 may include an indicator such as a strobe light 72, which

8
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is illustrated as being positioned on or adjacent to the second end section 34 of the power unit
14 mounted relatively low to the ground. The indicator may alternatively be mounted in any
other practical location, ¢.g., on a load backrest, on a vertically extending pole such as the
light source 68, or other part of the truck 10.

The strobe light 72 may be sct to a unique pattern that is associated with remote
control opcration. As such, when the truck 10 is not operating under wircless remote control,
the strobe pattern can change relative to when the truck 10 is operating under wireless remote
control. For example, the strobe light 72 may be turned oft or changed in intensity, pattern
etc. when the truck 10 is not under wireless remote control. Comparatively, the strobe can
flash when the truck 10 is under wireless remote control. The speed, intensity or other
patterns can vary based upon the operating conditions of the truck, e.g., to indicate motion,
fault conditions, etc. As illustrated, the light pattern 74 from the strobe light 72 is directed
generally downward at an angle towards the forks 16. As such, the strobe area is not
distracting to the operator or to other people in the vicinity of the truck 10, e.g., in the
working aisle of the truck 10, yet is apparent and visible to the operator and other people in
the vicinity of the truck 10.

The truck 10 may also comprise one or more object sensors 76, which are provided
about the truck 10, e.g., towards the first end section 32 of the power unit 14 and/or to the
sides of the power unit 14. The object sensors 76 may comprise any suitable proximity or
contact detection technology, such as an ultrasonic sensors, optical recognition devices,
infrared sensors, etc. For example, the object sensors 76 may be implemented by Bosch
URF6 ultrasonic sensors and a corresponding controller.

The object sensors 76 may be used to detect the presence of objects within a
predefined area of the power unit 14, such as within a predefined detection arca 78 as
illustrated in dashed lines. In practice, the range of each object sensor 76 may be different,
and the sensor detection areas 78 may overlap or otherwise be arranged, depending upon the
specific implementation and selection of proximity detecting technology. For example, the
object sensors 76 towards the front of the power unit 14 may have a range of approximatcly
0-5 feet (0-1.5 meters) and the object sensors 76 to the sides of the power unit 14 may have a
range of approximately 0-2 feet (0-0.6 meters). Moreover, the detection range of the object
sensors 76 may be adjustable or be otherwise made dynamically variable. For example, the
range of the object sensors 76 may be extended if certain operating conditions are detected,
ctc. As an example, the range of the object sensors 76 may be adjusted based upon the speed

of the truck 10 when advancing under wireless remote control.
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Further, the truck 10 may comprise one or more load presence sensors 80. The load
presence sensor(s) 80 may comprise proximity or contact technology, ¢.g., a contact switch, a
pressure sensor, an ultrasonic sensor, optical recognition device, infrared sensor or other
suitable technology that detects the presence of a suitable load carrying structure, e.g., a pallet
or other platform, collection cage, ctc. The load presence sensor(s) 80 may be mounted
towards thc front of the power unit 14, to a load backrest or other suitable support structure,
the location of which will likely depend upon the technology deployed.

Referring to Fig. 2, a block diagram 100 illustrates a control arrangement for
integrating remote control commands with the truck 10. The antenna 66 is coupled to a
receiver 102 for receiving commands issued by the remote control device 70. The receiver
102 passes the received commands to a controller 103, which implements the appropriate
actions in response to the received commands, e.g., by operating relays or other actuation
devices controlled by electricity, magnetics, hydraulics, pneumatics, etc., or by
communicating with other truck components. The controller 103 may also receive other
inputs 104 from other sources, such as switches, encoders and other input devices available to
the truck 10 to determine appropriate action in response to the received commands from the
remote control device 70.

In one exemplary arrangement, the remote control device 70 is operative to wirelessly
transmit a travel request as first type signal, also referred to herein as a “travel signal” or “go
signal” to the receiver on the truck 10. The travel request is used to request the truck 10 to
advance or jog in a first direction. The first direction may be defined, for example, by
movement of the truck 10 in a power unit 14 first, i.c., forks 16 to the back, direction.
However, other directions of travel may alternatively be defined. Moreover, the truck 10 may
be controlled to travel in a generally straight direction or along a previously determined
heading.

The first type signal is received by the receiver 102 and is communicated to the
controller 103. If the controller 103 determines that the travel signal is a valid travel signal
and that the current vehicle conditions arc appropriate (explained in greater detail below), the
controller 103 sends a signal to the appropriate control configuration of the particular truck 10
to advance and then stop the truck 10. As will be described in greater detail herein, stopping
the truck 10 may be implemented by either allowing the truck 10 to coast to a stop, by
applying a brake to stop the truck.

As an example, the controller 103 may be communicably coupled to a traction control

system, illustrated as a traction motor controller 106 of the truck 10. The controller is
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responsive to receipt of the first type signal by the receiver 102 to evaluate at least one vehicle
condition, to decide whether to implement the travel request based upon the evaluation of the
vehicle condition(s) and to cause the traction control system to advance the vehicle if the
controller decides to implement the travel request based upon the evaluation of the
condition(s).

The traction motor controller 106 is coupled to a traction motor 107 that drives at least
one steered wheel 108 of the truck 10. The controller 103 may communicate with the traction
motor controller 106 in such a way so as to limit the speed of the truck 10 in response to
receiving a travel request from the remote control device 70. For example, the travel speed of
the truck 10 may be limited to typical walking speed, ¢.g., up to or around 2.75 miles per hour
(4.4 kilometers per hour).

There may be noise and/or interference, e.g., from other wireless and remote control
systems in the vicinity of the truck 10. As such, either the receiver 102 or the controller 103
may perform signal analysis to discriminate valid travel signals from invalid signals. For
example, the controller 103 may determine that the receiver 102 has provided a travel signal
at an improper frequency or on an improper channel. Moreover, an operator and/or
transmitter identification (ID) code may be embedded into the travel request as will be
described in greater detail below. Under such a case, the controller 103 may be operatively
configured to respond to messages bearing only certain ID codes or to exclude/disregard
commands from certain ID codes.

Also, the travel signal may be detected at a power level that is too strong or too weak
to be considered a valid signal. For example, if a signal is too strong, it may indicate that an
operator is too close to the truck 10 to initiate automated travel. Correspondingly, if a signal
is too weak, that may indicate that an operator has exceeded a predetermined range from the
truck 10 for allowed remote control.

Still further, the controller 103 may require an acknowledgement signal or other bi-
directional communication from the remote control device 70 that was not timely received.
For example, the controller 103 may be coupled to a transmitter 109 on the truck 10 to
facilitate bi-directional communication with the wircless remote control device 70. Under
these and other similar circumstances, the controller 103 may opt to disregard a received
travel request and not take action if the bi-directional communication is not properly
confirmed. Still further, bi-directional communication may be utilized for pairing the receiver
102 in the truck 10 to a corresponding instance of a wireless remote control device 70 as will
be described in greater detail herein.
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The controller 103 may also refuse to acknowledge the travel signal depending upon
vehicle condition(s) that relate to environmental or operational factors. For example, the
controller 103 may disregard an otherwise valid travel request based upon information
derived from one or more of the sensors 58, 76, 80. In this regard, the sensors 58, 76, 80 etc.
may be coupled to the controller 103 via the inputs 104 or via a suitablc truck nctwork, such
as a control arca network (CAN) bus 110. Any othcr number of reasonable conditions may
also/alternatively be implemented by the controller 103 to interpret and take action in
response to received signals.

The CAN bus 110 facilitates a convenient platform for the controller 103 of the truck
10 to communicate with any truck system or module connected to the CAN bus 110 to make
decisions as to how to implement commands received from the remote control device 70.
Moreover, relevant information derived from the truck 10 can be communicated back to the
remote control device 70 by utilizing the transmitter 109 in the truck 10 to communicate with
a corresponding receiver in the remote control device 70.

The CAN protocol is a convenient network platform for material handling vehicles as
there is no addressing of subscribers or stations in the conventional network sense. Rather,
the CAN defines a prioritized system of transmitted messages where the priority of a given
message broadcast across the CAN bus 110 is dependent upon a corresponding message
identifier code. A message broadcast from a first module can be received by all nodes or
modules connected to the CAN bus 110. Thus, the controller 103 can make intelligent
decisions with regard to wireless remote control and/or to the exchange of information with a
corresponding paired wireless remote control device 70 based upon any number of factors,
states, conditions, etc., that can be conveyed across the CAN bus 110.

The network may alternatively comprise any other bus system, e.g., a Local
Interconnect Network (LIN) or a Vehicle Area Network (VAN), etc., or communications
capabilities, such as a wiring harness, bus other signal propagation manner or other control
network. As such, the various controllers and electronics on the truck 10 may broadcast,
unicast or otherwise communicate with cach other.

Upon acknowledgement of a valid travel request, the controller 103 interacts with the
traction motor controller 106, e¢.g., via the CAN bus 110 or other communication coupling, to
advance the truck 10. Depending upon the particular implementation, the controller 103 may
interact with the traction motor controller 106 to advance the truck 10 by a predetermined
distance. Alternatively, the controller 103 may interact with the traction motor controllier 106
to advance the truck 10 for a period of time in response to the detection and maintained
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actuation of the control on the remote control device 70. Further, the truck 10 may be
configured to jog for as long as a travel control signal is received. However, the controller
103 may further be configured to “time out” and stop the travel of the truck 10 based upon a
predetermined event, such as exceeding a predetermined time period or travel distance
regardless of whether maintained actuation of a corresponding control on the remote control
device 70. Other control arrangements may alternatively be implemented for effecting the
range, duration, speed, cte. of the truck 10 when operating under wireless remote control,
examples of which will be set out in greater detail herein.

The controller 103 may also communicate, ¢.g., via the CAN bus 110 or otherwise,
with a steer control system to cause the truck 10 to adjust a travel path of the truck 10. For
example, the controller 103 may communicate with a steer controller 112 to command or
otherwise control a steer motor 114 or other suitable control device, which also couples to the
steered wheel(s) 108 of the truck 10. For example, the controller 103 may straighten out the
truck 10, or adjust a steer angle of the truck 10 before or during a wireless remote control
initiated travel operation. As such, the controller 103 may default to a mode of operation
wherein the truck 10 travels in a straight direction or along a predetermined heading when the
truck 10 is moving under wireless remote control in response to receipt of a travel request.
The controller 103 may further impose a steer angle limit during remote control operations if
the truck 10 is to travel in a direction where the steered wheel(s) 108 is not straight. For
example, the controller 103 may limit the angle that the truck 10 can travel when executing
remote controlled travel requests to a range of approximately 5 to 10 degrees. Thus, in
addition to jogging the traction motor 107, the controller 103 may also straighten out or
otherwise adjust or control the steered wheel 108.

The remote control device 70 may also be operative to transmit a second type signal,
such as a “stop signal”, designating that the truck 10 should brake and/or otherwise come to
rest. The second type signal may also be implied, e.g., after implementing a “travel”
command. The second type signal is received by the receiver 102 and is communicated to the
controller 103. If the controller 103 determines that the stop signal is a valid stop signal, the
controller 103 sends a signal to a brake control system, ¢.g., via thc CAN bus 110 or
otherwise. For example, the controller 103 may communicate with a brake controller 116 of
the truck 10 to cause an appropriate brake arrangement 117 to bring the truck 10 to rest. As
an alternative to a stop signal, the second type signal may comprise a “coast signal”,
designating that the coast should allow the truck 10 to eventually come to rest. For example,

if a coast signal is recognized by the controller 103 as a valid coast signal, then the controller
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103 may disengage drive to the truck 10, e.g., by instructing the traction controller 106 to stop
applying a signal to drive the traction motor 107, but otherwise allow the truck 10 to coast
and gradually slow to a stop. Any number of reasonable conditions or factors may be
considered by the controller 103 to interpret and take action in response to received stop or
coast signals. Furthcr, rathcr than the remote control device 70 transmitting a sccond type
signal to request that the truck 10 implement a particular function, the remote control device
70 may transmit multiple instances of the first type signal, i.c., if a button on the remote
control device 70 is “double clicked”, to request that the truck 10 implement a particular
function, as will be discussed below.

