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INFORMATION DELIVERY AND
MAINTENANCE SYSTEM FOR
DYNAMICALLY GENERATED AND
UPDATED DATA PERTAINING TO ROAD
MAINTENANCE VEHICLES AND OTHER
RELATED INFORMATION

RELATED APPLICATION DATA

This application claims the benefit of and priority under
35 U.S.C. §119(e) to U.S. Patent Application No. 60/947,
257, filed Jun. 29, 2007, entitled “Information Delivery And
Maintenance System For Dynamically Generated And
Updated Data Pertaining To Road Maintenance Vehicles
And Other Related Information,” which is incorporated
herein by reference in its entirety.

This application is a continuation of U.S. application Ser.
No. 13/560,797, filed Jul. 27, 2012, which is a continuation
of U.S. application Ser. No. 12/147,837, now U.S. Pat. No.
8,275,522 filed on Jun. 27, 2008, all of which are incorpo-
rated herein by this reference.

FIELD OF THE INVENTION

The invention relates generally to data collection, pro-
cessing, and delivery in conjunction with mobile vehicles
and particularly to the collection and the transmission of
data to and from various mobile and remote destinations,
such as to and from road maintenance and/or construction
vehicles.

SUMMARY OF INVENTION

An exemplary embodiment of the present invention is
directed generally to collecting selected types of information
from various sources, then transmitting at least some of the
data collected to a remote server, then dynamically compil-
ing and processing this data with information from other
similar and separate sources, to provide useful and relevant
information, such as vehicle and location-specific road
maintenance radar, forecasts and treatment recommenda-
tions, and then finally transmitting data back to the vehicles
in the field for one or more of the appropriate deployment of
equipment, instructions and the automated or manual appli-
cation of materials.

In one exemplary embodiment, a method includes the
steps of:

collecting information from the vehicles, such as vehicle
state and/or road conditions, by a variety of means which
may include vehicular sensors or manual input by the driver
or vehicular profile containing maintenance history or physi-
cal restrictions or conditions of the vehicle;

establishing a connection to a remote server through a
means such as a wireless network connection or the equiva-
lent;

transmitting the collected information through the estab-
lished connection to the remote server;

compiling, aggregating, and analyzing the transmitted
information, possibly with other information that has been
collected, stored, or otherwise come to exist on the remote
server into a relevant and useful form; and

transmitting the newly dynamically generated informa-
tion as well as other information back to the vehicle in a
versatile and dynamic format, such as a dynamically gen-
erated webpage or data stream, accessible and readily avail-
able to the vehicle.
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In another exemplary embodiment, a data collection and
transmission method is provided that includes the steps:

a sensor or equivalent hardware collecting information
regarding road and/or weather conditions;

establishing a connection to a remote server through a
means such as a wireless network connection or the equiva-
lent;

transmitting the collected information through the estab-
lished connection to the remote server; and

storing the data on the server, which can be readily
available to other processes or applications in the compila-
tion and/or aggregation of information, such as extrapolation
of data to model current and future weather characteristics,
to be transmitted to other specified designations.

An exemplary embodiment of the present invention can
provide a number of exemplary advantages depending on
the particular configuration. For example, the use of dynami-
cally generated information regarding the continuously
changing weather conditions and temperatures can permit
the snowplow drivers to adjust their routes and actions
accordingly, to enhance efficiency and effectiveness. When
the dynamically generated information and recommendation
is transmitted to the snowplow, the driver can either accept
or modify recommendations, while accurately assessing the
changing conditions and adjusting the amount of chemicals
or other substances or strategic plans used to clear the roads
of ice and snow. Such actions are recorded and can be sent
back to the remote server. The conventional method of
relaying information to the driver of the snowplows, such as
radio, text messages or telephone calls, is cumbersome and
does not necessarily provide up-to-date and accurate infor-
mation regarding road and weather conditions which may
ultimately lead to excessive or inefficient use of resources.
Comparatively, this invention can relay the most accurate
and current information available between the remote server
to the driver, and/or between two or more of the same.

Other potential advantages of the invention include the
variety of different kinds of information accessible to drivers
in various formats that may give them a better depiction of
the real-world conditions they face; a more robust imple-
mentation of connecting to different transmission channels,
such as wireless connections or the equivalent to ensure a
greater probability of timely transmissions of data; the
ability to create various strategies and apply cost/benefit
analysis on each to determine which recommendation would
be the most cost-effective and beneficial; and a more acces-
sible remote server which can be accessed directly or
indirectly to generate more detailed and accurate analysis,
recommendations and reports for or of activities performed
by the road maintenance vehicles, control road maintenance
activities on vehicles remotely, and record and view historic,
present and projected weather and maintenance information
to better prepare, respond and analyze future scenarios.

An additional aspect of the invention relates to a display,
mountable in a vehicle that can illustrate the status of one or
more of various functions, conditions and sensors. The data
on the display can also be color-coded to assist with read-
ability. For example, green can be active or “ok,” yellow
designating caution, and red, for example, a problem area
such as a maintenance vehicle that has stopped. Addition-
ally, grey can be used for portions that, when selected,
display additional information. For example, a grey camera
icon can be provided on the display that when selected
opens, for example, a pop-up window that shows the camera
image from that particular location.

Another aspect of the invention relates to providing a
web-based interface, that can be dynamically generated, and
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accessed from a plurality of locations, such as within a
movable maintenance vehicle.

Additional aspects of the invention relate to a dynamically
generated web page based on the location, such as GPS
coordinates, of a movable maintenance vehicle. Examples of
location-specific information can include radar loops, road
information, other maintenance vehicle information,
detailed location-specific weather forecasts, and the like.
The ability to refresh this web page can be done either
manually, for example at the request of the driver, or
automatically, such as every predefined time period or when
the vehicle enters a predefined area.

Additional aspects of the invention relate to user profiles
for the displays that can govern such things as color scheme,
layout, types of information displayed, or in general any
information available to or being sent from the maintenance
vehicle. The user profile can be selected by traditional
alpha/numeric entry, fingerprint, id card, RFID, or the like.

Aspects of the invention also relate to providing a display
that is capable of displaying alert messages that can be
generated on a dynamic basis and displayed, with or without
an audio alert, to a maintenance vehicle driver.

