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(57) Abrégé/Abstract:

Wireless snow plow control methods and systems may include at least three units in mutual wireless communicative connection: a
plow control module (PCM), a vehicle control module (VCM), and a remote controller. Each unit may be capable of operating with
any one of a plurality of units of another type, with any one of multiple types of vehicles, and with any one of multiple types of snow
plows. Three specific units of different types may automatically synchronize for operating a particular snow plow in response to
commands from the remote. The VCM may be capable of automatically detecting a connection status of a snow plow,
enabling/disabling snow plow lights and vehicle lights based on the connection status, controlling enabled vehicle lights, and
wirelessly controlling enabled snow plow lights. The remote may wirelessly transmit commands either directly to the PCM, or to the

VCM for forwarding to the PCM.
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ABSTRACT

Wireless snow plow control methods and systems may include at least three units in
mutual wireless communicative connection: a plow control module (PCM), a vehicle
control module (VCM), and a remote controller. Each unit may be capable of operating
with any one of a plurality of units of another type, with any one of multiple types of
vehicles, and with any one of multiple types of snow plows. Three specific units of
different types may automatically synchronize for operating a particular snow plow in
response to commands from the remote. The VCM may be capable of automatically
detecting a connection status of a snow plow, enabling/disabling snow plow lights and
vehicle lights based on the connection status, controlling enabled vehicle lights, and
wirelessly controlling enabled snow plow lights. The remote may wirelessly transmit

commands either directly to the PCM, or to the VCM for forwarding to the PCM.



WIRELESS SNOW PLOW CONTROL

[0001]

BACKGROUND OF THE DISCLOSURE
Field of the Disclosure

[0002] This disclosure relates generally to wireless control of a snow plow that is mounted
on a vehicle, and more particularly, to wireless control of one or more lights mounted on the

snow plow, and reliable and robust wireless control of the snow plow.

Background Description

[0003] Conventional wireless snow plow operation control systems include a plow
controller mounted on a plow and a user remote controller in wireless communication with
the plow controller. When wireless communication channels between the plow controller
and the user remote are unsuitable or unusable, the plow controller and the user remote

controller of such systems are unable to communicate to control operations of the snow plow.

[0004]) Conventional snow plow lighting control systems include user-activated controls
for controlling vehicle lights, a vehicle wiring harness connecting the user-activated controls
to the vehicle’s electrical system and lights, and a plug or other coupler(s) to connect the
vehicle wiring harness to a snowplow’s wiring harness, The wiring harnesses and
plug/couplers carry signals to power and control the snowplow’s headlights, turn signals,
daytime running lamps, and/or other lights mounted on the snow plow, if equipped. Such
plugs or other couplers between the vehicle and snowplow wiring harnesses, when exposed to

harsh elements routinely encountered by snow plows (e.g., snow, water, road salt, dirt, debris
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and sub-freezing temperatures), are susceptible to short circuits or to partial or complete

disengagement, undesirably interrupting continuous snow plow controllability.

[0005] Conventional snow plow lighting control systems also require a switch to indicate
whether or not snow plow lights are to be enabled or vehicle lights are to be enabled. For
example, U.S. Patent Publication No. 2008/0073090 teaches wireless remote control
operation of the headlights and blinkers of a working implement, such as a snow plow that
can be attached to a vehicle. In U.S. Patent Publication No. 2008/0073090, turn lighting
signals and park lighting signals on the plow and on the vehicle are simultaneously and
redundantly enabled for operation. Vehicle-mounted headlights, though, may be disabled
when plow-mounted headlights are enabled based on a switch that is manipulated by an
operator, as taught in this patent publication. For example, the operator or user must
manipulate the switch to indicate whether plow-mounted lights should be operational and
vehicle lights should be disabled, or whether vehicle-mounted lights should be operational
and plow lights should be disabled. Furthermore, U.S. Patent Publication No. 2008/0073090
teaches that if an operator switch is omitted from the system, both the plow headlights and
the vehicle headlights remain simultaneously enabled, in a manner similar to the turn and

parking lights.

[0006] In another system taught in U.S. Patent No. 7,400,058, a vehicle controller (rather
than a user or operator) may cause the substitution of plow light operation for vehicle light
operation. In this system, however, the vehicle controller receives power only when a snow
plow is connected to the vehicle, and is not operational to provide any functionality at all

when a snow plow is disconnected.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWING
[0007] FIG. 1 is a functional block diagram of an embodiment of a wireless control system
for a snow plow that is mountable on, or mounted on, a vehicle;

[0008] FIG. 2A is an example functional block diagram of the plow control module of
FIG. 1;

[0009] FIGS. 2B to 2K each illustrates a portion of a detailed electrical schematic of an

embodiment of the plow control module;
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[0010] FIG. 3A is an example functional block diagram of the vehicle control module of
FIG. 1;

[0011] FIGS. 3B to 3J each illustrates a portion of a detailed electrical schematic of an

embodiment of a vehicle control module;

[0012] FIG. 4A is a top view of an example embodiment of the hand-held controller of
FIG. 1;

[0013] FIG. 4B is a right side plan view of the hand-held controller of FIG. 4A;
[0014] FIG. 4C is a left side plan view of the hand-held controller of FIG. 4A;
[0015] FIG. 4D is a bottom view of the hand-held controller of FIG. 4A;
[0016] FIG. 4E is a front view of the hand-held controller of FIG. 4A;

[0017] FIG. 4F is a rear view of the hand-held controller of FIG. 4A;

[0018] FIG. 4G is an exploded view of the hand-held controiler of FIG. 4A;

[0019] FIGS. 5A and 5B include a chart describing an embodiment of interactions,
relationships and actions of various units and components of the wireless snow plow control

system of FIG. I;

[0020] FIG. 6A illustrates an example flow chart of actions that may be taken by the

wireless snow plow system of FIG. 1 to control a straight-blade snow plow; and

[0021] FIG. 6B illustrates an example flow chart of actions that may be taken by the

wireless snow plow system of FIG. 1 to control a V-blade snow plow.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0022]  Although the following text sets forth a detailed description of numerous different
embodiments, it should be understood that the legal scope of the description is defined by the
words of the claims set forth at the end of this patent and equivalents. The dctailed
description is to be construed as exemplary only and does not describe every possible
embodiment since describing every possible embodiment would be impractical. Numerous
alternative embodiments could be implemented, using either current technology or
technology developed after the filing date of the application for this patent, which would still

fall within the scope of the claims.
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[0023] FIG. | is a functional block diagram of an embodiment of a wireless control system
10 for a snow plow that is mountable on a vehicle, or is mounted on a vehicle. The wireless
control system 10 may include a plow control module 12 (also interchangeably referred to
herein as a “PCM” or a “plow controller”) mounted on a snow plow, a vehicle control
module 15 (also interchangeably referred to herein as a “VCM” or a “vehicle controller”)
mounted on the vehicle, and a hand-held controller 18 (also interchangeably referred to
herein as a “remote control,” “remote,” “remote controller,” “hand-held remote,” or
“operator controller”). The hand-held controller 18 is for operator use and may typically be
disposed within a cab or within an operator’s reach while he or she is operating the vehicle.
Each unit 12, 15, 18 of the wireless control system 10 may include a respective processor
20a, 20b, 20c (also referred to herein as a “central processing unit” or “CPU”) and a
respective non-transitory, tangible memory 22a, 22b, 22c storing instructions that are
executable by the processor 20a, 20b, 20c. Each unit 12, 15, 18 may further include a
respective antenna 25a, 25b, 25¢ and a corresponding transceiver or transmitter/receiver pair
28a, 28b, 28c in connection with the antenna 25a, 25b, 25¢ to send and receive wireless
communications, messages, packets or signals to the other units. The transceiver or
transmitter/receiver pair 28a, 28b, 28¢ may be in communicative connection with the
processor 20a, 20b, 20c to generate communications signals and to receive and process
communications signals. Each unit 12, 15, 18 may be connected to an internal or external

pPOwEr source,

[0024] With respect to the plow control module 12, in an embodiment, the PCM 12 may be
in wired connection with the vehicle via a ground cable 30 and a power cable 32 through
which power is received at the PCM 12. For example, the power cable 32 may supply power
to the PCM 12 from the vehicle’s battery. The ground cable 30 and the power cable 32 may
be the only wired connections between the PCM 12 and the vehicle, in an embodiment. In
another embodiment, no wired connections between the PCM 12 and the vehicle are
necessary and the ground cable 30 and the power cable 32 may be omitted, such as when the
PCM 12 is self-powered by a battery or by some other suitable power storage entity disposed

at or on the snow plow (not shown).