The time that it takes to bring the truck 10 to a complete rest may vary, depending for
example, upon the intended application, the environmental conditions, the capabilities of the
particular truck 10 and other similar factors. For example, after completing an appropriate
jog movement, it may be desirable to allow the truck 10 to “coast” some distance before
coming to rest so that the truck 10 stops slowly. This may be achieved by utilizing
regenerative braking to slow the truck 10 to a stop so that a predetermined range of travel
distances may be achieved from the initiation of the stop operation until the time in which the
truck finally comes to rest. Alternatively, a braking operation may be applied after a
predetermined delay time to allow a predetermined range of additional travel to the truck 10
after the initiation of the stop operation. It may also be desirable to bring the truck 10 to a
relatively quicker stop, e.g., if an object is detected in the travel path of the truck 10 or if an
immediate stop is desired after a successful jog operation. For example, the controller may
apply predetermined torque to the braking operation. Under such conditions, the controller
103 instructs the brake controller 116 to apply the brakes 117 to stop the truck 10.

Moreover, if a truck disable function is implemented, the truck may stop with
maximum braking torque. For example, the wireless remote control 70 may include a disable
control that transmits a message instructing the truck 10 to brake and/or shut down. In
response to the disable function, the truck 10 may also switch off a main contactor 118 that is
utilized to power up the truck 10. Under this arrangement, the truck 10 may require a restart
operation, ¢.g., by using a key switch or other suitable configuration to re-initiate a truck
startup procedure. The controller 103 may also interact with other truck outputs 119 to
implement desired activities, e.g., to control a horn, light source, display, etc. As such, the
controller 103 may interact with various components of the truck 10, with the operator and
with wireless remote control devices 70 to implement various traveling, stopping, coasting
and power enabling strategies.
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As noted above, the controller 103 may communicate with the brake controller 116 to
cause the brake arrangement 117 to bring the truck 10 to rest under various conditions. For
example, the outputs of the object sensors 76 may be overridden while the operator is driving
the truck 10, for example, to allow the operator to navigate the truck 10 in tight spaces and
around corners that might otherwise activate onc or more of the object sensors 76. Howcver,
the outputs of the object sensors 76 may be cffective and not overridden when no operator is
sensed on the truck 10. As such, the controller 103 may communicate with the brake
controller 116 to stop the truck 10 if the controller 103 determines that an object is in the path
of travel of the truck 10, ¢.g., as detected by the object sensors 76 during travel in response to
receiving a remote travel request from the remote control device 70.

Additionally, the controller 103 may refuse to implement a travel request in response
to receiving a travel signal from a corresponding wireless remote control 70 if the platform
presence sensor(s) 58 detect the presence of an person on the truck, or where the load
presence sensors 80 indicate that a corresponding load platform, e.g., a pallet, is not in
position on the forks of the truck. Still further, the controller 103 may communicate with the
brake controller 116 to stop the truck 10 if the load presence sensors 80 detect a change of the
load platform from a valid designated position.

The remote control device 70, the receiver 102 and the transmitter 109 may
communicate over a range of frequencies, thus allowing the remote control device 70 and
corresponding truck 10 to lock onto a frequency or frequencies that have minimal interference
from outside sources. Additionally, any number of wireless technologies may be utilized to
facilitate interaction between the truck 10 and the remote control 70, including the use of
spread spectrum technologies.

As an example, technologies such as a Bluetooth communications link or a derivative
thereof, may be formed between the transmitter in the remote control device 70 and the
receiver 102 on the truck 10. The Bluetooth and similar communication technologies allow
control over remote output power intensity, adjustable output power, multiple sub-channels
and frequency hopping to reduce the likelihood of noisc and other interference in the work
arca. Bluctooth bandwidth may also simplify transmission of voice control, as will be
described in greater detail herein.

If the truck 10 includes a tiller arm instead of the illustrated steering control, the truck
may include a steering arm brake. As such, a steering arm locking device may be provided

for placing the truck into a coast mode of operation when using the remote, for example, as
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disclosed in U.S. Pat. No. 6,595,306, assigned to the same assignee, and which is herein
incorporated by reference.

Referring to Fig. 3, the remote control device 70 and the corresponding receiver 102
may be configured so that wireless control is operable over a predetermined distance. The
truck 10 is situated in a typical warchouse aisle 120 having a plurality of storage locations
122 on cither side of the aisle 120. As illustrated, the remotc control device 70 is capable of
communicating with the truck 10 over a range designated by the dashed path radius 130. The
range may vary depending upon a particular implementation. For example, a range of
operation may depend upon an anticipated distance that an operator is expected to walk from
the truck 10 to pick an item during a picking process. In an illustrative example, this distance
may be approximately 25 feet (7.62 meters). Moreover, the range of operation need not be
the same in all directions or under all conditions. For example, the range of operation may
have a pattern that is elliptical or in some other directional pattern, etc. Still further, there
may be a minimum range, within which the wireless remote control may be nonfunctional.
As described above, the controller 103 may discriminate signals that are too strong,
suggesting that the operator is either standing on, or is in too close of proximity to the truck
10 for remote operation. As yet another example, the operation range may be affected by
operating conditions and environmental conditions, such as the speed of the truck, where the
truck is located within a facility, etc.

It may be desirable to set or otherwise program the range of the object sensors 76 for
detecting obstacles in the path of the truck 10, which is traveling in response to receiving a
travel request from the remote control device 70. For example, as shown, each of the abject
sensors 76 are set to detect objects in their path within a distance, which is schematically
suggested by the range designated by the dashed detection area 78 proximate to cach object
sensor 76. The side-located object sensors 76 are not illustrated in Fig. 3 for clarity of
discussion. The range of the object sensors 76 may also be configured to change, either
statically or dynamically. For example, the range of the object sensors 76 may change as the
speed of the truck 10 changes in response to received jog commands, ctc.

For cach actuation of the travel request on the remote control device 70, the operator
can advance the truck 10 without taking the time to physically engage the controls on the
truck 10. For example, upon issuing a travel request via the remote control device 70, the
operator may walk towards the next item to be retrieved, or perform some other task. The
truck 10 automatically travels forward by an amount corresponding to the travel request. For

example, if travel for a predetermined distance is commanded, after traveling the
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predetermined distance, the truck 10 stops, without requiring a separate control action from
the operator. Alternatively, the truck 10 may stay in motion for as long as a jog command is
issued by the remote 70, ¢.g., by maintained actuation of a travel button. Under this later
configuration, the truck 10 continues to travel until the operator releases the travel button, the
opcrator engages a stop or coast button, a specified maximum continuous travel time expires
or somc other appropriate action stops the truck 10.

As an example, of a first optional manner in which an operator can interact with the
truck 10, assume that an operator travels with the truck 10 down the aisle 120. A first row
142 of storage locations 122 is located on a first side of the truck 10. A second row 144 of
storage locations 122 is located on a second side of the truck 10. Each of the first and second
rows 142, 144 of storage locations 122 include a plurality of individual storage areas, which
may be bins, pallets, delineated or otherwise designated areas, etc. Moreover, cach storage
location 122 may comprise several independent storage areas that are vertically stacked, such
as in a racking system in a warchouse facility or distribution center. As such, there may be
multiple levels of storage at each storage location 122. During automatic operation of the
truck via the remote control device 70, the truck 10 travels down the aisle 120. For example,
the truck 10 is illustrated traveling with the power unit 14 forward as illustrated by the
directional arrow 132. Thus, the forks 16 are towards the back of the truck 10 when traveling
under remote control. Other travel directions may be alternatively implemented.

Assume that the operator is initially located at position A, and that an item is to be
picked from a storage location 122 designated as storage location “122-1” in row 144. The
operator walks from position A to the storage location “122-1" to retrieve the desired pick
item. After picking the desired contents, the operator is at position B, which is just in front of
storage location ““122-1”. It is further assumed that the operator has advanced or is in the
process of advancing the truck 10 using the remote control device 70 such that a load
platform 146 that is situated on the forks 16 of the truck 10 is located at position C, which is
in the vicinity of position B. The operator need not carry any item(s) of the pick order to the
truck 10 when walking from position A to storage location “122-1”. Morcover, by the time
that the operator arrives at position B with the item(s) picked from storage location “122-1”
(or shortly before or thereafter), the truck 10 has come to rest at position C. Thus, the
operator need only carry the pick item(s) a relatively short distance from storage location
“122-1 to position B.

After placing the pick onto the load platform 146 of the truck 10, the operator may

then step onto the truck 10 to drive to the next location, or if there are additional items to be
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picked in the current aisle 120, the operator may move the truck 10 using the travel control of
the remote control device 70.

Continuing with the above example, it is assumed that the operator is now located at
position B, and that an item is to be picked from a storage location 122 designated as storage
location “122-2” in row 142. The opcrator walks from position B to storage location “122-2”
to retrieve the desired pick item. Morcover, the operator initiates a wireless remote control
travel request, e.g., by using the remote control device 70 to wirelessly transmit a first type
(“travel”) signal to the receiver on the truck 10. By the time that the operator arrives at
position D with the item picked from storage location “122-2” (or shortly before or
thereafter), the truck 10 has traveled under wireless remote control from position C and has
come to rest at position E, which is in the vicinity of position D. Again, the operator places
the retrieved item on the load platform 146 of the truck 10 in a manner that minimizes the
distance that the operator must walk while carrying items on the pick order.

Moreover, by moving the truck 10 foreword while picking, the time required to pick
from a given aisle 120 can be reduced because the operator need not interrupt the pick process
to reposition or reorient the truck 10. Still further, as schematically illustrated, a single
actuation of a travel control on the remote control device 70 may cause the truck 10 to
advance a distance S1 and then stop. As such, after actuating the travel control via the remote
control device 70, the truck 10 is positioned in a convenient place for the operator to place
previously retrieved items in a manner that minimizes the distance that the operator must
carrying the picked item(s). Moreover, because the operator need not disrupt picking or other
work related tasks, the operator may save energy and time in completing a given task, e.g.,
compared with an operation wherein the operator is required to continually stop working to
advance the truck to its next location.

One measure of productivity of an operator is the time that the operator spends at the
pick face. That is, how much time is spent picking orders compared to time spent relocating
the truck 10 and performing other tasks not immediately related to locating and loading pick
items. As is cvident in the discussion above, the time required to relocate the truck 10 has
been reduced allowing the operator to spend more time picking items. Morcover, the truck 10
can be remotely controlled to always stay in front of the operator, allowing the operator to
work towards a load carrying portion of the truck 10. This minimizes the distance that the
operator must travel to fetch and load pick items, and further reduces the distance that the

operator must walk while carrying the pick items. This may become significant, especially
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where the forks 16 of the truck 10 are relatively long. For example, certain forks 16 can
support triple length loads, such as three pallets.

Moreover, warchouse management system software that directs operators in their
picking operations can take into account the remote travel control of the truck 10 when
planning pick orders so that thc advantages of the remote control can be further enhanced by
morc cfficient computer proccssing when preparing the pick orders.