Other aspects of the invention relate to the ability to
calibrate and forward various information sources from the
maintenance vehicle to a central data repository. In general,
any aspect of the maintenance vehicle can be monitored
such as whether it is running, whether the snow plow blade
is up or down, the amount of deicing agent or sand onboard,
the amount of time the truck has been running, fuel levels,
engine temperature, which side deicing fluid is being
sprayed on, the location of the truck, the lane that the truck
is in, or in general any information that can be monitored can
be forwarded from the maintenance vehicle to the central
information repository.

Additional aspects of the invention relate to being able to
see, from a remote location, the display as viewed by a user
in a maintenance vehicle.

An additional aspect of the invention relates to monitoring
and tracking the activity of a maintenance vehicle for
reporting functions. For example, if roadside weed spraying
is occurring, the track at the end of the day, spray quantity,
weather information, and the like, can be used to generate a
report for compliance, such as an EPA Compliance Report.

An additional aspect to the invention allows a mainte-
nance vehicle to enter information about specific locations in
a roadway, such as where potholes are occurring, and,
knowing the vehicle location, the system can map the
location of the potholes and forward the information to the
repository. This information could then be forwarded to, for
example, the pothole-repair group for maintenance.

Additional aspects of the invention relate to installing a
camera in the maintenance vehicle, with the feed to this
camera being capable of being forwarded to one or more
destinations. For example, a camera can be installed on the
front and rear of the vehicle, with the front camera images
being forwarded to the information repository to assist with
maintenance, such as snow removal, with the rear camera
image being displayed for the truck driver to assist in
visualizing the effectiveness of the plowing and/or deicing
procedures.

An additional aspect of the invention relates to parallel
processing for different types of data feeds with the different
types of data feeds being handled in different manners, and
by different applications, correlated to the type of data feed.

Another aspect of the invention relates to creating a speed
map utilizing passive tags that are installed on a windshield,
such as a toll tag. In that the total tags are generally placed
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in the front window, one can passively read these tags at
point A and point B and can figure out very cost effectively
how fast a driver traveled between the points. Additionally,
the travelled speed can be correlated to a particular lane, in
that tag readers are generally lane-specific.

Utilizing a combination of speed mapping, and informa-
tion from the one or more maintenance vehicles, this infor-
mation can be assembled and forwarded to, for example,
drivers and/or transportation agencies to provide real-time
information or near real-time information about the status of
roads, and in particular, lanes of particular roads.

This information can be analyzed and supplemented with
the use of a prediction agent that can factor in various
information such as weather forecasts, temperatures, loca-
tion of maintenance vehicles and the like to predict traffic
patterns and/or problems at particular locations at specific
times. The prediction agent can also assist with determining
maintenance routines and procedures.

Another aspect of the invention relates to the integration
of the spreading of a particular chemical, such as mag
chloride, and the dissipation rate of that chemical based on
one or more of traffic load and weather conditions. This can
be used to assess and manage and predict runoff time of
materials applied to the road that can assist in coordinating
a maintenance schedule.

An additional aspect of the invention relates to utilization
of weather and traffic information to assist with concrete
delivery. For example, concrete pumper truck booms should
not be utilized if wind speed is expected to be above a
particular threshold. Weather information can be forwarded
to the concrete pumper to alert them of predicted wind
speeds in excess of a threshold.

Additional aspects of the invention relate to the ability to
track equipment usage, such as RPMs, time in operation, and
the like, that can then be used, for example, for warranty
information, maintenance, and/or repairs.

With on-board cameras, maintenance vehicle users can
also use these cameras in the context of, a helmet cam, that
allows images from the truck to be displayed to, for
example, a maintenance or repair facility to facilitate repair
of a vehicle that has broken down.

Still further aspects of the invention relate to utilizing
different menus based on season changes. For example,
during the summer, the menu could be customized to allow
a user to identify smoke across the road, debris in the road,
shoulder repair, leaf spraying, paint spraying, etc., while in
the winter the menu could be directed to such functionality
as snow plowing, deicing applications, avalanches, and the
like. In general, menus can be customized based on one or
more of seasons, type of maintenance vehicle, industry, or in
general any environment in which the system is imple-
mented.

Aspects of the invention also relate to retrofitting a
maintenance vehicle with the appropriate sensors such that
the maintenance vehicle becomes a remote weather station.
This remotely secured weather data can then be transferred
to the central information repository.

Aspects of the invention also relate to the identification of
special segments of roadways that may need to be treated
differently than adjacent segments. For example, for a road
segment that is continuously in the shade, sensors on main-
tenance vehicles can detect this pattern and use that infor-
mation as feedback to the information repository. The infor-
mation can then be used for assisting with maintenance of
that special section. For example, if the special section is
always in the shade, it may need more anti-icing agent than
adjacent sections of the roadway that receive sun.
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Aspects of the invention further relate to synchronizing
the data from the various sources to a common clock, such
as that used by the GPS system.

Additional aspects of the invention relate to monitoring
and maintaining records of vehicle usage for tax accounting.

Still further aspects of the invention relate to assigning
one or more of a truck number and installed system number
to the combination of the maintenance vehicle and the
installed system to allow for identification of the mainte-
nance vehicle.

Still further aspects relate to having a driver login to
identify the driver and the truck they are driving. This can be
correlated to the type of equipment on the truck as well as
the skill level of the driver.

Aspects of the invention also relate to an expert system
that has the capability of predicting and issuing instructions
relating to road maintenance, such as snow removal.

Aspects of the invention also relate to an expert system
that has the capability of predicting and/or issuing instruc-
tions and/or providing data back to one or more remote
locations at least based on data received from the one or
more remote locations. Exemplary environments the system
can be used with are road maintenance, firefighting, con-
struction, delivery, shipping, law enforcement, traffic man-
agement, and in general, any environment where the coor-
dination and assimilation of data from disparate sources is
needed.

Still further aspects of the invention relate to stationary
maintenance equipment management, such as stationary
de-icing systems, and their use in conjunction with one or
more other aspects of this invention. As with the other
systems and equipment described herein, various informa-
tion can be forwarded from the stationary maintenance
system, such as liquid de-icing levels, pressure in the lines,
temperature information, video information, sump pump
activity, and in general, any information from the stationary
maintenance system.

Additional aspects of the invention relate to the ability to
program roadside signs from a mobile maintenance vehicle.

Still further aspects of the invention relate to color coding
and on-board display in a maintenance vehicle with the color
coding corresponding to specific sections of one or more
roads.

These and other advantages will be apparent from the
disclosure of the invention or inventions contained herein.