[0025] In an embodiment where the PCM 12 is connected to a ground cable 30 and a
power cable 32, the antenna 25a of the plow control module 12 may be routed at least
partially inside a wiring loom that surrounds a wiring harness of the PCM connected to the

ground cable 30 and the power cable 32 (not shown). For example, the antenna 25a of the
-4-
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PCM 12 may be externally disposed to a wiring bundle inside the wiring loom to improve the
quality of wireless communications. In this example, however, even when the antenna 25a is
externally disposed to the wiring bundle, the antenna 25a may still remain disposed within

the wiring loom itself to provide protection against the elements (e.g., water, mud, salt, snow,

rain, etc.).

[0026] The plow control module 12 may be in wireless communicative connection with the
hand-held controller 18. In an embodiment, the plow control module 12 may receive, from
the hand-held controller 18 via the antenna 25a, wireless communications, packets, messages
or signals that correspond to one or more commands relating to one or more desired
operations of the snow plow. In an embodiment, at least a portion of the one or more
commands may be received at the hand-held controller 18 via a user interface. In some
situations, the one or more commands may be automatically generated by the wireless control
system 10 or by other control systems, such as a safety stop in an emergency situation. In an
embodiment, the PCM 12 may acknowledge at least some of the wireless communications
received from the hand-held controller 18. Typically, the processing of the received wireless
communications and the generation of wireless communications (such as acknowledgements)

may be performed by the processor 20a of the PCM 12.

[0027] To effect the desired operations of the snow plow indicated by wireless _
communications received from the hand-held controller 18, the plow control module 12 may
be in connection with a hydraulic system of the snow plow to operate the snow plow. In
particular, the PCM 12 may be connected to one or more hydraulic valves 35a-f (e.g., viaa
valve manifold or other suitable connection mechanism) to activate and/or deactivate (e.g.,
actuate and/or deactuate) any one or any combination of the valves 35a-35f to control various
operations of elements of the snow plow. While FIG. 1 illustrates an example configuration
having six valves 35a-35f, any suitable number of valves may be in connection with the plow

control module 12.

[0028] Activation or actuation of hydraulic valves may be performed by using any known
technique such as by energizing or de-energizing solenoids or other transducers, or by some
other suitable technique. In an embodiment, hydraulic valves 35a-35f may be solenoid
valves which include a solenoid attached to a hydraulic valve. While the techniques herein

are described with respect to a hydraulic system on a snow plow, in some embodiments, the
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PCM 12 may be in connection with some other suitable system other than a hydraulic system

via which snow plow operations may be performed.

[0029] Bascd on the commands received from the hand-heid controlier 18, the processor
20a of the PCM 12 may cause any one or any combination of the valves 35a-35g to be
activated or deactivated to control various operations of elements of the snow plow. For
example, the PCM 12 may activate and/or deactivate the appropriate valve or valves to
perform blade operations (e.g., angle, raise, lower, or vee), hitch or connection operations
(e.g., attach, detach) and/or pump operations (e.g., start, stop). For example, activating or
actuating a first hydraulic valve may cause a right wing of a V-blade snow plow to extend,
de-activating or de-actuating a second hydraulic valve may cause the plow blade to Jower,
and actuating a pump start solenoid valve may cause a hydraulic pump to be activated. In an
embodiment, the PCM 12 may be in connection with a down pressure solenoid, and the PCM
12 may be capable of activating down pressure of the snow plow via the down pressure

solenoid.

[0030] Additionally, the plow control module 12 may be in communicative connection
with one or more plow lights mounted on the snow plow, such as a plow headlight, a plow
turn signal, a plow reverse light, or a plow daytime running lamp. In an embodiment, the
plow control module may be electrically connected (e.g., via wired, wireless or both wired
and wireless connections) with at least one of a plow headlight, a plow turn signal, or a plow
daytime running lamp. The plow control module 12 may provide signals to the one or more
plow lights for operation (e.g., on, off, blinking, high or low beam, tilt, move). User control
of the one or more plow lights via the plow control module 12 is discussed in a later section

of this application.

[0031] An example functional block diagram of a plow control module 12 is shown in
FIG. 2A, and an example detailed electrical schematic of a plow control module 12 is shown
in FIGS. 2B through 2K.

[0032] Tuming to the vehicle control module 15 of FIG. 1, the vehicle control module 15
typically, but not necessarily, may be installed in the engine compartment of the vehicle. In
some embodiments, the VCM 15 may be installed at or in a location on the vehicle other than
the engine compartment. A vehicle harness 40 may connect the VCM 15, one or more lights
42 mounted on the vehicle (e.g., one or more of a vehicle headlight, a vehicle turn signal, a

vehicle reverse light, or a vehicle daytime running lamp), and one or more user controls 45
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within the cab or interior of the vehicle that are provided by the vehicle manufacturer to
activate the one or more vehicle lights 42 (e.g., user controls attached to the steering column,
toggle switches, touch screen, dials, switches and/or other user activated controls). The
vehicle harness 40 may redirect signals generated by the user controls 45 (such as when
activated, deactivated or otherwise manipulated by a user) to the VCM 15. The VCM 15 may
decide, based on snow plow connection status or based on the availability of the PCM 12,
whether to send the signals to the one or more vehicle lights 42 (e.g., via the vehicle harness
40 or directly), or whether to send the signals to the PCM 12. Typically, but not necessarily,
when a PCM 12 is available, the PCM 12 is available to control a connected snow plow. In
an embodiment, the PCM 12 may determine whether a snow plow is connected based on
whether or not the PCM 12 was able to sense an electrical connection to one or more plow
lights and/or plow turn signals, or the PCM 12 may determine whether a snow plow is

connected based on some other suitable determination mechanism.

[0033] When the VCM 15 decides that the signals corresponding to vehicle light control
(e.g., the signals corresponding to user inputs or commands received via the user controls 45)
are to be sent to the PCM 12 instead of to the vehicle lights 42, the VCM 15 may transmit
corresponding wireless communication signals indicating the light control commands (e.g.,
on, off, blinking, high or low beam, tilt, move) to the PCM 12. For example, the processor
20b of the VCM 15 may generate the corresponding wireless communication signals and may
cause the signals to be transmitted to the PCM 12 via the transceiver 28b and the antenna
25b. The PCM 12 may operate one or more plow lights based on the information or
commands received in the wireless communication signals from the VCM 15. In some
embodiments, the VCM 15 may wait for an acknowledgement to the transmitted signals from
the PCM 12.