Referring to Fig. 4, according to an aspect of the present invention, additional features
may be incorporated into the warchouse or other facility and/or to the truck 10 to provide
enhanced functionalitics. For example, the wireless remote jog control functionality may be
disabled in certain locations about a facility, such as at the end of aisles, at crossing or
intersecting passageways, at loading or receiving dock areas, at areas of high pedestrian
traffic, etc. To illustrate this feature, assume that wireless remote jog control is to be disabled
on the truck 10 as the truck 10 approaches the end of an aisle 120. To facilitate disabling
wireless remote jog control of the truck 10 at a predetermined location, the truck 10 includes
one or more devices 148, such as radio frequency identification (RFID) antennas.
Corresponding RFID tags 150 are positioned at the end of the aisle at a suitable position.

The devices 148 generate signals in response to detecting the end of the aisle, e.g., by
sensing the corresponding RFID tags 150, which trigger the truck 10 to stop if it is under
wireless remote jog control. For example, signals from the devices 148 may couple to
corresponding inputs, ¢.g., appropriate ones of the inputs 104 on the controller 103. For
example, if the controller 103 detects an appropriate signal from one of the devices 148 and
the controller 103 detects that it is currently operating the truck 10 in response to a travel
request from the remote control device 70, the controller may issue an appropriate command
to the brake controller 116 to stop the truck 10.

In the illustrated example, the aisle 120 is 15 feet (approximately 4.6 meters) wide and
the RFID antennas 148 are configured to detect the corresponding RFID tags 150 within a
radius of 13 feet (approximately 3.9 meters). This provides sufficient overlap of coverage in
the aisle 120 for detection by the truck 10 and provides ample distance for the exemplary
truck 10 to brake or otherwise come to a rest proximate to the end of the aisle. In practice,
other ranges may be utilized and may be varied, based for example, upon the stopping
requirements of the truck 10 and corresponding wireless remote control implementation, the
sensing technology utilized and other suitable factors.

Referring to Fig. 5, a method 200 of implementing the travel function is illustrated.
The method 200 may be implemented, for example, by the controller 103 on the truck 10. As
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noted herein, the controller 103 may be responsive to receipt of a travel request from the
remote control device 70 to cause the truck 10 to advance unless at least one condition is
satisfied. The method 200 sets out various exemplary vehicle conditions that may affect how
the controller 103 interprets travel requests from the remote control device 70.

The proccess waits to receive a travel request at 202. 1f no travel request is received,
the process continucs to wait. 1f a travel request is received, the process may either
implement the travel request 202 or perform optional checks or evaluations of vehicle
conditions to determine whether to acknowledge or otherwise implement the travel request,
examples of which are illustrated at 204, 206, 208 and 210.

For example, the process may require that the truck is stopped before recognizing a
new travel request. This vehicle condition requirement may be implemented, for example,
where the controller 103 limits the maximum amount of continuous travel of the vehicle
without stopping while under wireless remote control in response to receipt of the first type
(travel request) signal(s). In this regard, the controller 103 may determine whether the truck
is currently stopped at 204, e.g., using feedback from an encoder or other suitable device to
detect motion of the truck. If the truck is not stopped, the process may optionally wait until
the truck has come to rest or the process may ignore or otherwise terminate evaluation of
whether to implement the received travel request as indicated by the dashed lines.

Moreover, the process may require that not only that the truck be stopped, but that
there is no movement of the truck for a predetermined period of time. Thus, for example, if
the truck is stopped, the process may determine whether a predetermined interval has passed
after detecting that the truck has come to rest at 206. If the predetermined interval has not
passed, the process may wait until the predetermined interval has lapsed or the process may
ignore or otherwise terminate processing of the received travel request as indicated by the
dashed lines.

The process may also check at 208 for vehicle conditions such as operational and/or
environmental conditions that would affect operation of the truck in response to a remote
travel request. If the vehicle condition check(s) indicate that it is okay to proceed processing
the received travel request, then processing continues. Otherwise, the process may wait to
resolve the condition, or the process may ignore or otherwise terminate processing of the
received travel request as indicated by the dashed lines.

Operational and environmental conditions that may cause the process to ignore or
otherwise refuse to implement a travel request from the remote control device 70 may include

factors such as detecting an operator on the platform, detecting an object in the travel path of
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the truck, detecting that the truck is in an area or location where wireless remote control is not
allowed, ¢.g., at the end of aisles or at intersections such as by using the RFID tags described
with reference to Fig. 4, detecting the lack of a pallet or other suitable carrier structure on the
forks of the truck, detecting that an invalid operator is logged into the truck and/or that the
truck is paired with an unauthorized uscr, detecting that the power level of the received travel
request is outside a range, ¢.g., too weak indicating that the operator is out of a predetermined
maximum range, or too strong, indicating that the operator is too close to the truck, etc. Thus,
the operator may have to wait, clear an obstacle, or otherwise remedy a condition before the
truck is ready to respond to remote travel requests.

The process may also check that a steer angle of the truck is within a predetermined
range of steer angles at 210. If the steered wheel(s) of the truck are turned beyond the
predetermined range, the steer angle may be corrected at 212. Alternatively, the system may
default the steered wheel to a predetermined position, e.g., steered straight or the system may
ignore or otherwise terminate processing of the received travel request.

The truck is then moved forward at 214. For example, if each evaluated vehicle
condition is satisfied by the controller as allowing remote travel, the controller causes the
traction control system to advance the truck. The truck may also sound an alarm or provide
other forms of audible or visual cues when the truck is traveling in response to wireless
remote control commands, or when the travel control on the remote control device 70 remains
actuated, such as by using the light source 68 and/or the indicator such the strobe light 72. As
further illustrative examples, a horn and/or other cue may be controlled by relays or other
suitable switching devices to be active concomitantly with engagement of the traction motor
while the truck operates in response to wireless remote control commands.

The process checks at 216 to determine whether a predetermined stopping event has
occurred. For example, the process may check to determine whether the operator has
deactivated the travel control on the remote control device 70. Upon deactivating the travel
control, the truck stops, e.g., by applying a brake, by coasting or by performing other suitable
stopping operations. The process may also check at 216 to determinc whether a
predetermined time of travel, distance of travel or other like event has passed in response to
movement of the vehicle in response to wireless remote control.

For example, the truck may be configured to travel a maximum distance of continuous
movement in response to a single wireless remote control travel request. As another example,
the truck may be configured to travel a maximum distance of continuous movement in
response to repeated successive wireless remote control travel requests. An exemplary range
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may comprise a travel distance limited to 25-50 feet (approximately 7.6 meters to 15.2
meters). As another example, the truck may be configured to travel for up to a predetermined
maximum continuous travel time.

Other exemplary stopping events may comprise vehicle conditions, €.g., as imposed
by predefined travel limits, receiving a stop or disable command, detecting an obstacle in the
travel path of the truck 10, detecting a person on the truck, detecting a change in the position
of the load carrying device (e.g., pallet, cage), detecting mechanical, electrical, pneumatic,
hydraulic abnormal conditions of the truck, etc. If the predetermined stopping event is met at
216, the truck is stopped or controlled to coast to a rest at 218 and the system resets. If the
operator issues a travel request from the wireless control device 70 before a given task is
complete, the system may wait for the current task to complete before issuing the next
command.

According to various aspects of the present invention, the remote control device 70 is
a wearable wireless remote control device that is donned by the operator who is interacting
with the truck. In general, the wearable wireless remote control device may comprise a
wireless transmitter and a travel control, e.g., a button or switch that is communicably
coupled to the wireless transmitter. As will be described in greater detail below, actuation of
the travel control causes the wireless transmitter to transmit a first type signal, which may
request the truck to advance in a first direction. Depending upon the particular
implementation, the wireless remote control device may further include a power pack such as
a battery for powering the remote control device electronics, a control area where the travel
control is located on the operator, ¢.g., on or about a hand of the operator and a
communications link between the transmitter and the control area where the transmitter is
physically spaced from the control area when worn by the operator.

Referring to Fig. 6, an exemplary garment 250 comprises a glove-like structure
donned by a hand of the operator. The illustrated garment 250 includes a first control arca
252, a docking area 254 that supports a detachable transmitter and power pack and a
communications link implemented as a circuit 256 that interconnects the first control arca 252
to the docking arca. As shown, the control arca 252 includes a first control 258, ¢.g., a button
that is oriented to the side of a finger portion of the garment 250. In an illustrative example,
the button extends from a glove finger through which the index finger of the truck operator
extends when the garment 250 is properly donned. The button orientation provides a main
face of the button juxtaposed with the thumb of the truck operator. As will be described in

greater detail below, this configuration allows the truck operator to reach and actuate the first
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control 258 using their thumb, thus enabling operation of the remote control device 70 using a
single hand gesture. Moreover, as will be described in greater detail below, this hand gesture
may be performed even while performing work operative tasks such as holding or carrying
boxes, scanning devices, tools, etc.

The docking arca 254 includes a plurality of conncction pads 260 that clectrically
couple to the first control arca 252 via the circuit 256. As an cxample, the circuit 256 may
comprise a flexible circuit that is integrated into or otherwise concealed by the material
construction of the garment 250. The circuit 256 further supports one or more antennas 262.
The docking arca 254 is configured to receive a corresponding detachably mountable
communications device 264. For example, the communications device 264 may comprise
pads that couple the contacts 260 in the docking areca when the communications device 264 is
properly docked into the garment 250. The communications device 264 may be snapped,
locked, secured using a hook and loop fastener such as a hook and loop fabric or material sold
under the trademark Velcro® by Velcro Industries, Manchester New Hampshire, USA,
secured using magnetic forces or other suitable technique.

Referring to Figs. 7A and 7B generally, a cover of the communications device 264 has
been removed to illustrate an exemplary arrangement of components on a first surface (shown
in Fig. 7A) and components on a corresponding second surface (shown in Fig. 7B) of a circuit
board of the communications device 264. The communications device 264 comprises a
carrier 270, e.g., a double sided printed circuit board that includes on a first side thereof,
regulator circuitry 272 for regulating the power utilized to operate the communications device
264, display indicators 274 such as Light Emitting Diodes (LEDs) that provide a visual
feedback as to the operation of the communications device 264, input components 276, such
as switches, a processor 278 and a crystal 280 or other suitable processor clocking circuitry (if
necessary by the particular processor). The carrier further supports on a second side thereof, a
battery 282, a communications circuitry 284 such as a transmitter, receiver, transceiver, etc.,
and contacts 286 that communicate with the connection pads of the docking area 254 when
the communications device 264 is docked in a corresponding garment 250.

The display indicators 274 may be utilized to provide a visual feedback to the operator
as to the state of the remote control system. For example, a first one of the indicators may be
used as a fault condition indicator. For example, an LED may illuminate an “X” symbol
centered in a circle (best seen in Fig. 6) to indicate a fault condition such as where the “Go”
button 258 is not connected, where any one of the buttons is shorted or faulty, where the radio

link is down, where there is no receiver ID paired with the transmitter as will be explained in
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greater detail below, etc. Another indicator 274 may be utilized to indicate a low battery as
represented by the icon of a battery, which is best seen in Fig. 6. Other uses of the indicators
may be implemented, and more or less than two indicators may be provided. The remote
control device 70 may further include additional alert elements such as a display screens
sounds or other fcaturcs that provide a visual and/or audible cuc as to the status of the remote
and/or the associated truck 10.

The input components 276 may comprise for example, two buttons. A first one of the
buttons may correspond to a horn button. When the horn button is pressed, a corresponding
message is transmitted to the receiver 102 on the truck 10 to sound the truck horn. A second
one of the buttons may comprise an emergency disconnect button. Pressing this button
causes an emergency disconnect command to be transmitted to the receiver 102 on the truck
10. In response to receiving an emergency disconnect command, the truck 10 may stop and
power down, thus requiring an operator to reinitiate a startup procedure to restart the truck as
described in greater detail herein.