The phrases “at least one”, “one or more”, and “and/or”
are open-ended expressions that are both conjunctive and
disjunctive in operation. For example, each of the expres-
sions “at least one of A, B and C”, “at least one of A, B, or
C”, “one or more of A, B, and C”, “one or more of A, B, or
C” and “A, B, and/or C” means A alone, B alone, C alone,
A and B together, A and C together, B and C together, or A,
B and C together.

The term “a” or “an” entity refers to one or more of that
entity. As such, the terms “a” (or “an”), “one or more” and
“at least one” can be used interchangeably herein. It is also
to be noted that the terms “comprising”, “including”, and
“having” can be used interchangeably.

The term “automatic” and variations thereof, as used
herein, refers to any process or operation done without
material human input when the process or operation is
performed. However, a process or operation can be auto-
matic even if performance of the process or operation uses
human input, whether material or immaterial, received
before performance of the process or operation. Human
input is deemed to be material if such input influences how
the process or operation will be performed. Human input
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that consents to the performance of the process or operation
is not deemed to be “material.”

The term “computer-readable medium” as used herein
refers to any tangible storage and/or transmission medium
that participate in providing instructions to a processor for
execution. Such a medium may take many forms, including
but not limited to, non-volatile media, volatile media, and
transmission media. Non-volatile media includes, for
example, NVRAM, or magnetic or optical disks. Volatile
media includes dynamic memory, such as main memory.
Common forms of computer-readable media include, for
example, a floppy disk, a flexible disk, hard disk, magnetic
tape, or any other magnetic medium, magneto-optical
medium, a CD-ROM, any other optical medium, punch
cards, paper tape, any other physical medium with patterns
of holes, a RAM, a PROM, and EPROM, a FLASH-
EPROM, a solid state medium like a memory card, any other
memory chip or cartridge, a carrier wave as described
hereinafter, or any other medium from which a computer can
read. A digital file attachment to e-mail or other self-
contained information archive or set of archives is consid-
ered a distribution medium equivalent to a tangible storage
medium. When the computer-readable media is configured
as a database, it is to be understood that the database may be
any type of database, such as relational, hierarchical, object-
oriented, and/or the like. Accordingly, the invention is
considered to include a tangible storage medium or distri-
bution medium and prior art-recognized equivalents and
successor media, in which the software implementations of
the present invention are stored.

The terms “determine,” “calculate” and “compute,” and
variations thereof, as used herein, are used interchangeably
and include any type of methodology, process, mathematical
operation or technique.

The term “module” as used herein refers to any known or
later developed hardware, software, firmware, artificial
intelligence, fuzzy logic, expert system or combination of
hardware and software that is capable of performing the
functionality associated with that element. Also, while the
invention is described in terms of exemplary embodiments,
it should be appreciated that individual aspects of the
invention can be separately claimed.

The preceding is a simplified summary of the invention to
provide an understanding of some aspects of the invention.
This summary is neither an extensive nor exhaustive over-
view of the invention and its various embodiments. It is
intended neither to identify key or critical elements of the
invention nor to delineate the scope of the invention but to
present selected concepts of the invention in a simplified
form as an introduction to the more detailed description
presented below. As will be appreciated, other embodiments
of the invention are possible utilizing, alone or in combina-
tion, one or more of the features set forth above or described
in detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention can be more readily understood in
conjunction with the accompanying diagrams and figures, in
which:

FIG. 1 is an environmental overview of the information
management system according to this invention;

FIG. 2 is an exemplary screenshot of an interface avail-
able to one or more of drivers in the road maintenance
vehicles and other personnel and the types of information
that can be displayed according to this invention;
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FIG. 3 is an exemplary screenshot of the interface avail-
able to display the types of information generated according
to this invention;

FIG. 4 illustrates a system-level view of data flow in the
information management system according to this inven-
tion;

FIG. 5 illustrates a second system-level view of data flow
in the information management system according to this
invention;

FIG. 6 is a flowchart illustrating an exemplary method of
processing and managing data according to this invention;

FIG. 7 illustrates an exemplary method of uploading data
according to this invention; and

FIGS. 8-11 illustrate exploded views of some of the
interfaces according to this invention.

DETAILED DESCRIPTION

The following exemplary embodiments will generally be
discussed in relation to a road maintenance embodiment,
and in particular to snow and ice removal sensors and
equipment. However, in general, the system, methodologies
and techniques described herein can be applied to other
industries, environments, types of vehicles and sensors. As
such, there may be a corresponding change in one or more
of the type(s) of data depending on the operational environ-
ment and a corresponding change in the type(s) and format
of information displayed on the various devices.

In one exemplary embodiment, the information delivery
system allows information to be sent to and received from
road maintenance vehicles. The system collects and trans-
mits information collected through various sources, which
include sensors onboard a road maintenance vehicle, data
collected from weather pods and weather stations, data
collected from third party sources, information from other
maintenance vehicles or sources, and information derived
from collected data. Field information is then transmitted to
and stored on a remote central server through an established
connection, such as through a commercial carrier for wire-
less networks. Information from other sources may be
collected through server-to-server links. All information can
then be stored and processed on the remote server or a
combination of servers working together. The stored and
processed information can be accessed locally and directly
by central dispatch and internal personnel, by dispatch
assistants or related offices, as well as the traveling public if
allowed, through PCs and laptops, or through mobile
devices such as cell phones and PDAs, or remotely by road
maintenance vehicles and other in-vehicle systems through,
for example, a wireless connection.

Once the system determines which road maintenance
vehicle is requesting information by either manual or auto-
mated updates, a vehicle specific report or aggregate of
information that will be most relevant for the requesting
vehicle as well as a vehicle-specific combination of radar,
forecasts and treatment recommendations are generated.
Applying various techniques and software processes to the
collected data produces this information and recommenda-
tion. The information and recommendation is then dynami-
cally placed on a webpage or into another data format for
transmission to the field systems.

This display allows for relatively unrestrained, dynami-
cally generated, truck and location-specific information to
be accessible to the vehicle or, in general, to any location.
This is in contrast to the relatively limited capabilities
previously available through text messaging or oral com-
munications via phone or radio. A dynamically generated
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webpage has the versatility to display one or more of images
and multimedia, (and audio through an associated speaker)
as well as stay as current as possible, depending on the
availability of network connections in the area. The display
of information can include without limitation a seamless
integration of various types of information, such as weather
radar loops, weather forecasts as well as current conditions,
history of road maintenance activity in the area, information
collected other road maintenance vehicles, and camera
images. It also allows the vehicle to directly communicate
with one or more of central dispatch and other driver(s)
through messaging as well as communication with other
road maintenance vehicles through the remote server. More
than one server may be joined to enhance processing power
and capabilities, as well as to integrate data from multiple
states and other entities.