[0034] Conversely, when the VCM 15 decides that the signals corresponding to vehicle
light control are to be sent to the vehicle lights 42 instead of to the PCM 12, the VCM 15 may

transmit corresponding communication signals to the vehicle lights 42,

[0035] In an embodiment, the VCM 15 may detect the availability of the PCM 12 and may
base the decision of where to direct the light control signals on the availability of the PCM
12. The VCM 15 may detect the availability of the PCM 12 based on the reception of a
wireless communication or message from the PCM 12, in an embodiment. For example, a

PCM 12 may send a message indicating that it is available, on-line, or “alive” by sending a
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message sent to the VCM 15, such as a heart beat message or other suitable message. The
message sent from the PCM 12 to the VCM 15 may include a status, in an embodiment. If
the VCM 15 does not receive a heart beat message from the PCM 12 in a given time interval,
the VCM 15 may determine that the PCM 12 is unavailable. In some embodiments, after the
VCM 15 has determined the availability of the PCM 12, the VCM 15 may store an indication

of the snow plow connection status, such as in memory 22b.

[0036] Based on the availability of the PCM 12, the VCM 15 may engage or disengage one
or more vehicle lights 42, In an embodiment, if the VCM 15 determines that the PCM 12 is
available, the VCM 15 may disengage one or more vehicle lights 42 and may cause any user
commands corresponding to the operations of the disengaged lights to be sent to the PCM 12
and not to the one or more vehicle lights 42. For example, if the VCM 15 determines that the
PCM 12 is available and the VCM 15 receives a command corresponding to an indication at a
user control 43 to activate the high beams, the VCM 15 may forgo sending the “activate high
beams” command to the vehicle headlights 42, and instead may cause a message indicating
“activate high beams” to be wirelessly transmitted to the PCM 12. Upon reception of the
“activate high beams” message at the PCM 12, the PCM processor 20a may cause the high

beams of the snow plow headlights to be activated.

[0037] Conversely, if the VCM 15 detects that the PCM 12 is unavailable, the VCM 15
may engage (or re-engage, as the situation warrants) the one or more vehicle lights 42, and
may cause any user commands corresponding to the operations of the one or more vehicle
lights 42 to be sent to the one or more vehicle lights 42 and not to the PCM 12. Thus, when
the PCM 12 is unavailable, the one or more vehicle lights 42 may operate as provided by the
vehicle manufacturer, and the one or more corresponding snow plow lights may be

disengaged.

[0038] In this manner, the VCM 15 may automatically determine a connection status of the
snow plow or availability of the PCM 12, and based on the determination, the VCM 15 may
automatically cause either the plow lights or the vehicle lights 42 to be operational. For
example, the VCM 15 may automatically determine that the PCM 12 is available and may
disengage the vehicle lights 42 so that the vehicle lights 42 are not operational and the plow
lights are operational. The VCM 15 may automatically determine that the PCM 12 is
unavailable and may engage or re-engage the vehicle lights 42 so that the vehicle lights 42

are operational and the plow lights are not operational.
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[0039] In some embodiments, the VCM 15 may not disengage all of the vehicle lights 42,
but may only disengage some of the vehicle lights 42 based on the connection status of the
plow. For example, the VCM 15 may disengage the headlights of the vehicle when a snow
plow is connected, but may maintain the operation of vehicle running lights and turn signals
in concert with the operation of plow running lights and turn signals. In an embodiment,
when all of the front vehicle lights are disengaged by the VCM 15, the rear vehicle lights
(e.g., tail lights, rear turn signals, third or supplemental brake light), as well as any side

mirror-mounted lights such as supplemental turn signals, may remain active.

[0040] In some embodiments, the plow lights and the vehicle lights 42 may not have one-
to-one correspondences. For example, a plow may not have running lights while the vehicle
may have running lights. In these embodiments, the vehicle lights for which there are no
corresponding plow lights may maintain operation independent of plow connection status,
while vehicle lights for which there are corresponding plow lights may be moved by the

VCM 15 into and out of operational states based on the plow connection status.

[0041] In an embodiment, the vehicle control module 15 may be compatible with multiple
vehicle lighting systems of multiple vehicle manufacturers. For some vehicle manufacturers,
though, the vehicle lighting systems may generate an error code when the VCM 15
disengages the vehicle lights 42, In these scenarios, the VCM 15 may adjust the vehicle
lighting signals so that a misleading error indication is not displayed to the operator on the

vehicle dash board or console.

[0042] For example, for some vehicle manufacturers, the disengagement of the vehicle
headlights may normally cause an error code to be generated that indicates the presence of a
burned out high-beam light bulb. When the VCM 15 disengages the vehicle high beams for
snow plow lighting purposes, though, the normally generated error code may be misleading
or erroneous if displayed to the operator. In this example, to prevent the misieading message
from being displayed on the vehicle dash or console, the VCM 15 may direct the driver side
high beam signal through a normally closed relay and a resistor pack back to the vehicle
ground. A similar redirection may be performed by the VCM 15 for the passenger side. As
such, the resistors may simulate the load of the high beam vehicle bulbs, thus preventing the
manufacturer-provided control module for the vehicle lighting system from setting a fault
code and from shutting the vehicle high beam signals off. Moreover, in the event of an actual

vehicle high-beam light bulb failure, the relays may simulate a burnt out bulb. In particular,
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the VCM 15 may open the corresponding relay if a high beam driver or passenger bulb of the
vehicle lighting burns out, thus triggering the “lamp out™ warning light on the vehicle dash

board. A similar procedure may be used for the low beam light bulb circuit.

[0043] Of course, the use of the above described resistive technique is not limited to only
high and low beam light bulb burn-outs. When one or more vehicle lights are disengaged by
the VCM 135, the appearance of any type of misrepresentative error codes on the vehicle dash

or console may be thwarted by applying similar resistive circuit techniques, as desired.

[0044] In an embodiment, the vehicle control module 15 is connected to the vehicle battery
and receives its power therefrom. In an embodiment, the vehicle control module 15 may
control whether or not power is delivered from the vehicle battery to the plow control module
12 via the power cable 32 based on a state of the vehicle’s ignition switch. For example, if
the position of a vehicle’s ignition switch corresponds to a state in which power is provided
to the vehicle electrical systems, the VCM 1S may allow the PCM 12 to also receive power.
For safety reasons, though, the PCM 12 may not be allowed to move the snow plow unless
the vehicle ignition switch is in a fully-on position. Additionally or alternatively, the vehicle
control module 15 may control whether or not power is delivered from the vehicle battery to

the plow control module 12 via the power cable 32 based on a voltage of the vehicle battery.

[0045] The automatic snow plow connection detection technigues and resulting operations
of snow plow lights and vehicle lights described herein eliminates the need for the user
activated switch of conventional systems. Using the techniques described herein, a user
activated switch to control and coordinate plow light operation and vehicle light operation is
no longer necessary, as the techniques described herein automatically determine a plow
connection status or availability of a plow control module, and, based on the determined
connection status, automatically adjust plow lights or vehicle lights to be operable. An
example functional block diagram of a vehicle control module 15 is shown in FIG. 3A, and
an example detailed electrical schematic of a vehicle control module 15 is shown in FIGS. 3B
through 3J.

[0046] Tuming now to the hand-held controlier 18 of FIG. 1, the hand-held controller 18
may typically (but not necessarily) be disposed within a cab or interior of the vehicle. The
hand-held controller 18 may include thereon one or more user controls 50 that correspond to
various desired operations of the snow plow. The one or more user controls 50 may be of

any configuration or format, such as a joystick, toggle, push-button, dial, lever, touch screen,
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voice-activated control, and/or any other suitable user control. At least some of the one or
more user controls S0 may correspond to desired snow plow blade operations, such as raise,
lower, angle right, angle left, attach, detach, tilt, scoop, vee, or straight. Upon user activation
of the one or more user controls 50, the processor 20c of the hand-held controller 18 may
cause corresponding wireless communications to be sent via the transceiver 28¢ and the
antenna 25c¢ to the plow control module 12 to control operations of the snow plow. In some
embodiments, the hand-held controller 18 may wait for an acknowledgement from the PCM

12 to the transmitted commands.