The transmitter in the communications circuitry 284 may transmit information in an
analog or digital form using any suitable proprietary or standardized wireless transmission
formats. For example, transmission may be realized using existing technologies, such as
802.11, 802.16, Bluetooth, short message service (SMS), amplitude shift keying (ASK), on-
off keying (OOK), wireless local area network (WLAN), code division multiple access
(CDMA), amplitude modulation (AM), frequency modulation (FM), universal mobile
telecommunications system (UMTS), cellular phone technology such as global system for
mobile communications (GSM), etc. In practice, the manner in which the transmitter
transmits messages should correspond to a format that is recognizable by the corresponding
receiver on the truck 10. Moreover, the communications circuitry 284 of the remote control
device 70 may also contain its own receiver for bi-directional communication with a
corresponding truck 10.

When the communications device 264 is properly docked on a corresponding garment
250, the remote control device 70 provides a convenient platform for enabling a truck
opcrator to remotely control their vehicle. For example, a user can operate the “Go” button
258, which communicates with the processor 278 of the communications device 264 via the
circuit 256 and corresponding contacts 260 and connection pads 286. The go button causes
the processor 278 to format and transmit a travel request that advances the truck if the travel

request is received by the truck and is determined to be a valid command.
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If the travel request is properly received by the receiver 102 and is determined to be a
valid travel request, the truck 10 may be wirelessly remotely controlled to travel for a
prescribed time and/or distance, and then enter a controlled brake or coast as described in
greater detail herein. The button 258 may alternatively facilitate travel of the truck 10 for as
long as there is maintained actuation of the button 258 (or until an intervening event occurs,
such as the truck 10 rcaching a maximum travel distance, travel time, detecting an
environmental or operational condition that stops the truck, etc. The control area 252 and/or
communications device 264 may also optionally include steer and or directional controls to
provide commands to the truck to adjust the truck’s steer angle as described in greater detail
herein.

Still further, an optional stop button may be provided, ¢.g., within the control area 252
and/or on the communications device 264 to stop the truck, which may be useful where the
coast function is implemented. If the stop command is properly received by the receiver 102,
the truck 10 will be controlled to come to a controlled stop. Alternatively, an optional
additional button may correspond to a coast command, which, if properly received by the
receiver 102 on the truck 10, will cause the truck 10 to coast to a rest.

When any of the buttons on the remote control device 70 are pressed, the processor
278 formats an appropriate message and transmits the resulting signal via the transmitter 284
to the receiver 102. In this regard, the processor 278 may append to the command, a
sequence, control or other identification information, a time stamp, channel indication or
other data necessary for the receiver 102 to discriminate that the particular remote control
device 70 is a valid communications device, to authenticate operators, to log data for
historical or other purposes, ¢tc.

While the remote control device 70 is illustrated as a glove garment that is worn by
the operator around the wrist or arm, other configurations may alternatively be implemented.
For example, the transmitter, power supply and or any of one or more controls such as the
button 258 may be worn separately or together on any part of the body where it is
comfortable, practical or desirable, as the specific application dictates. For example, as
shown, the garment 250 1s worn by a corresponding operator. As such, cach operator may
have their own glove containing the button 258, circuit 256 and antenna(s) 262 built in.
When the operator begins a shift, a communications device 264 may be retrieved from an
appropriate recharging station or other staging area, and is docked into the corresponding

docking area 254.
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By separating the communications device 264 from the garment 250 and
corresponding button 258, a single transmitter may be reused with multiple instances of the
garment 250. As such, operators on different shifts can maintain their own garments 250
including finger or hand worn controls, e.g., the button 258, and merely plug in or dock a
communications device into their garment 250 at the start of their shift. This further allows
identification technologics such as Radio frequency Identification (RFID) tags to be
incorporated with the garment 250, which information can be subsequently transmitted to the
truck 10. As such, the truck 10 can log the operator, productivity and other relevant
information during operation.

Referring to Figs. 8A and 8B, the button 258 of the remote may be casily reached and
operated with the corresponding thumb of the operator, as schematically represented by the
directional arrows. Such action requires a deliberate, yet easily achievable action on the part
of the operator to actuate the button 258. Moreover, operational sequences may be required
to actuate the button 258. For example, a double press in quick succession, i.e., a “double
click” may be required to actuate a control, as will be discussed herein. The remote control
device 70 may be worn in such a way that neither hand of the truck operator is
inconvenienced or otherwise interferes with an operator using both hands for picking items.
Moreover, there is no inconvenience, such as requiring large limb movements, difficult to
reach or otherwise inaccessible controls to move or stop the truck 10, even when the hands of
the operator are currently engaged in a pick operation. As such, the operator can move or
stop the truck 10, even when carrying pick items such as boxes, etc. with both hands, using a
single, simple gesture.

According to an aspect of the present invention, an area 288 around the button 258
may include a raised/contoured collar. To actuate and/or select the button 258, an operator
must press down in the direction of the illustrated arrow within the collar and actuate the
button 258. As yet another optional configuration, the button 258 could require a multi-
dimensional operation before a successful actuation is transmitted. For example, the button
258 may require being depressed, then slid in a lateral direction generally orthogonal to the
dircction of the button press.

The garment 250 may be constructed from any number of materials such as
stretchable fabrics, plastic, synthetics or other materials alone or in combination. Moreover,
the various components of the remote control device 70 may be donned as an armband, as a

belt or shirt clipped device or by other means. Moreover, the communications link
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connecting the control area to the transmitter on the garment may be implemented as a
relatively thin wire that may optionally be tethered on a retractable take-up reel.

The button 258 may be positioned underneath a spring-loaded, flip down member,
which may be manually flipped down to expose the button 258. Further, the button 258 may
optionally be programmed to support multiple commands. For example, the remote control
device 70 may be configured to transmit a “stop” command if a single actuation of the button
258 is detected. Moreover, a “travel” command may be transmitted if a double click or
double actuation of the button 258 is detected within a predetermined time period.
Alternatively, rather than transmitting different types of signals corresponding to each
respective requested command, e.g., stop, travel, etc., the remote control device 70 may
transmit single or multiple successive instances of the same signal based on the number of
“clicks” implemented by the operator, wherein the controller 103 on the truck 10, upon
receiving the signal instance(s), decides what command, if any, to actuate based on the
number of received signal instances and/or current vehicle conditions, e.g., whether the truck
10 is currently moving under wireless remote control or stopped.

For example, a single click of a button on the remote control device 70 by the operator
may cause a single instance of a signal to be transmitted by the remote control device 70 to
the truck 10, and a double click of the button by the operator may cause a double instance of
the signal to be transmitted by the remote control device 70 to the truck 10. The single
instance of the signal may cause the truck 10 to implement a stop function, and the double
instance of the signal may cause the truck 10 to implement a travel function as described
herein, although the instances of the signal may cause the truck 10 to implement other
predefined functions as described herein.

As another example, the controller 103 of the truck 10, upon receiving on¢ or more
instances of a signal, may evaluate vehicle conditions and implement a particular truck
function based on the number of received signal instances and the vehicle conditions. In this
example, a single click of the button by the operator may cause a single instance of a signal to
be transmitted by the remote control device 70 to the truck 10, and a double click of the
button by the operator may causc a double instance of the signal to be transmitted by the
remote control device 70 to the truck 10. A single instance of the signal may cause the truck
10 to implement a stop function if the truck 10 is moving under wireless remote control upon
the truck 10 receiving the signal. A double instance of the signal may also cause the truck 10
to implement a stop function if the truck 10 is moving under wireless remote control upon the
truck 10 receiving the signal. If the truck 10 is stopped upon receiving the signal(s), a double
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instance of the signal may cause the truck 10 to implement a travel function while a single
instance of the signal may not cause the truck 10 to implement travel function, i.c., the truck
10 ignores the signal.

Alternatively, redundant travel controls may be provided on the communications
device 264, which controls may be pressed independently or may be programmed to require
concomitant actuation to move the truck 10. As such, the communications device 264 may
be worn on the arm of the operator, ¢.g., just above the wrist or in any casily accessible
location, such as on a belt, shirt or pants, in which case, the communications device 264 may
be tethered with a suitable wire harness to the button 258. Still further, short range wircless
technology such as Bluetooth may be utilized to enable a communications device 264 to
communicate with, and be donned by the operator away from the garment 250 and
corresponding button 258.

The remote control device 70 may also be worn as a pendant around the neck of the
operator, ¢.g., by looping the remote control device 70 through a suitable lanyard. Under
such an arrangement, the button 258 may comprises a pair of switches implemented as
textured rubber surfaces on opposite sides of the remote control device 70. As such, an
operator must squeeze the remote control device 70 to operate the travel control. By having
two switches, concomitant actuation of both switches may be required. This also allows the
transmitter, power pack and controls to be integrated into a single housing thus minimizing
the interference of the remote control device 70 with the operator, ¢.g., by eliminating wires
and other structures that may be loose or inconvenient for the operator. To operate a stop or
coast control, the operator may, for example, grasp the pendant and pull the remote control
device 70 downward in the direction. The downward force causes the transmitter to transmit
a stop or coast command, depending upon the particular programming. The wearable remote
control device 70 is donned by slipping the lanyard around the neck of the operator.

According to another aspect of the present invention, the remote control device 70
may be donned by clipping the remote control device 70 to a shirt, belt, pants, vest, uniform
or other picce of clothing using a suitable clip. This exemplary configuration provides
another unibody arrangement wherein the transmitter and control arca arec combined into a
common housing. Moreover, the clip allows the operator to clip the remote control device 70
to any convenient piece of clothing or other suitable location on or about the operator. The
clip may also be coupled to a lanyard so as to be worn around the neck of the operator. A

generally round configuration and smooth shape of the remote control device 70 may allow a
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relatively low profile design that wears “well” as the remote can be donned in a manner that
places the remote control device 70 close to the body of the operator.

According to yet another exemplary aspect of the present invention, the remote control
device 70 may implemented as a voice controlled transmitter. The remote control device 70
may mount, for cxamplc, to a torso strap, sash or other suitable device. The remote control
device 70 further compriscs a microphonc. The microphone may be rotated or otherwise
adjusted to provide flexible positioning of the microphone input for the operator. Although
voice activation is provided, a redundant stop or coast button may also be provided. This
arrangement provides flexible placement of the remote control device 70 on the operator.
Moreover, the remote may be operated in a hands free manner. The voice commands are
preferably a simple command set.

When used with the voice control system of the remote control device 70, operator
voice commands such as TRAVEL, FORWARD, COAST, STOP, etc., may be used to cause
the truck 10 to move a preset distance and still maintain the heading set by the steer controller
112 (shown in Fig. 2), e.g., parallel to the storage locations 122 in the aisle 120. The
command words TRAVEL, FORWARD, COAST, STOP, etc., may be used to communicate
with the traction motor controller 106 while the steer controller 112 automatically corrects
itself to maintain a straight orientation or other desired heading. The remote control device
70 may further allow the operator to make minor adjustments to the heading of the truck 10,
e.g., by allowing voice commands such as LEFT or RIGHT to adjust the heading of the truck
10. Herein, translation of the voice commands into control commands for the truck 10 may
be carried out either in the processor of the remote control device 70 or in the controller 103
of the truck 10.