Snow Plow Application

As illustrated in FIG. 1, one exemplary implementation of
the present invention is the snow plow application. As
shown in FIG. 1, the snow plow application 1 includes snow
plows 105, an information delivery system and transceiver
110, and associated antennas 120, sensor(s) 130, such as an
infrared sensor, camera, or in general any sensor, weather
pucks 140, stationary equipment 150, such as a de-icing
sprayer, road sign, or the like, and a display 160, associated
with an information delivery system. The display 160 can be
mounted in the cab of a vehicle and can include associated
speakers as well as communication capabilities such that
cameras, microphones, and in general and device, can be
associated with the information delivery system 110. The
display 160 includes one or more display portions 165-180
and one or more buttons 185. The exemplary display por-
tions include a map 165, radar 170, road information 175
and truck information 180. Once the driver of the snow plow
starts the engine of the vehicle, after a short delay, the
information delivery system will start up. This delay (as well
as the corresponding delay prior to automatic shutoff) is
optionally implemented to conserve and better manage
power derived from the vehicle. Once the system has started
up, the driver can then enter an identification, and optional
password, to the system by means that may include but are
not limited to the following: alpha/numeric entry such as
through on screen touch input, or through a separate wired
or wireless keyboard, fingerprint reader, identification card
scanner, voice recognition system, or RFID scanner. The
driver profile is important for many different reasons, which
may include association of the activities following the
identification with the driver, preservation of personal set-
tings in regards to the display and vehicle preferences, grant
of'access to certain activities or types of information as well
as different menu screens with regard to pre-defined per-
missions, and provision of driver-specific recommendations.
Identification can also provide additional security by dis-
abling the vehicle if too many invalid entries are entered.

Once driver identification has been established, the driver
may confirm and/or modify vehicle profile information
associated with the particular snow plow to reflect specific
materials being carried (applicable profiles can be generated
manually or at least in part be automated with applicable
sensors). Once the driver and vehicle profiles have been
established and transmitted by the information delivery
system and transceiver 110 to an information management
system 100, the data can be aggregated with other relevant
information to create several strategies for road mainte-
nance. These strategies will be applied to one or more of
additional software, techniques, expert systems and algo-
rithms to determine the most cost-effective and efficient
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strategy, which will then be combined with other informa-
tion to deliver a vehicle and location specific recommenda-
tion back to the snow plow.

Collecting Data

As discussed in relation to FIGS. 2-5, (with exploded
views shown in FIGS. 8-11) the information collected by the
system can vary depending on the application. For example,
information from vehicle sensors can include such things as
vehicle information, 205, such as vehicle speed, vehicle
acceleration, engine revolutions-per-minute, engine tem-
perature, engine oil pressure, and fuel level. It may also
collect information specific to snow plows, such as level of
materials left on the snow plow, equipment functionality,
and activity history. Information collected from third party
sources 210 may include weather data, for example from the
National Weather Service, forecasts, and local and regional
radars and related information such as front location, snow
depth, wind conditions, as well as current traffic conditions.
Information collected from weather stations and weather
pods can include current surface and ambient temperatures,
humidity, wind speed and direction, wind chill, rain, snow,
and fog, and in general any weather condition, trend, fore-
cast or information. Other types of information that can be
gathered or otherwise calculated from gathered data include
road conditions, physical location, snow plow setting, mix-
ture and amount of material being applied to a selected
surface, video images of the vehicle’s exterior environment
or the vehicles’ interior or exterior, and audio of the vehi-
cle’s interior. Such information can be displayed and
updated manually or on an automated basis.

All equipment that may be necessary for road mainte-
nance can be identified, by means such as barcodes, RFID
tags or in general any type of identifier. Such information
can be collected automatically by wireless input from the
area, or manually such as with a handheld device to scan or
otherwise make note of what equipment is onboard or has
been left where. For example, a driver could apply RFID
tags to maintenance cones used to identify problem areas
and caution drivers to avoid the areas. The driver could scan
the RFID tags wirelessly from the onboard system or by
using a handheld device and then synchronize the data with
the information system, which would ultimately transmit
both the item identification and relevant GPS coordinates to
the remote server and plot the same on applicable internal
and/or publicly accessible maps. Such information is likely
to aid with general traffic flow and congestion mitigation and
with the internal tracking and maintenance of peripheral
equipment to reduce careless loss or misplacement.

Sensors aboard the snow plow can be optionally accessed
and controlled through or in conjunction with the informa-
tion delivery system 110 and the information management
system 100. This may include, for example, controlling the
spreading of materials (amount and type of material) onto
the road. Because the relevant vehicle information can be
stored in the vehicle and/or on the information management
system 100, the information can directly used in conjunction
with treatment recommendation software or separately/
manually specified by supervisors from other vehicles via
their own onboard system, or from an office or other mobile
environment via computer, PDA, or cell phone. Once the
relevant information is sent back to the snow plow, the
application rates can be so set, with or without an option for
the driver to accept or reject and override the same. Thus,
in-vehicle settings can be automated and/or remotely con-
trolled, allowing the drivers to focus on driving while more
or less granular adjustments to treatment materials and
application rates can be automated and/or remotely guided
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by systems and software which are taking into account
information, strategies and conditions beyond that known or
available to any given driver/operator. This feature can be
overridden by the driver if and to the extent allowed, in
general or in specific parameters such as where another
vehicle is following closely or where ice or drifting snow is
directly observed.

In addition to vehicle specific data, maintenance vehicles
so equipped may also be used for detailed road profiling,
manually and/or through cameras and other equipment,
while the vehicle drives down roads. This may include
collecting data regarding shaded and windblown areas dur-
ing various times throughout the year; marking lanes so that
very specific information can be recorded and relayed; and
other activities such as road repairs, debris clearance, weed
spraying, paint stripping, or other maintenance which may
need to be performed. Times, locations, and other conditions
and information can be recorded with such events to pre-
serve and generate appropriate reports and records, as well
as for separate processing and analysis, accounting, mate-
rials inventory, purchasing, etc.

Additional features may include updates to the system,
updates made by the system to other onboard systems,
remote access to instruction and practice manuals and record
keeping systems, etc. that can done either on a manual basis
or an automated basis.