[0047] One example embodiment 52 of the hand-held controller 18 is shown in FIGS. 4A-
4G. FIG. 4A is a top view of the example embodiment 52 of the hand-held controlier of FIG.
1, FIG. 4B is a right side plan view of the hand-held controller 52, and FIG. 4C is a left side
plan view of the hand-held controller 52. FIG. 4D is a bottom view of the hand-held
controller 52, FIG. 4E is a front view of the hand-held controller 52, and FIG. 4F is a rear

view of the hand-held controller 52.

[0048] The example hand-held controller 52 includes, among other features, a trigger
arrangement 55a, 35b to control plow lift and lower functions. The triggers 55a, 55b may be
disposed on the hand-held controller 52 so as to be easily operable by an operators’ fingers,
e.g., on the underside of the remote or some other suitable location. Although the trigger
arrangement shown in FIGS. 4A-4F includes two separate triggers 55a, 55b, any number of
triggers (e.g., one trigger, three triggers, or any suitable number of triggers) may be used in
accordance with the principles and techniques of disclosure

[0049] The example hand-held controller 52 of FIGS. 4A-4F also includes a joystick 58 to
control other plow movements. In an embodiment, the joystick 58 may be disposed on the
hand-held controller 52 so as to be easily operable by an operator’s thumb, e.g., on the

topside of the remote or some other suitable location.

[0050] The example hand-held controller 52 of FIGS. 4A-4F further includes two buttons
59a and 59b disposed proximate to the joystick 58. In an embodiment, the button 59a may
power on and power off the hand-held controller 52, and the button 59b may control
downward pressure to the snow plow blade. Of course, the buttons 59a and 59b need not be
disposed as shown in FIGS. 4A-4F, but may be disposed in any suitable location on the hand-
held controller 52.

Sl -
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[0051] FIG. 4G includes an exploded view of the hand-held controller 52 of FIGS. 4A-4F.
The hand-held controller 52 may include a bezel (such as bezel 60a or bezel 60b) that may be
permanently or removably attached to the hand-held controller 52. Each particular bezel 60a,
60b may correspond to a particular plow type. For example, the bezel 60a may correspond to
a straight blade snow plow, and the bezel 60b may correspond to a V-blade snow plow. A
bezel 60a or 60b that is attached to the remote 52 may limit the movement of the joystick 58
to match the operational abilities of the corresponding snow plow. For example, the bezel
60b corresponding to a V-blade plow may allow the joystick 58 to move in the 12:00
direction, which may, in an embodiment, correspond to a command to move the blades of a
V-blade plow to a scoop orientation. On the other hand, the bezel 60a corresponding to a
straight-blade plow may not allow the joystick 58 to move in the 12:00 direction as the single
blade of a straight-blade plow cannot be oriented in a scoop fashion. Of course, the hand-
held controller 52 is not limited to operating with only two different types of bezels 60a, 60b
corresponding to only two different snow plow types. Any number of bezels corresponding

to any number of snow plow types may be used in conjunction with the hand-held controller
52.

[0052] In an embodiment, the hand-held controller 18 may be self-powered by a battery or
some other power source contained within the hand-held controller 18. In an embodiment,
the hand-held controller 18 may be powered by an external source such as a 12 volt power

source or some other power source resident on the vehicle.

{00531 With regard to the wireless communications between the PCM 12, the VCM 15 and
the hand-held controller 18, each of the units (i.e., the PCM 12, the VCM 15 and the hand-
held controller 18} may communicate wirelessly with any of the other units. Any known and
suitable wireless communication protocol and/or spectrum may be used for wireless
communications between the three units, for example, Infrared (IR), Radio Frequency (RF),
microwave, Bluetooth®, Wi-Fi, a private wireless communication protocol, and/or a private
wireless communications spectrum. In an example embodiment, the wireless
communications between the three units 12, 15 and 18 may be transmitted and received in a
frequency range of 902-928 MHz using the A1101R09A FCC &IC certified radio module by
Anaren® that incorporates the Texas Instruments CC1101 transceiver chip. In another
example embodiment, the wireless communications between the three units 12, 15 and 18

may be transmitted and received in a frequency range of 865-868 MHz using the
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A1101R08A ETSI (European Telecommunications Standards Institute) compliant radio

module by Anaren® that incorporates the Texas Instruments CC1101 transceiver chip.

[0054) Each unit 12, 15 and 18 is capable of operating in conjunction with multiple
different instances of the other units at different times. For example, a particular PCM A may
be capable of operating in conjunction with each of VCM A, VCM B, or VCM C at different
points in time. Similarly, VCM A may be capable of operating in conjunction with each of
PCM A, PCM B, or PCM C at different points in time. Still similarly, hand-held controller A
may be capable of operating in conjunction with each of VCM A, VCM B, or VCM C at
different points in time, and may be capable of operating with each of PCM A, PCM B, or
PCM C at different points in time. To enable control of a snow plow with a particular
wireless snow plow control system including a particular PCM 12, a particular VCM 15 and a
particular hand-held controller 18, the particular units of the wireless snow plow control
system may be synchronized to work exclusively with each other. Typically, the
synchronization procedure may be performed at a factory, prior to releasing the units 12, 15,
and 18 of the wireless snow plow control system 10 to a dealer or to an end-user. The
following sections describe an embodiment of a synchronization procedure between a

specific PCM 12, a specific VCM 15 and a specific hand-held controller 18.

[0055] Each of the units 12, 15 and 18 may be identified by a unique identifier, such as a
hex-code identifier, a serial number, or other suitable unique identifier. The unique identifier
may provide an indication of a type of the unit, i.e., whether the unit is a PCM, a VCM or a

hand-held controller 18.

[0056] Each of the specific units 12, 15, 18 of the wireless snow plow control system 10
may be capable of entering a synchronization mode during which synchronization with the
other units may take place. When a unit is in the synchronization mode, typically any normal
snow plow control (whether operational, lighting or both) may be disabled or prevented. In
an embodiment, each unit 12, 15 and 18 may have a user control thereon to allow an operator
or a user to direct the unit to enter the synchronization mode. For example, as shown in FIG.
1, the PCM 12, the VCM 15 and the hand-held controller 18 may each include a respective

synchronization user control 65a, 65b and 65c.

[0057] Additionally, each unit 12, 15 and 18 may have a respective indication thereon
(e.g., one or more status lights or light emitting diodes (LEDs), an alpha-numeric screen, or

other suitable user interface) to indicate a respective mode of the respective unit to an
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operator. As shown in the example embodiment of FIG. 1, the PCM 12, the VCM 15 and the
hand-held controller 18 may each include a respective status indicator 68a, 68b and 68c. The
status indicator 68a, 68b, 68c may indicate that the unit is in a synchronization mode, an
operational mode, an initialization mode, an error mode, or some other mode. Although the
user interfaces of the units 12, 15 and 18 (e.g., 65a-635c¢, 68a-68c, 50) are illustrated in FIG. 1
as being separate user interfaces, any number of user interfaces may be combined into a
single entity. For example, at the hand-held controller 18, a single touch screen user interface
may incorporate the plow operation controls 50, the synchronization control 65¢ and the

status indicator 68c.

[0058] To synchronize the three specific units 12, 15 and 18, an operator, user or robot
may activate each unit’s synchronization user control 65a-65¢ to cause the respective unit to
enter a synchronization state. The synchronization state may be reflected on the status
indicator 68a-68c. For example, if the status indicator 68a-68c is an LED, the LED may
change color or may blink to indicate that the unit is in the synchronization state. While any
of the three units 12, 15, 18 is in the synchronization state, operation of the snow plow may
be disabled or prevented. Typically, but not necessarily, synchronization of the three specific
units is performed at the factory prior to delivering the control system 10 to a dealer or end-

uscr.