Yet another alternative configuration for the remote comprises a variation on the
finger-thumb activated button 258. Instead of a single button, two buttons are provided. The
first and second buttons each comprise a first switch component and further share a common
second switch component. In particular, the garment includes a first band or finger, ¢.g., for
receiving the index finger of the truck operator, and which supports the first switch
component of the first button and the first switch component of the second button, c.g., as
recesses. When the garment is donned, the first switch components are oriented towards the
side of an operator’s index finger. A first button contact is provided generally along the base
of the recess of the first switch component. Similarly, a second button contact is provided

generally along the base of the recess of the second switch component.
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Correspondingly, the garment includes a band that supports the common second
switch component about the thumb of the operator. The second switch component includes a
common contact generally at the tip of a protrusion that corresponds generally to the recesses
of the first switch components of the first and second buttons. To actuate the first button, the
common contact on the thumb of the operator is brought into intimate electrical connection
with the first button contact, c.g., by dirccting the protrusion of the sccond switch component
into the recess of the first switch component. When electrical contact is made between the
first button contact and common contact member, actuation of the corresponding control is
achieved. Similarly, to actuate the second button the common contact on the thumb of the
operator is brought into intimate electrical connection with the second button contact, ¢.g., by
directing the protrusion of the second switch component into the recess of the first switch
component. When electrical contact is made between the second button contact and common
contact member, actuation of the corresponding control is achieved.

Any of the disclosed configurations for the remote control device 70 may be equipped
with steering compensation controls. For example, the remote control device 70 may include
additional controls within the control area, such as a left steer button and a right steer button
in addition to the travel button and optional stop or coast button. The amount of remotely
controllable steer correction will likely depend upon a number of factors such as environment
of use, typical anticipated correction, etc. However, in one exemplary arrangement, small
steer angle corrections, ¢.g., on the order of 1 degree or less may be implemented for cach
actuation of the left and right steer controls.

Further, the remote control system may be integrated with a steer angle control of the
truck 10. The steer angle control is typically implemented using a potentiometer, encoder or
other suitable input device, and may be positioned at any convenient location on the truck 10.
When used in combination with additional steering controls, the steer angle control sets a
desired heading of the truck 10. As an example, an operator may line up the truck 10 in an
aisle parallel to a row of racks in a warchouse operation. Using angle sensing feedback from
the steer controller 112 (shown in Fig. 2), the heading of the truck 10 may be maintained
parallel to the racks as the truck 10 moves down the aisle. The steer angle control thus
prevents drift of the truck 10 and maintains its course. Under this arrangement, a travel
request from the remote control device 70 causes the truck 10 to travel substantially straight
along a heading defined by the steer controller.

A system that implements the jog control functionality set out herein may implement

additional advanced features to satisfy specific performance requirements. For example, the
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transmitters may be equipped with a “global stop” command that shuts down all trucks 10
within range of the transmitter that are operating under remote control. Thus, all receivers
may be programmed or otherwise configured to recognize a stop command, ¢.g., using a
global or common command sequence. Moreover, the global stop command may be
transmitted by appending an operator 1D so that the identity of the operator who issucs the
global stop command can be identified.

In each of the illustrated exemplary systems, an antenna for the transmitter could be
located in a transmitter box, woven into the garment, e.g., by integrating the antenna into
Velcro, straps, bands, or other components associated with the transmitter, that is donned by
the operator, located in wiring between the transmitter box and controls, etc.

Still further, the transmitter may be directional. For example, a target may be
provided on the truck 10, e.g., as part of the receiver 102 or antenna 66. Thus, the operator
must point the transmitter of the remote control 70 at or towards the target in order to cause
the operation of the control, e.g., a jog command, to be received by the truck 10.
Alternatively, certain commands may be non-directional, whereas other controls are
directional. For example, the global stop (where provided) may not require detection by a
target in order to be effectuated. On the other hand, a control to initiate a jog operation may
be required to be detected by a suitable target. Targeted detection may be accomplished, for
example, using infrared or other suitable technologies.

The numerous exemplary configurations of the remote control described herein are
presented by way of illustration and not by way of limitation of the manner in which a remote
control may be configured. The various described features may be commingled into any
desired configuration. Moreover, additional features may be provided in addition to, or in
lieu of the features set out herein. Still further, the truck, remote control system and/or
components thereof, including the remote control device 70, may comprise any additional
and/or alternative features or implementations, examples of which are disclosed in U.S.
Provisional Patent Application Serial No. 60/825,688, filed September 14, 2006 entitled
“SYSTEMS AND METHODS OF REMOTELY CONTROLLING A MATERIALS
HANDLING VEHICLE;” U.S. Patent Application Scrial No. 11/855,310, filed September 14,
2007 entitled “SYSTEMS AND METHODS OF REMOTELY CONTROLLING A
MATERIALS HANDLING VEHICLE;” U.S. Patent Application Serial No. 11/855,324, filed
September 14, 2007 entitled “SYSTEMS AND METHODS OF REMOTELY
CONTROLLING A MATERIALS HANDLING VEHICLE;” U.S. Provisional Patent
Application Serial No. 61/222,632, filed July 2, 2009, entitled “APPARATUS FOR
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REMOTELY CONTROLLING A MATERIALS HANDLING VEHICLE;” U.S. Patent
Application Serial No. 12/631,007, filed December 4, 2009, entitled “MULTIPLE ZONE
SENSING FOR MATERIALS HANDLING VEHICLES;” U.S. Provisional Patent
Application Serial No. 61/119,952, filed December 4, 2008, entitled “MULTIPLE ZONE
SENSING FOR REMOTELY CONTROLLED MATERIALS HANDLING VEHICLES;”
U.S. Provisional Patent Application Scrial No. 61/234,866, filed August 18, 2009, cntitled
“STEER CORRECTION FOR A REMOTELY OPERATED MATERIALS HANDLING
VEHICLE;” U.S. Patent Application Serial No. 12/649,738, filed December 30, 2009,
entitled “APPARATUS FOR REMOTELY CONTROLLING A MATERIALS HANDLING
VEHICLE;” U.S. Patent Application Serial No. 12/649,815, filed December 30, 2009,
entitled “STEER CORRECTION FOR A REMOTELY OPERATED MATERIALS
HANDLING VEHICLE;” International Patent Application Serial No. PCT/US09/66789, filed
December 4, 2009, entitled “MULTIPLE ZONE SENSING FOR MATERIALS HANDLING
VEHICLES;” International Patent Application Serial No. PCT/US09/69839, filed December
30, 2009, entitled “APPARATUS FOR REMOTELY CONTROLLING A MATERIALS
HANDLING VEHICLE;” International Patent Application Serial No. PCT/US09/69833, filed
December 30, 2009, entitled “STEER CORRECTION FOR A REMOTELY OPERATED
MATERIALS HANDLING VEHICLE;” International Patent Application Serial No.
PCT/US07/78455, filed September 14, 2007, entitled “SYSTEMS AND METHODS OF
REMOTELY CONTROLLING A MATERIALS HANDLING VEHICLE;” and/or U.S.
Patent No. 7,017,689, issued March 28, 2006, entitled “ELECTRICAL STEERING ASSIST
FOR MATERIAL HANDLING VEHICLE;” the entire disclosures of which have each
already been incorporated by reference herein.

Referring to Fig. 9, a method 300 of synchronizing a remote control to a truck is
illustrated. The truck operator retrieves a communications device from a staging area at 302.
The staging area may comprise a common storage location for unused communications
devices, a battery recharging station, etc. The truck operator then connects, loads or
otherwise associates the retrieved communications device with their corresponding remote
control device garment at 304, c.g., by snapping the communications device into the docking
arca of their glove as set out in greater detail herein. 1f the operator has not already done so,
the garment is also donned by the operator.

The truck operator then initiates a power on sequence to enable the truck for
operation, i.c., the operator starts the truck at 306. In starting the truck, the operator may be

required to provide a logon identification code to the truck. This identification may be
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provided for example, by entering a personal identification number (PIN) number into a
control panel of the truck, by utilizing a key fob to provide the logon ID to the truck, or the
operator’s PIN may be encoded into a memory device, such as an RFID chip that is integrated
into the remote control device garment worn by the operator. Under this arrangement, the
communications device attached to the garment can sense the PIN number via the contacts
and pads and transmit the operator’s PIN number to the truck or a device on the truck, ¢.g., an
RFID reader on the truck may sense the operator 1D code, such as by bringing the garment
into proximity of the truck.

The operator then enters a pairing mode with the truck at 308. It is likely that there
may be several trucks and/or transmitters in the same vicinity using wireless remote control
according to various aspects of the present invention. As such, a display on the truck may list
or otherwise indicate the identification codes of all of the transmitters that it senses. The
operator reviews the listed transmitter identification codes and selects the one that
corresponds to the communications device docked in that operator’s remote control device
garment at 310. For example, the communications device may include a sticker, label tag or
other indication that provides the transmitter identification code, e.g., by providing the
transmitter identification code on the face of the communications device.

The system then synchronizes the transmitter of the remote control device worn by the
operator to the receiver on the corresponding truck at 312. For example, the controller 103 on
the truck may prompt the user to press a known key sequence on the remote control device
70, e.g., by concomitantly pressing the horn and emergency disengage buttons. Such an
operation allows the system to perform any desired validation, ¢.g., to determine that the
buttons coupled to the remote control device are in working order. Once synchronized, the
system may provide a visual indication as such, ¢.g., by displaying a message on the truck
that indicates that the synchronization is complete.

Depending upon the information required for a particular application of the various
aspects of the present invention, three distinct operational identifications can be associated,
including the unique operator identification, the unique identification of the communications
device and a unique identification of the truck. This information may be uscful, for example,
to validate commands received by the receiver on the truck, to log data for subsequent
analysis, to log productivity, truck performance, etc.

Referring to Fig. 10, a method 320 is illustrated for a truck operator starting a shift
using the remote control according to various aspects of the present invention. The truck

operator obtains a communications device from a suitable storage area at 322. As with the
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previous example, the communications devices may be stored at a battery charging station,
etc. The truck operator loads the communications device into the garment at 324. The
communications device is then caused to begin transmitting a pairing mode confidence tone at
326. For example, the confidence tone may comprise repeatedly transmitting a message that
includes the transmitter identification. In this regard, the transmitter identification code that is
being transmitted may match a transmitter identification code that is written on the
communications device or which is otherwise known to the truck operator.

The truck operator starts the truck at 328, which may comprise logging into the truck
as set out in greater detail above. The truck operator may then enter a pairing mode at 330 to
synchronize the truck’s receiver to the particular transmitter retrieved by the truck operator.
During the pairing operation, the receiver on the truck collects all confidence tones in its
range at 332 and lists the tones, ¢.g., by transmitter identification code on a suitable display.
In one illustrative example, the display may prioritize the located transmitter identification
codes by signal strength or by any other suitable measure. The truck operator selects the
transmitter identification code that matches the transmitter code associated with the
communications device that was retrieved and loaded into their remote control device
garment at 334. The transmitter identification code selected by the operator is stored in the
truck, ¢.g., in a memory of the controller on the truck.

The controller on the truck may send a message to the communications device docked
in the truck operator’s remote control device garment at 336 that includes a unique truck
receiver identification code and/or other information, which can be stored in the memory of
the communications device donned by the operator. The transmitter and receiver then
synchronize at 338, ¢.g., as described above. For example, the truck operator may be
prompted to press a particular sequence of controls on the remote control device. In response
to detecting the actuation of the requested control(s) and/or control sequence, the
communications device can send a message to the receiver on the truck that identifies the
transmitter identification code, the receiver identification code and a code corresponding to
the requested control(s) and/or control sequence that has been actuated to effect the
synchronization of the receiver on the truck to the remote control device donned by the
operator.