Information Transmission and Display

Once the information management system 100 recognizes
the specific vehicle requesting information, it will generate
a vehicle-specific recommendation for actions to take in
regards to road maintenance, using the information collected
which may include weather conditions, road conditions,
vehicle state, and a brief history of actions previously taken
in regards to the area. Vehicle characteristics (e.g. liquid/
sand capabilities, materials carried, etc.) can be predefined
and/or dynamically entered and submitted with each infor-
mation request, refresh or other communications process
(automated or manual).

In one configuration, the data that will be displayed will
be generated to a webpage accessible by the vehicle.
Examples of generated portions of webpages are shown in
FIGS. 2-3 and FIGS. 8-11. In FIG. 2, which illustrates a
graphical user interface 202 displayable on a wvehicle
mounted display 201, truck statistics portion 205 includes
information about a specific vehicle, camera portion 210
includes a view from any camera (vehicle mounted or
elsewhere), radar and weather portions 220 and 222 include
one or more of (Doppler) radar, weather statistical informa-
tion and weather information, map portion 215 includes map
information optionally showing the current location of the
vehicle and status of various road conditions with optional
color coding.

Onboard cameras and other sensors could also be used to
trigger automatic shutdown of vehicle functions. For
example, if a car is following too closely to a truck spreading
sand or other material, the sand spreading function could be
disabled.

Other selectable insets could also be displayed depending
on the information desired by a user. Selectable menu 225
(shown in greater detail in FIG. 8) can provide access to the
various functionality, including forecast and recommended
actions, of the system with display 235 (shown in greater
detail in FIG. 9) illustrating some of the data being trans-
mitted by and received from the vehicle.

The selectable menu 225 can have a hierarchical structure
and include an exemplary navigation such as:
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MAIN MENU

1. LANE

KEY IN # & ENTER

2. MATERIAL

a. SALT
KEY IN # & ENTER

b. SALT/SAND
KEY IN # & ENTER

c. MAG
KEY IN # & ENTER

d. MAG/SAND
KEY IN # & ENTER

e. ICE SLICER
KEY IN # & ENTER

f. COLD MAG
KEY IN # & ENTER

. APEX
KEY IN # & ENTER

h. ICE BUSTER

KEY IN # & ENTER

ROAD CONDITIONS

WET

SLUSH

SNOW PACKED

BLACK ICE

FROST

DRY

SNOW

BLOWING SNOW

WEATHER

SNOW

BLOWING SNOW

MIX

FREEZING RAIN

RAIN

DRIZZLE

FOG

CLEAR

5. SNOW ON ROAD

KEY IN # & ENTER

6. TOTAL SNOW

KEY IN # & ENTER

7. BLADE (up or down) (toggle)

8. RESET (w/ following pop-up to confirm or cancel)

DO YOU REALLY WANT TO RESET?

a. YES (will send a demark and blank out screen set-
tings)*

b. NO (will return to main menu)
* A demark can be sent when the truck is started and when the reset
button is depressed and confirmed. The demark will denote prior data
entries are no longer effective, and that no new data should be read or
interpreted until menu items are again entered. Data can be deemed
dated and no longer used for forecasting when such demark is received
and/or when the data is more than xx old. Historic data will be
forwarded when in coverage if out. Time stamps will be provided for
when the data was recorded as well as when it is entered in the

database. A bright/dim toggle is provided to shade screen brightness for
night use (eg. std for day, dim for night).

The webpage or interface on the display can also provide
a spatial map showing vehicle locations, vehicle operations,
and other state information. For example, the map can depict
the location the snowplow as well as the other snowplow
trucks relative to the initial truck, using an icon denoting
each truck. The icon color can be varied to indicate differing
vehicle states. Text and/or visual (camera) information can
be depicted on the map adjacent to or associated with each
icon. The text information can describe selected state infor-
mation associated with the truck, such as a truck identifier,
direction of travel, speed, status of GPS signal, status and
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activity, and timestamp of last data update for the identified
truck. The map can also depict, for one or more selected
vehicles, a trace route over a selected period of time. A trace
route indicates the path of travel of the vehicle over the
selected time period. The map can also display reported
conditions and status of the vehicle, activities (such as
treatment material, quantities of material used, blading,
speeds, time, images, etc.). Such historic information can
then be factored into new forecasts, treatment strategies and
recommendations as well as directly accessible by mainte-
nance and other personnel, and by the traveling public.
Additionally, the display can show the recommendation for
the specific vehicle, which the driver may accept or make
modifications. Such modifications as well as the actual
applications as put forth throughout a route, would then be
transmitted back to the information management system 100
and saved as part of the history of actions taken in relevant
region and used as a basis for subsequent strategies and
recommendation (for example, increased use of given mate-
rial may lessen the amount recommended on the next pass).

In the above embodiments, the information delivery sys-
tems 110 commonly include a smart modem device and
peripherals thereof, such as a monitor (e.g., a touch screen),
external GPS and connection antenna, and wired or wireless
connections to internal vehicular components. As shown in
FIG. 4, the information delivery system 110 is capable of
receiving information from a plurality of sources, and com-
municating with the information management system 100
via one or more links 5 and networks 10. The information
delivery system, or vehicle system, is also capable of
providing information 205 to a user, such as a snow plow
driver, via the display and/or audible indicators. The infor-
mation management system 100 is also connected to a
remote activation and control module 420, an intelligent
agent/expert system 410, one or more data feeds 210,
storage 430, an alert/message module 440 and an activation
module, such as de-icing activation module 450.

Historic information regarding vehicle activity stored in
storage 430 (e.g. specific material used in previous pass,
when activity occurred, etc.) is dynamically analyzed and
processed by one or more of the information management
system 100 and intelligent agent/exert system 410 and to
ascertain more accurate recommendations by the informa-
tion management system 100. For example, if a plow
applied de-icing material to the road earlier that day, the
subsequent strategies and recommendations would specifi-
cally take into consideration such actions and would produce
recommendations and strategies that would differ from a
vehicle that may have applied a heavier treatment of differ-
ent or same materials. The information management system
can also take into consideration other maintenance functions
and vehicle profile and/or status (e.g. whether vehicle is
equipped for salt, sand, or magnesium chloride) and adjust
the recommendation and applicable strategies accordingly.