[0059] When a specific unit enters or is in the synchronization state, the specific unit may
automatically attempt to synchronize with the other units. In an embodiment, the unit may
automatically broadcast a message including the unit’s unique identification. The unique
identification may indicate not only the identification of the specific unit, but may also
indicate the type (i.e., PCM, VCM or hand-held controller) of the specific unit. When a
specific unit enters or is in the synchronization state, the unit may also automatically listen
for a broadcasted message from the other two types of units. For example, when a PCM 12
enters the synchronization state, it may broadcast a message including the PCM’s unique
identification and type, and/or the PCM 12 may listen for a broadcasted identification
message from a VCM 15 and for a broadcasted identification message from a hand-held
controller 18. Upon reception of a broadcasted message from one of the other two types of
units, the identification and type of unit provided in the broadcasted message may be stored at
the receiving unit. The receiving unit may acknowledge the reception of the broadcasted
message to the transmitting unit. For example, when the PCM 12 receives a message

broadcasted from a VCM 185, the PCM 12 may store the unique identification of the VCM 15
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in the memory 22a of the PCM 12, and may acknowledge the receipt of the broadcasted
message to the VCM 15.

[0060] When all three types of units 12, 15 and 18 have sensed each other (e.g., when each
unit has completed a broadcast/acknowledge sequence with each of the other two types of
units), each unit may have stored unique identifications corresponding to the other two types
of units within its local memory. The unique identifications of the three units may be used t©
address and process wireless communications, packets or messages that are sent and received
between the three units. As such, after synchronization, a private wireless communication
network between the three units 12, 15 and 18 may have been effectively established. At this
point, each of the three units 12, 15 and 18 may enter an operational state to control the
operations of the snow plow. The operational state may be reflected on the status indicator
68a-68c¢, in an embodiment. For example, if the status indicator 68a-68¢ is an LED, the LED
may change to another color or may change its blinking rate to indicate that the unit is in the

operational state.

[0061] In an embodiment, each of the three units may automatically enter the operational
state only upon successful synchronization with the other two units. In another embodiment,
each of the three units may enter the operational state only after the operator, user, or robot
has activated the corresponding synchronization user control 65a-635c¢ to cause the respective
unit to enter the operational state. When the three units 12, 15 and 18 are all mutually
synchronized and are all in the operational state, the hand-held controller 18 may be
prevented from controlling other snow plows (i.e., snow plows mounted on other nearby

vehicles or trucks) accidentally.

[0062] As a safety measure, the snow plow may not operate when any of the three units is
not in the operational state, and/or when three-way synchronization is not present. The
wireless snow plow control system may monitor the presence of the three-way
synchronization during steady-state operation by using various communication protocols
between its units. A first wireless communication protocol may be employed between the
VCM 15 and the PCM 12. In an embodiment, the VCM 15 may transmit a periodic “heart
beat” message to the PCM 12 and the PCM 12 may acknowledge the VCM 15 indicating the
reception of the heart beat message, and/or the PCM 12 may transmit a periodic “heart beat”
message to the VCM 15 and the VCM 15 may acknowledge the PCM 12. The heart beat

message and acknowledgement may be of any suitable format. In an embodiment, the heart
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beat message may pertain to status information. For example, the heart beat message
transmitted by the VCM 15 may be a request for plow light status, and the PCM 12 may
respond with an acknowledgement including the plow light status. If an acknowledgement
from the PCM 12 is not received at the VCM 15 within a specific time interval, the VCM 15
may infer that the three-way synchronization has been lost and/or that the snow plow is no
longer connected. The VCM 15 may then take corresponding action (e.g., re-engage vehicle

lights, inform the operator via a user interface, or some other suitable action).

{0063] In some scenarios, an acknowledgement including the plow light status may be
successfully received at the VCM 15, but the contents of the plow light status may indicate a
fault or error has occurred. For example, the plow light status may indicate that a particular
bulb is burned out. The VCM 15 may forward this information to the hand-held controller
18, and the hand-held controller may indicate the fault or error to the operator, e.g., via a user

interface at the hand-held controller 18.

[0064] Another wireless communication protocol may be employed between the hand-held
controller 18 and the PCM 12 to aid in the monitoring of the presence of the three-way
synchronization. In an embodiment, the hand-held controller 18 may transmit a periodic
“heart beat” message to the PCM 12, and/or the PCM 12 may transmit a periodic “heart beat”
message to the hand-held controller 18. In a manner similar to the VCM 15/PCM 12 heart
beat, the PCM 12 may acknowledge the hand-held controller 18 indicating the reception of
the heart beat message. The heart beat message and acknowledgement may be of any
suitable format and may contain status information. In an embodiment, the heart beat
message transmitted by the hand-held controller 18 may be a request for plow light status,

and the PCM 12 may respond with an acknowledgement including the plow light status.

[0065] If an acknowledgement from the PCM 12 is not received at the hand-held controller
18 within a specific time interval, the hand-held controller 18 may send the heart beat
message to the VCM 15 for retransmission or forwarding to the PCM 12, in an embodiment.
The VCM 15 may forward any acknowledgement it receives from the PCM 12 back to the
hand-held controller 18. In this manner, the wireless snow plow control system 10 may
include a redundant or back-up communication channel between the hand-held controller 18
and the PCM 12 to provide robustness and redundancy. For example, if wireless
communications between the plow control module 12 and the hand-held controller 18 are

temporarily disrupted due to interference or some other factor, rather than shutting down the
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entire system 10, communications may simply be transmitted between the PCM 12 and the
remote controller 18 via the vehicle control module 15. Indeed, as the VCM 15 may typically
be in closer proximity to the plow control module 12 than is the hand-held controller 18, the
two-phase wireless communication channel between the VCM 15 and the PCM 12 and
between the VCM 15 and the hand-held controller 18 may be less prone to interference and
other degrading factors as compared to the single wireless communication channel between
the hand-held controller 18 and the PCM 12. In some embodiments, the antenna 25b of the
VCM 15 may be at least partially routed into the cab or interior of the vehicle to improve the
quality of the wireless communication channel between the VCM 15 and the hand-held

controller 18.

[0066] In an embodiment of the wireless snow plow control system 10, the status
indicators 68a-68c may be LEDs which are capable of displaying different colors and are
capable of blinking at different rates to indicate various statuses of the three units 12, 15 and
18. A chart describing an embodiment of interactions and relationships between the
manipulations of the synchronization controls 65a-65¢ of each unit 12, 15, and 18,
corresponding indications at the LEDs 68a-68c, and corresponding actions of each unit 12,

15, 18 is provided in FIGS. 5A and 5B.

[0067] In the wireless snow plow control system 10, in an embodiment, the vehicle control
module 15 may be capable “out-of-the-box™ of operating with any snow plow type, e.g.,
straight-blade, V-blade, V-blade with wings, etc. That is, no configuration or other
customization of the VCM 15 is necessary in order for the VCM 15 to operate different types
of snow plows. Indeed, in a typical embodiment, the VCM 15 may be ignorant of snow plow
type and may not make any software decisions or take any specific actions at all based on

snow plow type.