In this regard, the controller in the truck may associate the transmitter identification
code with the operator identification code that was provided to the truck controller by the
operator as a part of the log on operation required to start the truck. The controller may also

associate the identification code associated with the truck/receiver. In this way, the

34



10

15

20

25

30

WO 2012/100150 PCT/US2012/022011

truck/receiver identification code, the remote control identification code and the operator
identification code are uniquely associated. The controller in the truck can use this three way
association to discriminate received commands. Moreover, the remote control device also
stores information about the truck that it is synchronized to and/or other optional information,
c.g., an opcrator identification code, ctc., which may be used in formatting and transmitting
information.

Referring to Fig. 11, after performing work operations, the truck operator may need to
temporarily leave the truck, e.g., to take a break. A method 350 is illustrated for shutting
down, restarting and re-synchronizing the truck receiver and the transmitter of the
communications device donned by the truck operator. The truck operator powers down the
truck at 352, so as to take a lunch break, etc. After a predetermined time, the truck operator
powers the truck back up at 354. During this time of the break, the transmitter in the remote
control device donned by the operator may continue to transmit its synchronized confidence
tone, which identifies the transmitter identification code and the corresponding truck/receiver
identification code. The synchronized confidence tone transmitted by the transmitter in the
communications device worn by the truck operator is detected at 356, as the association of the
transmitter identification code to the receiver/truck identification code was preserved in
memory on the truck.

The truck controller may further require that the truck operator acknowledge the
system at 358, ¢.g., by entering their PIN code or by providing some other authentication
measure to verify that the current operator is the same operator who was using the truck
before the break. The pairing is confirmed and displayed at 360 if the operator identification
code entered as part of the acknowledgement operation authenticates to the operator
identification code that was preserved in the memory of the truck as the operator who was
using the truck before the break.

For example, the controller in the truck may maintain the above-described three way
association of identification codes, i.e., the truck/receiver identification code, the remote
control identification code and the operator identification code even when the truck is
powcred down. As such, if another operator comes along, that operator cannot use the remote
wireless control with the truck, even if that new operator obtains possession of the previous
operator’s transmitter because the new operator does not have the previous operator’s
identification code. Similarly, if a new operator starts the truck and enters a new operator
identification code as part of the truck startup process, then the wireless remote travel requests

issued by the new operator will not be acknowledged by the controller on the truck because
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the three way identification is not preserved, that is, the new operator’s transmitter will not be
synchronized to the receiver on the truck.

Rather, for a new user to successfully use wireless remote control features of the
truck, that new operator must log into the truck using their operator identification code and
utilize a ncw pairing mode synchronization process to synchronize the new opcrator’s
transmitter to the recciver of the truck, such as using the methods described herein.

Referring to Fig. 12, a more detailed method 370 is illustrated for temporarily
powering down the truck, restarting the truck and re-synchronizing the transmitter donned by
the truck operator with the receiver in the truck. The truck operator powers off the truck at
372, ¢.g., to take a break, etc. When the truck is powered down, a timer associated with the
controller on the truck is started at 374. During the interval where the truck is powered down,
the transmitter on the communications device donned by the truck operator continues to
transmit its synchronized confidence tone at 376. For example, since the transmitter has been
previously synchronized with the truck receiver, the confidence tone may comprise a message
that includes both the transmitter identification code as well as the truck/receiver
identification code. The truck is powered back on at 378. Once powered back on, the
receiver on the truck begins to search for the corresponding confidence tone at 380 that
matches the transmitter identification code it has previously stored in memory.

If the synchronized confidence tone is detected within a prescribed time limit at 282,
then the pairing is maintained. If the confidence tone is detected outside the prescribed time
limit, the truck operator may be required to resynchronize, €.g., using a startup procedure as
set out in the examples described with reference to Figs. 9 and 10. If pairing is maintained,
then the transmitter identification code may be detected at 384, e.g., by receiving a
predetermined message from the transmitter of the remote control device, such as a
resynchronization acknowledgement. The truck operator may also be required to
acknowledge the truck system at 386, e.g., by providing an operator identification code at the
truck, and the pairing confirmation is completed at 388, ¢.g., by displaying a confirmation to
the truck operator.

Undcr this arrangement, if another user attempts to take the truck 10, that new user
will have to clear and resynchronize the truck receiver to the new transmitter identification
code of the remote control device donned by the new operator. However, if the new operator
attempts to do so, the truck 10 may optionally refuse to respond to remote commands of the
new operator, e.g., where the truck is further tied to the operator identification code. As such,

a new operator may be required to initiate a complete truck power up sequence as well as a
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wireless remote control pairing sequence, in which case, the operator identification code of
the new operator may be logged by the truck 10.

If the prescribed time period expires, then the pairing information stored in the
memory of the truck may be cleared, ¢.g., by erasing an association between the receiver
identification code and the transmitter identification code. Similarly, when the
communications device is removed from the corresponding docking arca of a garment and is
returned to its storage location, ¢.g., a recharging station, the memory within the
communications device corresponding to the pairing information can be erased. For example,
when the communications device is removed from the garment and is loaded into a recharger
or other docking device, the receiver identification code and/or other information that was
previously stored in memory of the communication device based upon information received
from the truck controller may be erased from the communications device. Moreover, such
information may be downloaded into a corresponding business enterprise. This arrangement
may be beneficial, for example, where the communications devices are shared among a
community of users.

According to further aspects of the present invention, individual communications
devices may be assigned to particular truck operators as an alternative to having a “pool” of
available transmitters. For example, assume that the truck operator powers down the truck.
In response to powering down, a timer starts running. At this time, pairing information is still
stored in memory. After a prescribed time interval, the pairing information is cleared from
the memory in the truck. Assume that the truck operator leaves the communications device
docked to the garment for an extended amount of time. After a certain period of inactivity,
the communications device may enter a sleep mode where another timer starts, ¢.g., for shut
down mode. During this time, the pairing information is stored in memory and the
communications device continues to transmit its confirmation tone. During power down
mode, the pairing information is retained. However, the communications device ceases from
transmitting the confirmation tone. After a third prescribed time delay expires, the receiver
identification code is cleared from the memory of the communications device.

Referring to Fig. 13, one exemplary implementation of the remote control device 70
comprises a transmitter 1302, a power pack 1304, a control structure 1306 and a
communications link 1308 between the transmitter 1302 and the control structure 1306. The
transmitter 1302 may transmit information in an analog or digital form using any suitable
wireless transmission means, including standard or proprictary formats. For example,

transmission may be realized using existing technologies, such as 802.11, 802.16, Bluetooth,
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short message service (SMS), amplitude shift keying (ASK), on-off keying (OOK), wireless
local area network (WLAN), code division multiple access (CDMA), amplitude modulation
(AM), frequency modulation (FM), universal mobile telecommunications system (UMTS),
cellular phone technology such as global system for mobile communications (GSM), etc. In
practice, the manncr in which the transmitter 1302 transmits messages should correspond to a
format that is recognizable by the corresponding receiver 102 (Fig. 2) on the truck 10 (Fig. 1).
Moreover, the remote control device 70 may also contain its own receiver for bi-directional
communication with a corresponding truck 10.

The control structure 1306 contains the controls that instruct the transmitter 1302 to
transmit an appropriate command. In the illustrated example of Fig. 13, there are two
controls, implemented as switches or buttons. A first button 1310 corresponds to a travel
command, which, if actuated, causes the transmitter 1302 to transmit a travel command. If
the travel command is properly received by the receiver 102, the truck 10 will be controlled to
travel forward. Alternatively, the first button 1310 could comprise a “go” button that
instructs the truck 10 to travel for a prescribed time and/or distance, and then enter a
controlled brake or coast. The first button 1310 may alternatively provide travel for as long
as there is maintained actuation of the first button 1310. The control structure 1306 may also
optionally include steer and or directional controls as described in detail herein.

A second button 1312 corresponds to a stop command, which, if actuated, causes the
transmitter 1302 to transmit a stop command. If the stop command is properly received by
the receiver 102, the truck 10 will be controlled to come to a controlled stop. Alternatively,
the second button 1312 may correspond to a coast command, which, if properly received by
the receiver 102 on the truck 10, will cause the truck 10 to coast to a rest.

When cither of the first or second buttons 1310, 1312 is pressed, the transmitter 1302
formats an appropriate message and transmits the resulting signal to the receiver 102. In this
regard, the transmitter 1302 may append to the command, a sequence, control or other
identification information, a time stamp, channel indication or other data necessary for the
receiver 102 to discriminate that the particular remote control device 70 is a valid
communications dcvice, to authenticate operators, to log data for historical or other purposes,
ete.

The first and second buttons 1310, 1312 are integrated into a suitable finger garment
1314 that is illustrated as including a first finger segment band 1316, a second finger segment
band 1318 and a bridge 1320. The first finger segment band 1316 supports the first button

1310 for implementing travel commands. The signal(s) from the first button 1310 travel
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along a first signal carrying wire extending through the bridge 1320 through the second finger
segment band 1318 to the communication link 1308, which may comprise a second signal
carrying wire integral with or coupled to the first signal carrying wire.

While the communications link 1308 is illustrated as a wired connection, any suitable
technology may be used to communicably link the transmitter 1302 to the control structure
1306. Further, Fig. 13 illustratcs that the transmitter 1302 and power pack 1304 arc worn by
the operator around the wrist or arm. However, the transmitter 1302 and power pack 1304
may be worn separately or together on any part of the body where it is comfortable, practical
or desirable, as the specific application dictates. For example, as shown, the transmitter 1302
and power pack 1304 are attached to the operator’s wrist or arm using a flexible and
adjustable band 1321. The arm band 1321 may be readily removable from the transmitter
1302 and power pack 1304 so that personal or new arm bands 1321 could be used by each
operator.

By separating the transmitter 1302 from the control structure 1306 and coupling both
by the communications link 1308, a single transmitter 1302 may be reused with multiple
instances of control structures 1306. As such, for example, operators on different shifts can
maintain their own control structures 1306, e.g., via finger or hand worn controls, and merely
plug them into a corresponding transmitter 1302 at the start of their shift. This further allows
Radio frequency Identification (RFID) tags to be incorporated with the first and second
buttons 1310, 1312, which information can be subsequently transmitted to the truck 10. As
such, the truck 10 can log the operator, productivity and other relevant information during
operation.

The remote control device 70 thus defines a wearable control device that is donned by
the operator interacting with the truck 10. The exemplary remote control device 70 comprises
a flexible band 1321 that is supported on the arm or wrist of the operator, and the finger
garment 1314, which is positioned on the index finger of the operator such that the first and
second buttons 1310, 1312 are oriented towards the thumb of the operator.

The remote control device 70 according to this embodiment minimizes the number
and sizc of items mounted on the finger/hand of the operator, as the control structure 1306
according to this embodiment is the only structure mounted on the finger/hand of the
operator. Hence, interference caused by the remote control device 70 with operator work
functions, such as grasping, carrying, and placing items, is reduced. Further, while the remote
control device 70 according to this embodiment is especially suitable for high temperature

environments, i.¢., since operator sweat caused by components mounted to the finger/hand is
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reduced, the remote control device 70 according to this embodiment is also capable of being
mounted over a glove, such that use of the remote control device 70 can also be particularly
suitable in low temperature environments. Further still, the remote control device 70
according to this embodiment is designed as a “one-size-fits-all” device, i.¢e., it can
accommodatec opcrators having different sized hands, and can be designed to fit right-handed
operators or left-handed operators.

Referring to Figs. 14 and 15, the first and second buttons 1310 and 1312 of the control
structure 1306 of the remote control device 70 may be easily reached and operated with the
corresponding thumb of the operator, as schematically represented by the directional arrow
1322. Such action requires a deliberate, yet easily achievable action on the part of the
operator to actuate either the first or the second button 1310, 1312. Moreover, operational
sequences may be required to actuate the first and/or second buttons 1310, 1312 or for the
truck 10 to actuate a particular command, as described herein. For example, a double press in
quick succession, i.e., a “double click” may be required to transmit a signal or for the truck 10
to actuate a control.