The data collected from various sources and the corre-
sponding reports and recommendations sent back to the road
maintenance vehicles can be transmitted to the information
delivery system (vehicle system) in the vehicle through a
variety of methods. These may include both public and
private wireless networks as well as land-lines and/or wired
networks or via satellite. If commercial wireless carriers,
such as Sprint™, Nextel™, and Verizon™, are utilized, the
information delivery system has the ability to accommodate
and work with different types of IP addresses, including
static, dynamic, and spoofed addresses. Dynamic and
spoofed IP addresses are typically assigned to mobile
devices. However, this system does not require carriers
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separately to provide dedicated lines and/or fixed IP
addresses. The information delivery system and transceiver
110 check for updates from the information management
system 100 and download the same when present. These
updates can be downloaded as the driver requests or on an
automated basis. The system can be used for example to
send information to the vehicle or to change programming
and/or remotely access the vehicle, even when otherwise
protected by dynamic and spoofed IPs. One example of this
would involve updates to menu items and/or applications,
which can be posted to a central server. The system can then
be set to periodically or upon certain conditions check the
information management system for updates and if present,
download and install the same to itself or other onboard
systems and/or run applications. This can be done despite
the inability of a central computer to communicate with the
vehicles.

The information delivery system is also compatible with
3G and other wireless technologies. 3G technologies are the
third-generation technology in the context of mobile-phone
standards and are associated with wide-area wireless voice
telephony and broadband wireless data.

The data collected and information processed can also be
used to produce several different types of web pages and
reports. A web page can be created for the driving public to
indicate road conditions as well as areas that have been
cleared by snow plows, particular icy areas, areas with
heavy traffic, and other information. An internal web page
could also be created for use by central dispatch to determine
where to allocate certain resources and problem areas that
may require more attention. Such information can be used to
more efficiently deploy vehicles as well as keep an accurate
account of activities.

FIG. 10 illustrates an interface showing a truck centered
local radar with zoom capabilities and FIG. 11 an exemplary
message capable of being received at a vehicle. In FIG. 10,
any of the trucks can be selected and information about that
vehicle displayed. The interface in FIG. 11 can be used to
one or more of sent or receive messages within the system.

Weather Pods

FIG. 5 illustrates the use of weather pods in accordance
with an exemplary embodiment. Weather pucks 140 (in FI1G.
1) and weather pods 505 are available through the informa-
tion delivery system for use in areas where there are no full
weather stations and installing one would be impractical and
cost-prohibitive. The application involves a fixed, instead of
a mobile, application of similar technology and processes to
provide an inexpensive alternative for regions that currently
do not have full weather stations, making accurate data
collection possible in areas that have historically been void
of such data collection. These devices generally contain an
infrared sensor capable of measuring ambient and surface
temperatures, and a modem that allows the device to trans-
mit the collected data back to the information management
system 100. It is possible to add additional sensors, cameras,
and/or other related equipment to the weather pods in order
to enhance the accuracy. The data is sent back to the
information management system 100 where it is displayed
or directly used, or where it is applied to algorithms or
modeling software with other known or separately collected
weather characteristics to enhance interpretation and gener-
ate warnings, monitoring alerts 510, e.g., to one or more of
a vehicle, sign, home or office, phone, etc, and information
enhanced maps 520.

Sensors which typically would require a 12-Volt DC
power source can be powered by the information delivery
system and transceiver 110 or a separate 12-Volt power
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supply or reconfigured to use AC power. These sensors can
be mounted on vehicles or can be stationary. They can be
mounted in places such as the shoulders of the road, over-
head signage, or under bridges or overpasses or in general
any location from which information is desired.

Temperatures could be recorded in the field with a cor-
responding time stamp. The time stamp of the in-field
system, as with the in vehicle system used in the plow
context above, can be automatically synchronized to UTC.
The information could then be transmitted to the information
management system 100. If the system were unable to
establish a network connection, the data could be stored in
the information delivery system and transceiver 110 and
transmitted once a connection could be established.

One exemplary purpose of the weather pods is to collect
basic information (e.g. ambient and surface temperatures)
and transmit the data to the information management system
100 to be processed with other known or collected infor-
mation to provide a more enhanced and accurate depiction
of the different weather conditions at various locations
which will ultimately aid to better predict weather condi-
tions and increase ability to effectively plan and prepare, by
both the road maintenance vehicles and the public at large.

Road and Bridge De-Icing Application

The Road and Bridge De-Icing application is another
example of a stationary embodiment of the information
delivery system. As illustrated in FIG. 1, the road and bridge
de-icer 150 can be remotely controlled to effect road and
bridge de-icing. Data is collected from a myriad of sources
that may include data from weather sensors (e.g., current
temperatures, wind speed, humidity, precipitation), vehicle
sensors (e.g., system liquid levels, engine data, state of snow
blade, camera images, vehicle speed, vehicle routes, driver
information, etc.), external data sources (e.g., traffic,
weather, and other relevant conditions and information). The
de-icing application, in cooperation with one or more of the
de-icing activation module 450 and remote activation and
control module 420, then activates the head sprayers 150
and/or report status back to the information management
system 100.

This information can be displayed on web pages that can
be viewed by personal computers, PDAs, cell phones, and/or
in the road maintenance vehicles. Alerts can also be sent out
via email or text messages to the same devices, as well as via
a call out for a voice alert via telephone or cell phone, or fax
messages. Any of the devices can also be used to manually
send a command to the de-icing activation module to trigger
the de-icing system 150 if desired. Plow drivers and other
authorized personnel can also manually activate the system
via a wireless remote, their display and/or via a switch at the
vault.

Camera images, e.g., 210, can be requested and/or auto-
matically sent upon specified parameters from the field by
attaching a camera to the information delivery system. For
example, video boards can used to provide periodic or
requested still images from the video stream. Images can be
used for remote insight regarding conditions at that location.
Images or video could also be used to assist a vehicle with
a breakdown.

In general, any of the information obtained by or deter-
mined by the system can be sent back for use for internal
maintenance decisions and action, and for the traveling
public and other systems (e.g. public web sites) through an
established network connection to the information manage-
ment system 100.

The information on the information management system
100 can be shared with other client servers (not shown) and
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other information management systems 100. Any computer,
cell phone or PDA, or road maintenance vehicle(s) with the
ability to communicate through an established network, can
access this information. Telephone call systems can generate
alerts as certain types of information are received. The
information can also be directly furnished to other systems
at one or more internal departments or third parties. Appli-
cations on such other systems can in turn use the information
for other purposes.