[0068] The hand-held controller 18 of the wireless snow plow control system 10 may be
essentially ignorant of snow plow type, in an embodiment. For example, software or
instructions stored on the memory 22c¢ of the hand-held controller 18 may be ignorant of
snow plow type and may not make any decisions based on snow plow type. Any
customization of hand-held controller 18 behavior based on snow plow type, though, may be
mechanically effected by the specific bezel 60a, 60b which is externally and physically
attached to the hand-held controller I8 in a manner such as previously described above. In

embodiments where a particular bezel 60a, 60b is fixedly attached to the hand-held controller
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18 “out-of-the box” from the factory, the hand-held controller 18 may be physically
configured for the snow plow type or types corresponding to the particular bezel, and the out-
of-the-box configuration may remain static. In embodiments where an “out-of-the-box”
bezel may be removed and replaced with another bezel (e.g., by a dealer or by an end user),
the type of bezel attached to the hand-held controller 18 may dictate the suite of control
commands that particularly corresponds to the respective snow plow type or types. Thus, the
configuration of the hand-held controller 18 may be changed via mechanical means to

support various snow plow types.

[0069] The plow control module 12 of the wireless snow plow control system 10 may be
capable of operating any type of snow plow. That is, the PCM 12 may include sufficient
physical ports to connect with various valve configurations of various snow plow types (e.g.,
see FIG. 2A). Furthermore, computer-executable instructions stored on the memory 22a of
the PCM 12 may include instructions to operate the various snow plow types. In an
embodiment, the PCM 12 may be configured “out-of-the-box™ for operating a default snow
plow type. In particular, a default value of a snow plow type indicator stored in the memory
22a of the PCM 12 may be set to the default type (c.g., a straight-blade snow plow). To
effect operations of the snow plow, the processor 20a may execute a subset of the instructions

stored on the memory 22a based on the value of the snow plow type indicator.

[0070] To change the PCM 12 to support operations of a type of snow plow other than the
default (e.g., a V-blade, V-blade with wings, or other type), an operator or user may activate
or manipulate the synchronization control 65a on the PCM 12 to indicate the desired type of
plow, in an embodiment. For example, if the synchronization control 65a is a touch screen,
the operator or user may indicate the desired plow type by selecting one of several displayed
options. In another example, the synchronization control 65a may be used in conjunction
with the status display 68a to allow the user to indicate a desired plow type. For instance, if
the synchronization control 65a is a button and the status display 68a is an LED, a length of
time that the button is held down may indicate to the PCM 12 that the user desires to select a
plow type. The PCM 12 may change the LED color and/or blink rate to indicate to the user
that the PCM 12 is ready to receive the user selection. The user may then indicate his or her
selection of snow plow type by entering a corresponding number and/or duration of pulses of
the button, in an embodiment. A changed LED color and/or blink rate may indicate that the

PCM 12 has received the desired snow plow type selection. In yet another example, the
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synchronization control 65a may be a toggle switch to indicate changing between two

different types of snow plows.

[0071] Upon reception of the indication of the desired snow plow type selection, the PCM
12 may update the snow plow type indicator stored in its local memory 22a from the default
type to the desired type. Subsequently, to properly operate the desired snow plow type, the
processor 20a may execute a different subset of instructions stored on the memory 22a based

on the updated value of the snow plow type indicator.

[0072] FIG. 6A illustrates an example flow chart of actions that may be taken by the
wireless snow plow system 10 to control a straight-blade snow plow when various user
controls are activated or not activated (e.g., time-out) at the hand-held controller 18. The
flows shown in FIG. 6A may apply to a hand-held controller 18, a PCM 12 and a VCM 15
that are synchronized for operation and are “out-of-the-box” capable of supporting a straight-

blade snow plow.

(0073] FIG. 6B illustrates an example flow chart of actions that may be taken by the
wireless snow plow system 10 to control a V-blade snow plow when various user controls are
activated or not activated (e.g., time-out) at the hand-held controller 18. The flows shown in
FIG. 6B may apply to a hand-held controller 18, a PCM 12 and a VCM 15 that are
synchronized for operation after the PCM 12 has been configured to support a V-blade plow.

[0074] The techniques, systems and methods discussed herein provide numerous benefits
over conventional techniques and systems. For example, the large wiring harness and plug
between the vehicle and the plow may be eliminated, as the wiring between the vehicle and
the plow may be reduced to only a power cable 32 and a ground cable 30. Additionally,
control of the snow plow lights may be automatically controlled by the system 10. For
example, the wireless snow plow control system 10 may automatically sense a connection of
a snow plow and may automatically disengage one or more vehicle lights and automatically
engage one or more snow plow lights accordingly. Thus, the need for a wired connection and
for a user switch to indicate whether snow plow lights or vehicle lights are to be engaged is
eliminated. Furthermore, the techniques of the present disclosure may allow for more robust
and reliable wireless control of the snow plow, as the three-unit system may provide an
alternate wireless communication path in the event that the direct communication path

between the hand-held controller and the plow control module is unsuitable or unusable.
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[0075] Embodiments of the techniques described in the present disclosure may include any

number of the foliowing aspects, either alone or combination:

1. A system for wireless control of a snow plow that is mountable on a vehicle,
comprising: |
a plow control module mounted on the snow plow; and
a vehicle control module mounted on the vehicle that wirelessly communicates with
the plow control module and is capable of:
detecting a connection of the snow plow;
disengaging, from operation, one or more vehicle lights mounted on
the vehicle based on the detection of the connection of the snow plow; and
controlling one or more plow lights mounted on the snow plow based
on one or more signals corresponding to vehicle light control of the one or

more vehicle lights.

2. The system of aspect 1, wherein the one or more plow lights include at least one
of a plow headlight, a plow turn signal, a plow reverse light, or a plow daytime running lamp;
and wherein the one or more vehicle lights include at least one of a vehicle headlight, a

vehicle turn signal, a vehicle reverse light, or a vehicle daytime running lamp.

3. The system of aspect 1, wherein the one or more plow lights inciude a plow
headlight and a plow turn signal, and wherein the one or more vehicle lights a vehicle

headlight and a vehicle turn signal.

4. The system of aspect 1, wherein the detection of the connection of the snow
plow to the vehicle is based on a wireless signal originated by the plow control module and

received at the vehicle control module.

5. The system of aspect 1, wherein the vehicle control module is further capable of:
detecting a disconnection of the snow plow; and
re-engaging the one or more vehicle lights into operation based on the detection of the

disconnection of the snow plow.

-20-



CA 02823858 2013-08-16

6. The system of aspect 1, wherein the one or more signals corresponding to vehicle
light control of the one or more vehicle lights correspond to user manipulation of one or more

operator controls for controlling the one or more vehicle lights.

7. The system of aspect |, further comprising a harness interconnecting the vehicle

control module and the one or more vehicle lights.

8. The system of aspect 7, wherein the hamess is configured to redirect, to the
vehicle control module instead of to the one or more vehicle lights, the one or more signals

corresponding to vehicle light control of the one or more vehicle lights.

9. The system of aspect 1, wherein:

the vehicle control module is configured to cause wireless communications
corresponding to the one or more signals corresponding to vehicle light control of the one or
more vehicle lights to be delivered to the plow control module when the snow plow is
connected, and

the vehicle control module is configured to cause communications corresponding to
the one or more signals corresponding to vehicle light control of one or more vehicle lights to

be delivered to the one or more vehicle lights when the snow plow 1s disconnected.

10. The system of aspect 1, wherein the vehicle control module is further capable of
wirelessly communicating with the plow control module to control operations of the snow

plow.

11. The system of aspect 10, further comprising a hand-held controller, and
wherein the vehicle control module is capable of wirelessly communicating with the plow
control module to control operations of the snow plow based on commands received from the

hand-held controller.