Referring to Fig. 15A, as an optional configuration, either or both of the first and
second buttons 1310 or 1312 could require a multi-dimensional operation before a successful
actuation is transmitted. For example, the buttons 1310, 1312 may require that they are
depressed, then slid in a lateral direction generally orthogonal to the direction of the button
press.

Referring to Fig. 16, the remote control device 70 may be worn in such a way that
neither hand is inconvenienced or otherwise interferes with an operator Op using both hands
for picking items. Moreover, there is no inconvenience, such as requiring large limb
movements, difficult to reach or otherwise inaccessible controls to move or stop the truck 10,
even when the hands of the operator Op are currently engaged in a pick operation. As such,
the operator Op can move or stop the truck 10, even when carrying pick items with both
hands.

Referring to Fig. 17, the control structurc 1306 of a remote control device 70
according to a further embodiment of the present invention may include a raised/contourced
collar 1330 around each of the first and second buttons 1310, 1312 (only the first button 1310
1s illustrated in Fig. 17). To actuate and/or select one of the first or second buttons 1310,
1312, an operator must press down in the direction of arrow 1332.

The finger garment 1314 may be constructed from any number of materials such as

stretchable fabrics, plastic, synthetics or other materials alone or in combination. For
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example, the finger garment 1314 illustrated in Fig. 17 comprises a one-piece flexible band
constructed from a material that allows the first finger segment band 1316, second finger
segment band 1318 and bridge 1320 (only the finger segment band 1316 is illustrated in Fig.
17) to expand while donning to fit various finger sizes. With reference to Fig. 18, as another
alternative embodiment, the first finger segment band 1316 and the second finger segment
band 1318 may comprisc an adjustable, ¢.g., latchablc or hookable, fabric or matcrial such as
hook and loop material sold, for example, under the trademark Velcro®, owned by Velcro
Industries B.V. of the Netherlands.

With reference to Figs. 19A-19D, yet another exemplary remote arrangement is
illustrated. The remote control device 70 includes a single button 1334. The button 1334
may be programmed to support multiple commands. For example, the remote control device
70 may be configured to transmit a “stop” command if a single actuation of the button 1334 is
detected. Moreover, a “travel” command may be transmitted if a double click or double
actuation of the button 1334 is detected within a predetermined time period. Alternatively,
single or multiple instances of the same signal may be transmitted by the remote control
device 70 based on the number of “clicks” implemented by the operator, wherein the wherein
the controller 103 on the truck 10 decides what command, if any, to actuate based on the
number of received signals and/or the current vehicle conditions, as discussed above. The
transmitter 1302 and power pack 1304 may be donned as an armband, as a belt or shirt
clipped device or by other means. Moreover, the communications link 1308 may be
implemented as a relatively thin wire that may optionally be tethered on a retractable take-up
reel 1336 as best seen in Fig. 19D.

With reference to Fig. 20, a control structure 1306 is illustrated comprising two
sections 1338, 1340 that are hinged about a hinge point 1342, wherein a spring member (not
shown) may be used to provide a closing bias for the two sections 1338, 1340.

Referring to Figs. 21A-21B, yet another exemplary remote control device 70 is
illustrated. As shown the control structure 1306 clips onto two adjacent fingers of the
operator. As such, the control structure 1306 is readily adaptable to right or left handed
opcrators with no modifications. For example, the communications link 1308 may be
constructed so that it can be “flipped” to the opposite side of the control structure 1306 by
rotating 180 degrees, thus making the control structure 1306 suitable for left handed
operation. As with previous exemplary remote control devices 70, the controls may be

actuated with a single hand gesture, even when carrying picked items such as boxes, etc.
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As shown, the travel button 1310 is positioned adjacent a spring-biased, flip down
member 1344, which may be manually flipped down to expose the travel button 1310. As
can be seen in Fig. 21B, in the illustrated remote control device 70, the casing 1346 for the
transmitter 1302 further comprises additional controls. Such buttons can be used to trigger
the truck 10 to sound a horn or otherwisc provide an audible and/or visual cue, to immediatcly
stop and/or terminate automatic jog opcration, or perform other desired functions.
Alternatively, such controls may implement redundant travel controls 1348, which may be
pressed independently or may be programmed to require concomitant actuation to move the
truck 10. Further, an addition button 1350 is illustrated, which may be utilized, for example,
as either a stop button or a coast button. As such, the casing 1346 may be worn in an easily
accessible location, such as clipped on a belt, shirt or pants using a clip 1352. Also, the
communications link 1308 may retract into the transmitter 1302 when the control structure
1306 is not being donned by an operator.

Referring to Figs. 22A-22B, yet another exemplary remote control device 70 is
illustrated. As shown, the transmitter 1302 is integrated with the control structure 1306 thus
avoiding the need for the communications link 1308 illustrated in previous examples. As
illustrated, an adjustable strap 1354 is used to support the remote control device 70 about the
palm/wrist area of an operator.

Referring to Figs. 23 and 24, exemplary embodiments are illustrated where the remote
control device 70 is worn so as to be supported on the arm of the operator, ¢.g., just above the
wrist. These remote control devices 70 include alert elements 1356 such as light emitting
diodes (LEDs), lights, display screens, sound generating devices, or other features that
provide visual and/or audible cues as to the status of the remote and/or the associated truck
10, e.g., when the remote control device 70 is in two-way communication with the associated
truck 10. These remote control devices 70 are donned by the operator by slipping an
appropriate support structure 1358 over the arm, wrist and/or hand. The structure comprising
the buttons 1310, 1312 and the alert elements 1356 of the remote control device 70 may
subsequently be attached to the support structure 1358, or the structure comprising the buttons
1310, 1312 and the alert clements 1356 of the remote control devices 70 may have been
previously attached to the support structure 1358. With the remote control device 70 in the
illustrated positions, two handed operation is required to access the travel buttons 1310 and
the stop or coast buttons 1312, which may be preferred in some applications.

Referring to Figs. 25A-25C, yet another exemplary remote 70 is illustrated. As

shown, the controls are finger-thumb activated. The first and second buttons 1310, 1312 each
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comprise a first switch component 1310A, 1312A respectively. Each of the first switch
components 1310A, 1312A are capable of being actuated by a common second switch
component 1313. In particular, the remote control device 70 includes a first band 1321 that is
provided as a finger garment that supports the first switch component 1310A of the first
button 1310 and the first switch component 1312A of the second button 1312 in recesses on
the side of an operator’s index finger. The first switch component comprises a first housing
including a recess and a first button contact 1315 located in the recess. Similarly, the second
switch component comprises a second housing including a recess and a second button contact
1317 located in the recess.

Correspondingly, the garment includes a second band 1323 that supports the common
second switch component 1313 about the thumb of the operator. The second switch
component 1313 includes a common contact 1319 (see Figs. 25A and 25C) generally at the
tip of a protrusion that corresponds generally to the shape of the recesses of the first and
second housings of the first switch components 1310A, 1312A. To actuate the first button
1310, the common contact 1319 on the thumb of the operator is brought into intimate
electrical connection with the first button contact 1315, e.g., by directing the protrusion of the
second switch component 1313 into the recess of the first housing of the first switch
component 1310A. When ¢lectrical contact is made between the first button contact 1315 and
common contact member 1319, actuation of the corresponding control is achieved. Similarly,
to actuate the second button 1312, the common contact 1319 on the thumb of the operator is
brought into intimate electrical connection with the second button contact 1317, e.g., by
directing the protrusion of the second switch component 1313 into the recess of the second
housing of the first switch component 1312A. When electrical contact is made between the
second button contact 1317 and common contact member 1319, actuation of the
corresponding control is achieved. While an intimate electrical connection is disclosed in this
embodiment as being required between the common contact 1319 on the thumb and the first
and second button contacts 1315 and 1317 to actuate the respective controls, the use of
proximity-related structures is also contemplated, wherein the common contact 1319 on the
thumb would only need to be brought into very closc proximity to the first and second button
contacts 1315 and 1317 to actuate the respective controls.

Figs. 26-28 illustrate a remote control device 70 according to yet another aspect of the
invention. The remote control device 70 may be worn so as to be supported on the arm, wrist,

and/or hand of the operator. The remote control device 70 according to this aspect of the

43



10

15

20

25

30

WO 2012/100150 PCT/US2012/022011

invention is donned by the operator by slipping a strap 1452 coupled to a support structure
1454 of the device 70 over the arm or wrist of the operator.

The support structure 1454 houses the removable wireless transmitter/power pack
1402, 1404, as described herein. The support structure 1454 further comprises alert elements
1456, such as light ecmitting diodes (LEDs), lights, display scrcens, sound gencrating devices,
or other features that provide visual and/or audible cucs as to the status of the remote control
device 70 and/or the associated truck 10, e.g., when the remote control device 70 is capable of
two-way communication with the associated truck 10. The support structure 1454 further
comprises connectors 1458 for connection to other functional elements, such as a truck horn
button and/or a brake button, 1.e., similar to the second button 1312 described in the
embodiments above.

The remote control device 70 further comprises a control structure 1406 comprising a
rigid control device 1460 and an elongate, flexible communications link 1408 between the
transmitter/power pack 1402, 1404 housed in the support structure 1454 and the control
structure 1406. The communications link 1408 in the embodiment shown provides a
detachable, wired connection between the support structure 1454 and the control structure
1406 so as to provide electrical communication between the wireless transmitter/power pack
1402, 1404 and the control device 1460. By separating the support structure 1454 from the
control structure 1406 via the communications link 1408, a single transmitter/power pack
1402, 1404 may be reused with multiple instances of control structures 1406. As such, for
example, operators on different shifts can maintain their own control structures 1406, e.g., via
finger worn controls, and merely plug them into a corresponding support structure 1454 at the
start of their shift.

The control device 1460 is adapted to be mounted to the hand of the operator, ¢.g., to
one or more fingers of the operator. The control device 1460, which comprises a single
button 1410 according to this aspect of the invention, communicates with the
transmitter/power pack 1402, 1404 via the communications link 1408. With the remote
control device 70 in the illustrated position, onc handed operation is permitted to access the
button 1410, which button 1410 is actuated to send a first type signal comprising a travel
request signal to the truck, and may also optionally be used to send a second type signal
comprising a stop or coast request to the truck, as described herein.

The button 1410 of the remote 70 may be casily reached and operated with the
corresponding thumb of the operator. Such action requires a deliberate, yet easily achievable

action on the part of the operator to actuate the button 1410. Moreover, operational sequences
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may be required to actuate the button 1410. For example, a double press in quick succession,
i.c., a “double click” may be required to actuate a control, such as a travel request. Moreover,
a “double click” may be required if no vehicle-related activity, e.g., movement of the truck
10, wireless commands requested by the operator, etc., has taken place for a period of time,
c.g., 30 scconds. Further, a “double click” may be required for the first wircless command
requested by an opcrator after the operator steps off the truck 10, ¢.g., as detected by the
presence sensor(s) 58 described above.

The remote control device 70 may be worn in such a way that neither hand of the
truck operator is inconvenienced or otherwise interferes with an operator using both hands for
picking items. Moreover, there is no inconvenience, such as requiring large limb movements,
difficult to reach or otherwise inaccessible controls, to move or stop the truck 10, even when
the hands of the operator are currently engaged in a pick operation. As such, the operator can
move or stop the truck 10, even when carrying pick items such as boxes, etc. with both hands,
using a single, simple gesture.