Data received by the information management system 100
can also be supplemented with data and information from
other sources for processing and/or display and reference.

FIG. 6 illustrates and exemplary flowchart outlining some
of the various functionality of the information management
system 100 and information delivery system 110. In par-
ticular, control begins in step S600 and continues to step
S610. In step S610, data is received from one or more
sources. As discussed, this data can originate with one or
more of a remote mobile source, a remote stationary source,
a video feed, a data feed or other data source such as another
information management system. Next, in step S620, the
data is normalized or synchronized to a common time. Then,
in step S630, the data is analyzed by one or more of a user(s),
an intelligent agent, an expert system, and by the informa-
tion management system. Control then continues to step
S640.

In step S640, the results of the analysis are provided to
one or more destinations. Next in step S650, one or more of
the results, instructions and additional data can be forwarded
to a remote destination. It should also be appreciated that
this information instead of being pushed to the remote
destination could also pulled by a remote destination, such
as a vehicle, from the information management system
automatically or manually. Then, in step S660, a determi-
nation is made whether to start streaming of information. If
information is to be streamed, control continues to step
S670, with control otherwise jumping to step S680.

In step S680, a configuration option is selectable that
allows a user to manage and configure one or more of the
information management system and information delivery
system. If configuration is selected, control continues to step
S690 where configuration is allowed with control otherwise
continuing to step S695 where the control sequence ends. As
with other types of configuration routines, entry thereto can
be user-centric and one or more of password and security
level regulated.

FIG. 7 illustrates an exemplary method of addressing
network unavailability by the information delivery system.
Control begins in step S700 and continues to step S710. In
step S710, information is acquired. This information can be
any information acquired by the information delivery system
and can include user requests for data. Next, in step S720,
a determination is made whether a network link is available.
If a network link is available, control continues to step S730
where one or more of the acquired information and user
requests for data are uploaded and forwarded to the infor-
mation management system. If a network link is not avail-
able, control jumps to step S740.

In step S740, the acquired information is stored and in
step S750 the network link monitored. Then, in step S760,
a determination is made whether a network link is available.
If a network link is available, control continues to step S730
with control otherwise jumping back to step S750.

It should be appreciated that the various functionalities
disclosed herein need not be necessarily associated with the
described graphical user interface, but an additional custom
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graphical user interface could be provided that allows the
various functionality to be selected and status updated.

A number of variations and modifications of the invention
can be used. It would be possible to provide for some
features of the invention without providing others.

The exemplary systems and methods of this invention
have been described in relation to information management.
However, to avoid unnecessarily obscuring the present
invention, the description omits a number of known struc-
tures and devices. This omission is not to be construed as a
limitation of the scope of the claimed invention. Specific
details are set forth to provide an understanding of the
present invention. It should however be appreciated that the
present invention may be practiced in a variety of ways
beyond the specific detail set forth herein.

Furthermore, while the exemplary embodiments illus-
trated herein show various components of the system colo-
cated, certain components of the system can be located
remotely, at distant portions of a distributed network 10,
such as a LAN, cable network, and/or the Internet, or within
a dedicated system. Thus, it should be appreciated, that the
components of the system can be combined in to one or
more devices, such as an information management system,
or collocated on a particular node of a distributed network,
such as an analog and/or digital communications network, a
packet-switch network, a circuit-switched network or a
cable network.

It will be appreciated from the preceding description, and
for reasons of computational efficiency, that the components
of the system can be arranged at any location within a
distributed network of components without affecting the
operation of the system. For example, the various compo-
nents can be located in one or more of the information
management system and information delivery system. Simi-
larly, one or more functional portions of the system could be
distributed between a communications device(s), such as a
PDA, and an associated computing device.

Furthermore, it should be appreciated that the various
links, such as link 5, connecting the elements can be wired
or wireless links, or any combination thereof, or any other
known or later developed element(s) that is capable of
supplying and/or communicating data to and from the con-
nected elements. These wired or wireless links can also be
secure links and may be capable of communicating
encrypted information. Transmission media used as links,
for example, can be any suitable carrier for electrical signals,
including coaxial cables, copper wire and fiber optics, and
may take the form of acoustic or light waves, such as those
generated during radio-wave and infra-red data communi-
cations.

Also, while the flowcharts have been discussed and illus-
trated in relation to a particular sequence of events, it should
be appreciated that changes, additions, and omissions to this
sequence can occur without materially affecting the opera-
tion of the invention.

In yet another embodiment, the systems and methods of
this invention can be implemented in conjunction with a
special purpose computer, a programmed microprocessor or
microcontroller and peripheral integrated circuit element(s),
an ASIC or other integrated circuit, a digital signal proces-
sor, a hard-wired electronic or logic circuit such as discrete
element circuit, a programmable logic device or gate array
such as PLD, PLA, FPGA, PAL, special purpose computer,
any comparable means, or the like. In general, any device(s)
or means capable of implementing the methodology illus-
trated herein can be used to implement the various aspects
of this invention. Exemplary hardware that can be used for
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the present invention includes computers, handheld devices,
telephones (e.g., cellular, Internet enabled, digital, analog,
hybrids, and others), and other hardware known in the art.
Some of these devices include processors (e.g., a single or
multiple microprocessors), memory, nonvolatile storage,
input devices, and output devices. Furthermore, alternative
software implementations including, but not limited to,
distributed processing or component/object distributed pro-
cessing, parallel processing, or virtual machine processing
can also be constructed to implement the methods described
herein.

In yet another embodiment, the disclosed methods may be
readily implemented in conjunction with software using
object or object-oriented software development environ-
ments that provide portable source code that can be used on
a variety of computer or workstation platforms. Alterna-
tively, the disclosed system may be implemented partially or
fully in hardware using standard logic circuits or VLSI
design. Whether software or hardware is used to implement
the systems in accordance with this invention is dependent
on the speed and/or efficiency requirements of the system,
the particular function, and the particular software or hard-
ware systems or microprocessor or microcomputer systems
being utilized.

In yet another embodiment, the disclosed methods may be
partially implemented in software that can be stored on a
storage medium, executed on programmed general-purpose
computer with the cooperation of a controller and memory,
a special purpose computer, a microprocessor, or the like. In
these instances, the systems and methods of this invention
can be implemented as a program embedded on personal
computer such as an applet, JAVA® or CGI script, as a
resource residing on a server or computer workstation, as a
routine embedded in a dedicated measurement system, sys-
tem component, or the like. The system can also be imple-
mented by physically incorporating the system and/or
method into a software and/or hardware system.