12. The system of aspect 11, wherein at least a portion of the commands received

from the hand-held controller are based on user input received at the hand-held controller.
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13. A system for wireless control of a snow plow that is mountable on a vehicle,
comprising:
a plow control module mounted on the snow plow and configured to wirelessly
receive signals to control operations of the snow plow;
the vehicle control module mounted on the vehicle and in wireless connection with
the plow control module and with a hand-held controller; and
the hand-held controller in wireless connection with the plow control module and with
the vehicle control module, the hand-held controller having user activated controls thereon to
cause the signals to control operations of the snow plow to be generated, and the hand-held
controller configured to:
cause a particular signal to control a particular operation of the snow
plow to be wirelessly transmitted to the plow control module, and
cause the particular signal to be wirelessly transmitted to the vehicle
control module for retransmission to the plow control module when an
indication that the particular signal was not received by the plow control

module is determined.

14.  The system of aspect 13, wherein each unit of the plow control module, the

vehicle control module and the hand-held controller is synchronized with the other units.

15.  The system of aspect 14, wherein the each unit of the plow control module, the
vehicle control module and the hand-held controller is synchronized with the other units by
transmission and reception of respective broadcast messages, each respective broadcast

message including an indication of an identification of a respective transmitting unit.

16.  The system of aspect 15, wherein the each unit of the plow control module, the
vehicle control module and the hand-held controller stores the identification of each of the

other units received in the respective broadcast messages.

17.  The system of aspect 14, wherein the each unit of the plow control module, the
vehicle control module and the hand-held controller is automatically synchronized with the

other units.
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18.  The system of aspect 17, wherein the each unit of the plow control module, the
vehicle control module and the hand-held controller is configured to attempt to automatically

synchronize with the other units when the each unit is in a synchronization state.

19. The system of aspect 18, wherein the operations of the snow plow are
prevented from occurring when at least of the plow control module, the vehicle control

module, and the hand-held controller is in the synchronization state.

20.  The system of aspect 13, wherein the vehicle control module is in wireless
communication module with the plow control module further to control operations of one or

more plow lights mounted on the snow plow.

21.  The system of aspect 20, wherein the vehicle control module is further
configured to cause wireless signals to be transmitted to the plow control module to control
the operations of the one or more plow lights, the wireless signals based on signals

corresponding to vehicle light control of one or more vehicle lights mounted on the vehicle.

22.  The system of aspect 21, wherein the signals corresponding to vehicle light
control of the one or more vehicle lights correspond to user input received by one or more

operator controls corresponding to the one or more vehicle lights.

23.  The system of aspect 21, wherein the one or more plow lights include at least
one of: a plow headlight, a plow turn signal, or a plow daytime running lamp; and wherein
the one or more vehicle lights include at least one of: a vehicle headlight, a vehicle turn

signal, or a vehicle daytime running lamp.

24.  The system of aspect 13, wherein the plow control module includes a toggle to

switch between controlling two different types of snow plows.

25.  The system of aspect 13, wherein the hand-held controller includes a bezel
mounted thereon corresponding to a type of snow plow, the bezel modifying an accessibility

of the user activated controls corresponding to the type of snow plow.



CA 02823858 2013-08-16

26.  The system of aspect 13, wherein the plow control module includes an antenna
to wirelessly receive the signals to control operations of the snow plow, the antenna being

routed within a wiring loom surrounding a harness of the plow control module.

27.  The system of aspect 13, wherein the indication that the particular signal was
not received by the plow control module is a lack of reception of an acknowledgement by the

plow control module to the particular signal.

28. A method of controlling a snow plow that is mountable on a vehicle,
comprising:

synchronizing, using wireless communications, each unit of a group of units of a
wireless snow plow control system with the other units of the wireless snow plow control
system, the group of units including a plow control module mounted on the snow plow, a
vehicle control module mounted on the vehicle, and a hand-held controller;

controlling the snow plow by wirelessly transmitting messages between the

synchronized units, the messages based on user inputs received at the hand-held controller.

29. The method of aspect 28,
further comprising causing the each unit to enter a synchronization state, and
wherein:

synchronizing the each unit with the other units comprises
synchronizing the each unit with the other units when the each unit is in the
synchronization state; and

controlling the snow plow comprises controlling the snow plow after

all units of the group of units have exited the synchronization state.
30. The method of aspect 29, wherein causing the each unit to enter the

synchronization state includes receiving a user indication at the each unit to enter the

synchronization state.
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31.  The method of aspect 29, wherein synchronizing the each unit with the other
units comprises:

receiving, at the each unit, a broadcast message including an indication of an
identification of at least one of the other units;

acknowledging, by the each unit to the at least one of the other units, the broadcast
message; and

storing, at the each unit, the indication of the identification of the at least one of the

other units.

32.  The method of aspect 31, wherein controlling the snow plow comprises

controlling the snow plow only after indications of identifications of both of the other units

are stored at the each unit.

33. The method of aspect 28, wherein synchronizing the each unit with the other
units comprises:

broadcasting, by the each unit, a message including an indication of an identification
of the each unit;

receiving an acknowledgement to the broadcast message, the acknowledgement
including an indication of an identification of at least one of the other units; and

storing, at the each unit, the indication of the identification of the at least one of the

other units.

34.  The method of aspect 33, wherein controlling the snow plow comprises

controlling the snow plow only after indications of identifications of both of the other units

are stored at the each unit.

35. A method of wirelessly controlling one or more lights mounted on a snow
plow that is mountable on a vehicle substantially as herein before described with reference to

and/or as shown in the accompanying drawings.

36. A method of wirelessly controlling a snow plow that is mountable on a vehicle
substantially as herein before described with reference to and/or as shown in the

accompanying drawings.
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37. A system for wirelessly synchronizing a system for wireless control of a snow
plow that is mountable on a vehicle as herein before described with reference to and/or as

shown in the accompanying drawings.

[0076] It should also be understood that, unless a term is expressly defined in this patent
using the sentence “As used herein, theterm ¢’ is hereby defined to mean...” or a
similar sentence, there is no intent to limit the meaning of that term, either expressly or by
implication, beyond its plain or ordinary meaning, and such term should not be interpreted to
be limited in scope based on any statement made in any section of this patent (other than the
language of the claims). To the extent that any term recited in the claims at the end of this
patent is referred to in this patent in a manner consistent with a single meaning, that is done
for sake of clarity only so as to not confuse the reader, and it is not intended that such claim

term by limited, by implication or otherwise, to that single meaning.

[0077] Although the foregoing text sets forth a detailed description of numerous different
embodiments, it should be understood that the scope of the patent is defined by the words of
the claims set forth at the end of this patent. The detailed description is to be construed as
exemplary only and does not describe every possible embodiment because describing every
possible embodiment would be impractical, if not impossible. Numerous alternative
embodiments could be implemented, using either current technology or technology
developed after the filing date of this patent, which would still fall within the scope of the

claims.

[0078] Thus, many modifications and variations may be made in the techniques and
structures described and illustrated herein without departing from the spirit and scope of the
present claims. Accordingly, it should be understood that the methods and apparatus

described herein are illustrative only and are not limiting upon the scope of the claims.
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THE EMBODIMENTS OF THE INVENTION FOR WHICH AN EXCLUSIVE PROPERTY OR
PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A system for wireless control of a snow plow that is mountable on a vehicle, comprising:
a plow control module mounted on the snow plow; and
a vehicle control module mounted on the vehicle that wirelessly communicates
with the plow control module and is capable of:
detecting a connection of the snow plow; and
based on the detection of the connection of the snow plow:
disengaging, from operation, one or more vehicle lights mounted
on the vehicle; and
controlling one or more plow lights mounted on the snow plow
based on one or more signals corresponding to vehicle light control of the

one or more vehicle lights.