Any of the disclosed configurations for the remote control device 70 may be equipped
with steering compensation controls and/or may be integrated with a steer angle control of the
truck 10. The steer angle control is typically implemented using a potentiometer, encoder or
other suitable input device, and may be positioned at any convenient location on the truck 10.
When used in combination with additional steering controls, the steer angle control sets a
desired heading for the truck 10. As an example, an operator may line up the truck 10 in an
aisle parallel to a row of racks in a warchouse operation. Using angle sensing feedback, as
described herein, the heading of the truck 10 may be maintained parallel to the racks as the
truck 10 moves down the aisle. The steer angle control thus prevents drift of the truck 10 and
maintains its course. Under this arrangement, a travel command from the remote control
device 70 causes the truck 10 to travel substantially straight along a heading defined by the
steer controller 112.

A system that implements the jog control functionality set out herein may implement
additional advanced features to satisfy spccific performance requirements. For example, the
transmitters may be equipped with a “global stop” command that shuts down all trucks 10
within range of the transmitter that are operating under remote control. Thus, all receivers
may be programmed or otherwise configured to recognize a stop command, ¢.g., using a
global or common command sequence.

In each of the illustrated exemplary systems, an antenna for the transmitter could be

located in a transmitter box, woven into the garment, ¢.g., by integrating the antenna into
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Velcro, straps, bands, or other components associated with the transmitter, that is donned by
the operator, located in wiring between the transmitter box and controls, etc.

Still further, the transmitter may be directional. For example, a target may be
provided on the truck 10, e.g., as part of the receiver 102 (Fig. 2) or antenna 66 (Fig. 1).

Thus, the operator must point the transmitter of the remote control 70 at or towards the target
in order to causc the operation of the control, ¢.g., a jog command, to be received by the truck
10. Alternatively, certain commands may be non-directional, whereas other controls are
directional. For example, the global stop (where provided) may not require detection by a
target in order to be effectuated. On the other hand, a control to initiate a jog operation may
be required to be detected by a suitable target. Targeted detection may be accomplished, for
example, using infrared or other suitable technologies.

Referring to Figs. 29 and 30, a materials handling vehicle 2010 according to another
aspect of the invention includes a load handling assembly 2012, an operator’s compartment
2013, and a power unit 2014. The load handling assembly 2012 includes a pair of forks 2016,
each fork 2016 having a load supporting wheel assembly 2018. The load handling assembly
2012 may include other load handling features in addition to or in lieu of the illustrated
arrangement of the forks 2016, such as a load backrest, scissors-type elevating forks,
outriggers and separate height adjustable forks, a mast, a load platform, collection cage or
other support structure carried by the forks 2016 or otherwise provided for handling a load
supported and carried by the vehicle 2010.

As shown in Figs. 29 and 30, the vehicle 2010 includes a first obstacle detector 2050
and a pair of second obstacle detectors 2052A and 2052B mounted to the power unit 2014.
The second obstacle detectors 2052A and 2052B are spaced apart from each other along a
horizontal axis Ha of the vehicle defining a horizontal direction, see Fig. 30. The first
obstacle detector 2050 is spaced apart from the second obstacle detectors 2052A and 2052B
along a longitudinal axis V4 of the vehicle 2010 defining a vertical direction, i.e., the second
obstacle detectors 2052A and 2052B are located below, i.c., closer to the ground, than the
first obstacle detector 2050, see Fig. 29.

The first obstacle detector 2050 according to this aspect of the invention may
comprise a sweeping laser sensor capable of detecting objects, for example, in first, second,
and third zones 7.1, 7, 73, which first, second, and third zones Z,;, Z,, Z3 may comprisc planar
zones, see Figs. 29 and 30. The second zone 7, may comprise a “stop zone”, and the first and
third zones 7, and Z3; may comprise left and right “steer bumper zones”, such as the stop zone

and the left and right steer bumper zones described in U.S. Patent Application Serial No.
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12/649,8135, filed December 30, 2009, entitled “STEER CORRECTION FOR A REMOTELY
OPERATED MATERIALS HANDLING VEHICLE, the entire disclosure of which is already
incorporated by reference herein. It is noted that the first obstacle detector 2050 may be
capable of detecting objects in additional or fewer zones than the three zones Z;, Z,, Zs
illustrated.

The second obstacle detectors 2052A and 2052B according to this aspect of the
invention may comprise point laser sensors that are capable of detecting objects between one
or more of the zones 7, Z,, Z3 and the vehicle 2010, i.¢., underneath one or more of the zones
74, 75, 73, as illustrated in Fig. 29, and are preferably capable of at least detecting objects
underneath the second zone Z,. The second obstacle detectors 2052A and 2052B are thus
capable of detecting objects located in a non-detect zone DZ of the first obstacle detector
2050, see Fig. 29, i.¢., which non-detect zone DZ is defined as an area below the zones Z,, Z,,
Z; and thus not sensed by the first obstacle detector 2050. Hence, the first obstacle detector
2050 functions to detect objects located along a path of travel of the power unit 2014 beyond
the non-detect zone DZ, while the second obstacle detectors 2052A and 2052B function to
sense objects along the path of travel of the power unit 2014 in the non-detect zone DZ,
which is located just in front of the vehicle 2010, as shown in Fig. 29.

The terminology used herein is for the purpose of describing particular embodiments
only and is not intended to be limiting of the invention. As used herein, the singular forms
"a", "an" and "the" are intended to include the plural forms as well, unless the context clearly
indicates otherwise. It will be further understood that the terms "comprises" and/or
"comprising,” when used in this specification, specify the presence of stated features,
integers, steps, operations, elements, and/or components, but do not preclude the presence or
addition of one or more other features, integers, steps, operations, elements, components,
and/or groups thereof.

The description of the present invention has been presented for purposes of illustration
and description, but is not intended to be exhaustive or limiting to the invention in the form
disclosed. Many modifications and variations will be apparent to those of ordinary skill in the
art without departing from the scope and spirit of the invention. The embodiments were
chosen and described in order to best explain the principles of the invention and the practical
application, and to enable others of ordinary skill in the art to understand the invention for
various embodiments with various modifications as are suited to the particular use

contemplated.
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Having thus described the invention of the present application in detail and by
reference to preferred embodiments thereof, it will be apparent that modifications and
variations are possible without departing from the scope of the invention defined in the

appended claims.
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CLAIMS

1. A materials handling vehicle comprising:

a power unit;

a load handling assembly;

at least one first obstacle detector comprising a sweeping laser sensor mounted
at a first location on said power unit to detect an object located in a scan zone along a
path of travel of said power unit beyond a non-detect zone of said first detector wherein
the scan zone of the at least one first obstacle detector extends from the at least one first
obstacle detector at an angle down toward a floor surface in front of said power unit;

at least one second obstacle detector mounted at a second location on said power
unit below said first detector in a vertical direction and capable of detecting an object in
said non-detect zone underneath said scan zone of said first obstacle detector;

a controller that is responsive to remote travel requests and determines whether
to implement each remote travel request based on the evaluation of at least one vehicle
condition; and

at least one presence sensor configured to detect the presence of a person on the
materials handling vehicle, wherein said at least one vehicle condition evaluated by said
controller comprises a status of at least one of said presence sensor(s) and said
controller is configured to decide to not implement said remote travel request if said
status from said presence sensor(s) is indicative of the presence of a person on the
materials handling vehicle.

2. The materials handling vehicle of claim 1, wherein said sweeping laser sensor is
capable of detecting an object in any of first, second, and third zones, the first and third
zones comprising steer bumper zones used for implementing steer correction

manoeuvers and the second zone comprising a stop zone used for stopping the vehicle.

3. The materials handling vehicle of claim 1 or claim 2, wherein said at least one
second obstacle detector comprises first and second point laser sensors spaced from one

another in a horizontal direction.

4. The materials handling vehicle of any one of claims 1 to 3, wherein said non-
detect zone is located just in front of the vehicle and underneath said scan zone of said
first obstacle detector.

5. The materials handling vehicle according to any one of claims 1 to 4, wherein
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said remote travel requests are requested by an operator using a corresponding remote

control device.

6. A remote control device capable of wirelessly transmitting a travel request
signal to a materials handling vehicle as claimed in any one of claims 1 toS5, the remote
control device comprising:

a support structure adapted to be mounted on a wrist or arm of an operator;

a wireless transmitter associated with said support structure; and

control structure in communication with said wireless transmitter, said control
structure adapted to be actuated by the operator so as to cause said wireless transmitter

to generate a first type signal to the materials handling vehicle.

7. The remote control device of claim 6, wherein said control structure comprises a

rigid mounting structure adapted to be mounted over at least one finger of the operator.

8. The remote control device of claim 6 or claim 7, wherein said support structure

comprises a mounting strap adapted to be secured to the wrist or arm of the operator.

9. The remote control device of any one of claims 6 to 8, wherein said wireless

transmitter is releasably coupled to said control structure.

10.  The remote control device of claim 9, further comprising a wire extending
between said wireless transmitter and said control structure, said flexible wire providing

electrical communication between said control structure and said wireless transmitter.

11.  The remote control device of any one of claims 6 to 10, wherein said wireless

transmitter is in wireless communication with said control structure.

12.  The remote control device of any one of claims 6 to 11, wherein said first type

signal comprises a travel request signal.

13.  The remote control device of claim 12, wherein said control structure is adapted
to be actuated by the operator so as to cause said wireless transmitter to generate a
second type signal comprising a stop signal in response to receipt of said second type
signal so as to stop the materials handling vehicle if the vehicle is moving under

wireless remote control.
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14. The remote control device of claim 13, wherein said control structure must be
double clicked by the operator to cause said wireless transmitter to generate said first
type signal and said control structure must be single clicked by the operator to cause

said wireless transmitter to generate said second type signal.

15. The remote control device of claim 12, wherein said control structure must be
double clicked by the operator to cause said wireless transmitter to generate said first

type signal.

16.  The remote control device of claim 12, wherein multiple instances of said first
type signal are required for the materials handling vehicle to implement the travel

request signal.

17. The remote control device of claim 12, wherein, if no vehicle-related activity
has taken place for a predetermined amount of time, said control structure must be
double clicked by the operator to cause the materials handling vehicle to implement the

travel request signal.

18. The remote control device of claim 12, wherein, for the first wireless command
requested after the operator has stepped off the materials vehicle, said control structure
must be double clicked by the operator to cause the materials handling vehicle to

implement the travel request signal.

19. The remote control device of claim 6, wherein:

a single actuation of said control structure by the operator causes a single
instance of said first type signal to be transmitted by said wireless transmitter to the
materials handling vehicle;

a double actuation of said control structure by the operator causes a double
instance of said first type signal to be transmitted by said wireless transmitter to the
materials handling vehicle;

the materials handling vehicle implements a stop function if a single instance of
said first type signal is received; and

the materials handling vehicle implements a travel function if a double instance

of said first type signal is received.

20. The remote control device of claim 6, wherein:
a single actuation of said control structure by the operator causes a single
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instance of said first type signal to be transmitted by said wireless transmitter to the
materials handling vehicle;

a double actuation of said control structure by the operator causes a double
instance of said first type signal to be transmitted by said wireless transmitter to the
materials handling vehicle;

the materials handling vehicle implements a stop function if a single instance of
said first type signal is received and the materials handling vehicle is moving under
wireless remote control;

the materials handling vehicle implements a stop function if a double instance of
said first type signal is received and the materials handling vehicle is moving under
wireless remote control;

the materials handling vehicle implements a travel function if a double instance
of said first type signal is received and the materials handling vehicle is stopped; and

the materials handling vehicle does not implement a travel function if a single
instance of said first type signal is received and the materials handling vehicle is

stopped.

21.  The remote control device of any one of claims 6 to 20, further comprising a

power pack for powering the remote control device.
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