Although the present invention describes components and
functions implemented in the embodiments with reference to
particular standards and protocols, the invention is not
limited to such standards and protocols. Other similar stan-
dards and protocols not mentioned herein are in existence
and are considered to be included in the present invention.
Moreover, the standards and protocols mentioned herein and
other similar standards and protocols not mentioned herein
are periodically superseded by faster or more effective
equivalents having essentially the same functions. Such
replacement standards and protocols having the same func-
tions are considered equivalents included in the present
invention.

The present invention, in various embodiments, configu-
rations, and aspects, includes components, methods, pro-
cesses, systems and/or apparatus substantially as depicted
and described herein, including various embodiments, sub-
combinations, and subsets thereof. Those of skill in the art
will understand how to make and use the present invention
after understanding the present disclosure. The present
invention, in various embodiments, configurations, and
aspects, includes providing devices and processes in the
absence of items not depicted and/or described herein or in
various embodiments, configurations, or aspects hereof,
including in the absence of such items as may have been
used in previous devices or processes, e.g., for improving
performance, achieving ease and\or reducing cost of imple-
mentation.

The foregoing discussion of the invention has been pre-
sented for purposes of illustration and description. The
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foregoing is not intended to limit the invention to the form
or forms disclosed herein. In the foregoing Detailed Descrip-
tion for example, various features of the invention are
grouped together in one or more embodiments, configura-
tions, or aspects for the purpose of streamlining the disclo-
sure. The features of the embodiments, configurations, or
aspects of the invention may be combined in alternate
embodiments, configurations, or aspects other than those
discussed above. This method of disclosure is not to be
interpreted as reflecting an intention that the claimed inven-
tion requires more features than are expressly recited in each
claim. Rather, as the following claims reflect, inventive
aspects lie in less than all features of a single foregoing
disclosed embodiment, configuration, or aspect. Thus, the
following claims are hereby incorporated into this Detailed
Description, with each claim standing on its own as a
separate preferred embodiment of the invention.

Moreover, though the description of the invention has
included description of one or more embodiments, configu-
rations, or aspects and certain variations and modifications,
other variations, combinations, and modifications are within
the scope of the invention, e.g., as may be within the skill
and knowledge of those in the art, after understanding the
present disclosure. It is intended to obtain rights which
include alternative embodiments, configurations, or aspects
to the extent permitted, including alternate, interchangeable
and/or equivalent structures, functions, ranges or steps to
those claimed, whether or not such alternate, interchange-
able and/or equivalent structures, functions, ranges or steps
are disclosed herein, and without intending to publicly
dedicate any patentable subject matter.

The invention claimed is:

1. A system comprising:

a server adapted to receive information from:

at least one snow maintenance vehicle-based system,

located in a snow maintenance vehicle, adapted to
forward to the server at least one of road and/or weather
conditions from an area proximate to the snow main-
tenance vehicle;

at least one stationary system adapted to forward to the

server at least one of road and/or weather conditions
from an area proximate to the stationary system;

and wherein said server is further adapted to determine

snow maintenance instructions to send to a user of the
snow-maintenance vehicle; and

wherein the road and/or weather conditions forwarded to

the server by the stationary system are used to refine the
snow maintenance instructions sent to the user of the
snow maintenance vehicle.

2. The system of claim 1, wherein the server receives the
information over a cellular network.

3. The system of claim 1, wherein the server receives the
information over a radio network.

4. The system of claim 1, wherein the server sends the
snow maintenance instructions directly to the user of the
snow maintenance vehicle.

5. The system of claim 1, wherein the snow maintenance
vehicle-based system sends at least one of road and/or
weather conditions to the server over a first communications
link and receives snow maintenance instructions from the
server over a second communications link.

6. The system of claim 1, wherein the snow maintenance
instructions are first provided to a supervisor and the super-
visor relays the snow maintenance instructions to the user in
the snow maintenance vehicle.
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7. The system of claim 6, wherein the snow maintenance
instructions are provided to the supervisor at a non-portable
computer terminal.
8. The system of claim 6, wherein the snow maintenance
instructions are provided to the supervisor at a portable
computer via a wireless signal.
9. The system of claim 6, wherein the supervisor sends the
snow maintenance instructions to the user in the snow
maintenance vehicle orally via a radio signal.
10. The system of claim 1, wherein the snow maintenance
instructions determined for a selected snow maintenance
vehicle are sent to users in a plurality of additional snow
maintenance vehicles.
11. A method comprising:
receiving information at a server from:
at least one snow maintenance vehicle-based system,
located in a snow maintenance vehicle, adapted to
forward to the server at least one of road and/or weather
conditions from an area proximate to the snow main-
tenance vehicle;
at least one stationary system adapted to forward to the
server at least one of road and/or weather conditions
from an area proximate to the stationary system;

determining, by the server, snow maintenance instructions
to send to a user of the snow-maintenance vehicle;

sending the snow maintenance instructions to the user of
a snow maintenance vehicle; and

wherein the road and/or weather conditions forwarded to
the server by the stationary system are used to refine the
snow maintenance instructions sent to the user of the
snow maintenance vehicle.
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12. The method of claim 11, wherein the server receives
the information over a cellular network.

13. The method of claim 11, wherein the server receives
the information over a radio network.

14. The method of claim 11, wherein the server sends the
snow maintenance instructions directly to the user of the
snow maintenance vehicle.

15. The method of claim 11, wherein the snow mainte-
nance vehicle-based system sends at least one of road and/or
weather conditions to the server over a first communications
link and receives snow maintenance instructions from the
server over a second communications link.

16. The method of claim 11, wherein the snow mainte-
nance instructions are first provided to a supervisor and the
supervisor relays the snow maintenance instructions to the
user in the snow maintenance vehicle.

17. The method of claim 16, wherein the snow mainte-
nance instructions are provided to the supervisor at a non-
portable computer terminal.

18. The method of claim 16, wherein the snow mainte-
nance instructions are provided to the supervisor at a por-
table computer via a wireless signal.

19. The method of claim 16, wherein the supervisory
sends the snow maintenance instructions to the user in the
snow maintenance vehicle orally via a radio signal.

20. The method of claim 11, wherein the snow mainte-
nance instructions determined for a selected snow mainte-
nance vehicle are sent to users in a plurality of additional
snow maintenance vehicles.
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