2. The system of claim 1, wherein:
the one or more plow lights include at least one light from a set of lights including
a plow headlight, a plow turn signal, a plow reverse light, and a plow daytime running
lamp; and
the one or more vehicle lights include at least one light from another set of lights
including a vehicle headlight, a vehicle turn signal, a vehicle reverse light, and a vehicle
daytime running lamp.

3. The system of claim 1, wherein the one or more plow lights include a plow headlight and
a plow turn signal, and wherein the one or more vehicle lights include a vehicle headlight

and a vehicle turn signal.

4, The system of claim 1, wherein the detection of the connection of the snow plow to the
vehicle is based on a wireless signal originated by the plow control module and received

at the vehicle control module.

5. The system of claim 1, wherein the vehicle control module is further capable of:
detecting a disconnection of the snow plow; and

-27-

CA 2823858 2019-11-01



re-engaging the one or more vehicle lights into operation based on the detection

of the disconnection of the snow plow.

6. The system of claim 1, wherein the one or more signals corresponding to vehicle light
control of the one or more vehicle lights correspond to user manipulation of one or more

operator controls for controlling the one or more vehicle lights.

7. The system of claim 1, further comprising a harness interconnecting the vehicle control

module and the one or more vehicle lights.

8. The system of claim 7, wherein the harness is configured to redirect, to the vehicle
control module instead of to the one or more vehicle lights, the one or more signals

corresponding to vehicle light control of the one or more vehicle lights.

9. The system of claim 1, wherein:

the vehicle control module is configured to cause wireless communications
corresponding to the one or more signals corresponding to vehicle light control of the
one or more vehicle lights to be delivered to the plow control module when the snow
plow is connected, and

the vehicle control module is configured to cause communications corresponding
to the one or more signals corresponding to vehicle light contro! of one or more vehicle
lights to be delivered to the one or more vehicle lights when the snow plow is

disconnected.

10. The system of claim 1, wherein the vehicle control module is further capable of
wirelessly communicating with the plow control module to control operations of the snow

plow.
11. The system of claim 10,
further comprising a hand-held controller, the hand-held controller having user

activated controls to cause signals to control operations of the snow plow to be
generated; and
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12.

13.

14.

15.

16.

17.

wherein the vehicle control module is capable of wirelessly communicating with
the plow control module to control operations of the snow plow based on the signals
generated by the hand-held controller and received at the vehicle control module.

The system of claim 11, wherein at least a portion of the signals received at the vehicle
control module from the hand-held controller are based on user input received at the

hand-held controller.

The system of claim 11, wherein the hand-held controller is in wireless connection with
both the vehicle control module and the plow control module, and the hand-held
controller is configured to:

cause a particular signal to control a particular operation of the snow plow to be
wirelessly transmitted to the plow control module, and

cause the particular signal to be wirelessly transmitted to the vehicle control
module for retransmission to the plow control module when an indication that the
particular signal was not received by the plow control module is determined.

The system of claim 11, wherein each unit of the plow control module, the vehicle control
module and the hand-held controller is synchronized with the other units.

The system of claim 14, wherein the each unit of the plow control module, the vehicle
control module and the hand-held controller is synchronized with the other units by
transmission and reception of respective broadcast messages, each respective
broadcast message including an indication of an identification of a respective

transmitting unit.

The system of claim 15, wherein the each unit of the plow control module, the vehicle
control module and the hand-held controller stores the identification of each of the other
units received in the respective broadcast messages.

The system of claim 14, wherein the each unit of the plow control module, the vehicle

control module and the hand-held controller is automatically synchronized with the other

units.
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18.

19.

20.

21.

22.

23.

24,

The system of claim 17, wherein the each unit of the plow control module, the vehicle
control module and the hand-held controller is configured to attempt to automatically
synchronize with the other units when the each unit is in a synchronization state.

The system of claim 18, wherein the operations of the snow plow are prevented from
occurring when at least of the plow control module, the vehicle control module, and the

hand-held controller is in the synchronization state.

The system of claim 11, wherein the plow control module includes a toggle to switch
between controlling two different types of snow plows.

The system of claim 11, wherein the hand-held controller inciudes a bezel mounted
thereon corresponding to a type of snow plow, the bezel modifying an accessibility of the
user activated controls corresponding to the type of snow plow.

The system of claim 11, wherein the plow control module includes an antenna to
wirelessly receive the signals to control the operations of the snow plow generated by
the hand-held controller, the antenna being routed within a wiring loom surrounding a

harness of the plow control module.

The system of claim 13, wherein the indication that the particular signal was not received
by the plow control module is a lack of reception of an acknowledgement by the plow
control module to the particular signal.

A method of controlling a snow plow that is mountable on a vehicle, the method
comprising:

detecting, by a vehicle control module that is mounted on the vehicle and that
wirelessly communicates with a plow control module mounted on the snow plow, a
connection of the snow plow; and

based on the detection of the snow plow:

disengaging, by the vehicle control module, one or more vehicle lights
from operation, the one or more vehicle lights mounted on the vehicle; and
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25.

26.

27.

28.

29.

30.

controlling, by the vehicle control module, one or more plow lights
mounted on the snow plow based on one or more signals corresponding to

vehicle light control of the one or more vehicle lights.

The method of claim 24 wherein detecting the connection of the snow plow comprises
receiving, by the vehicle control module from the plow control module, a wireless signal

indicative of the connection of the snow plow.

The method of claim 24, further comprising:
detecting, by the vehicle control module, a disconnection of the snow plow; and
re-engaging, by the vehicle control module, the one or more vehicle lights into

operation based on the detection of the disconnection of the snow plow.

The method of claim 24, wherein controlling, by the vehicle control module, the one or
more plow lights comprises wirelessly transmitting, by the vehicle control module to the
plow control module, one or more signals to control the one or more plow lights.

The method of claim 24, wherein:

the one or more plow lights include at least one light from a set of lights including
a plow headlight, a plow turn signal, and a plow daytime running lamp; and

the one or more vehicle lights include at least one from another set of lights
including a vehicle headlight, a vehicle turn signal, a vehicle reverse light, and a vehicle

daytime running lamp.

The rhethod of claim 24, wherein controlling, by the vehicle control module, the one or
more plow lights mounted on the snow plow based on the one or more signals
corresponding to vehicle light control of the one or more vehicle lights comprises:
controlling, by the vehicle control module, the one or more plow lights mounted
on the snow plow based on user manipulation of one or more operator controls for

controlling the one or more vehicle lights.

The method of claim 28, wherein controlling, by the vehicle control module, the one or
more plow lights mounted on the snow plow based on the user manipulation of the one
or more operator controls for controlling the one or more vehicle lights comprises:

-31-

CA 2823858 2019-11-01



causing, by the vehicle control module, wireless communications corresponding
to the user manipulation of the one or more operator controls for controlling the one or
more vehicle lights to be delivered to the plow control module when the snow plow is
connected, and

causing, by the vehicle control module, communications corresponding to the
user manipulation of the one or more operator controls for controlling the one or more
vehicle lights to be delivered to the one or more vehicle lights when the snow plow is

disconnected.

31. The method of claim 24, further comprising wirelessly transmitting, by the vehicle control
module to the plow control module, one or more operational control signals to control

operations of the snow plow.

32. The method of claim 31, further comprising wirelessly receiving, at the vehicle control
module from a handheld controller, one or more commands corresponding to controlling
operations of the snow plow, the one or more commands based on user activation of
one or more operator controls of the handheld controlier; and

wherein the one or more operational contro! signals wirelessly transmitted by the
vehicle control module to the plow control module are based on the one or more

commands.
33. The method of claim 32, further comprising synchronizing the vehicle control module, the
plow control module, and the handheld controller so that each unit of the vehicle control

module, the plow control module, and the handheld controller stores a respective

identification of each of the other units.
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