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INTELLIGENT TRANSPORTATION SYSTEM

RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional
application Ser. No. 60/558,720, filed Apr. 1, 2004, entitled
“INTELLIGENT TRANSPORTATION SYSTEM”, the
contents of which are hereby incorporated herein by refer-
ence in its entirety.

FIELD

[0002] This application relates to transportation commu-
nication systems.

BACKGROUND

[0003] 1In 2001 the Federal Communications Commission
(FCC) allocated a 75 MHz Radio Frequency (RF) spectrum
to support Dedicated Short Range Communications
(DSRQC). DSRC is an IEEE standardized protocol that pro-
vides national interoperability for wireless communications
to and from vehicles. DSRC also includes broadband con-
nectivity with the Internet. Thus, development for the infra-
structure needed to support wireless inter-vehicle commu-
nications has been in place for several years.

[0004] Further, as is well known, almost all vehicles
manufactured since the 1980s have contained one or more
microprocessors connected by a communications bus. These
microprocessors can communicate with each other and can
also provide output to, and accept input from, external
sources. Various vehicle components and systems, such as
the engine, brakes, transmission, emissions control system,
and the like in land vehicles may have associated micro-
processors for reporting on and/or controlling the compo-
nent or system. For example, most automobiles and trucks
manufactured today contain microprocessors communicat-
ing on a bus using CAN (controller area network) commu-
nications, as is well known.

[0005] Although information has been used to improve
efficiency of a single vehicle, information has not been used
to improve driving patterns and routes for an entire trans-
portation system. Existing systems do not warn vehicles
directly of hazards on the road, such as ice, snow, rain, oil,
etc. Further, vehicles do not warn each other of known
hazards or road conditions. Systems also don’t exist that
provide wide area warnings to vehicles of environmental
disasters such as chemical spills, fires, or floods. Further,
although some short range systems exist to expedite emer-
gency vehicles, such systems do not warn surrounding
vehicles of the emergency vehicle’s need to progress.
Rather, existing signaling devices may transmit infrared
signals to street lights attempting to coerce a green light for
the emergency vehicle, but disadvantageously fail to com-
municate directly with vehicles in an emergency vehicle’s
path.

[0006] Further, present communications systems are inef-
ficient because they do not limit messages to vehicles within
defined regions of interest, but rather allow such messages
to be transmitted even to vehicles and other receivers for
which the message is of no value. That is, present systems
simply respond when they transmit and receive a message,
rather than making a determination based upon the relative
positions and/or directions of a message sender and a
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message receiver. A system that transmitted warning and
other messages to vehicles for which such messages would
be of value—and only to such vehicles—would thus present
significant advantages over present systems.

[0007] Accordingly, a system is desired for cooperative
communication between vehicles or land-based stations to
facilitate a safe and efficient transportation system. Such a
system would advantageously provide for hazard detection
and warning, emergency vehicle prioritization, and direc-
tional messaging control, including providing for efficient
long distance communication using intelligent repeaters.

SUMMARY

[0008] A node for communications in a transportation
network comprises a processor, a memory, a communication
device, and a set of instructions executable by the processor
for: extracting information from a first message, making a
first determination based at least in part on the information;
and making a second determination as to whether a second
message should be sent based on the first determination.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1illustrates an Intelligent Transportation Sys-
tem (ITS), according to an embodiment;

[0010] FIG. 2 illustrates an ITS message transmitted
between two ITS nodes, according to an embodiment;

[0011] FIG. 3 illustrates an En-route Navigation and Situ-
ation Awareness Module (ENSAM) according to an embodi-
ment;

[0012] FIG. 4 illustrates an ENSAM of FIG. 1 issuing a
drive by wire instruction and a display warning instruction
to a vehicle, according to an embodiment;

[0013] FIG. 5 illustrates detection of a road hazard, and
broadcast of a wireless warning to other vehicles, according
to an embodiment;

[0014] FIG. 6A illustrates an emergency vehicle requiring
a clear lane of traffic that is hindered by blocking vehicles,
according to an embodiment;

[0015] FIG. 6B illustrates the results of a warning being
received by blocking vehicles, according to an embodiment;

[0016] FIG. 7 illustrates a diagram of processor after
receiving an I'TS message to determine if the ITS message
should be processed, according to an embodiment;

[0017] FIG. 8 illustrates a diagram for determining the
significance of an event, according to an embodiment;

[0018] FIG. 9 illustrates a diagram for determining the
proper course of action for a significant event, according to
an embodiment;

[0019] FIG. 10 illustrates an ITS message location packet
based on a common map scheme, according to an embodi-
ment;

[0020] FIG. 11 illustrates an ITS message precision
packet for determining the accuracy of the position infor-
mation in an ITS message transmission, according to an
embodiment;

[0021] FIG. 12 illustrates ITS message retransmission
within an expiration time, according to an embodiment;
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[0022] FIG. 13 illustrates an ITS message packet contain-
ing scope information, according to an embodiment;

[0023] FIG. 14 illustrates the decision process when
receiving a directional message of the I'TS, according to an
embodiment;

[0024] FIG. 15 illustrates a range limit applied to the ITS
message, according to an embodiment;

[0025] FIG. 16 illustrates an ITS action packet containing
information ultimately for use by an ITS node, according to
an embodiment;

[0026] FIG. 17 illustrates an ITS using overlapping map
sectors with common mapping to determine location,
according to an embodiment;

[0027] FIG. 18 illustrates selection of a map sector,
according to an embodiment;

[0028] FIG. 19 illustrates switching from a current map
sector to a new map sector based upon boundaries, accord-
ing to an embodiment;

[0029] FIG. 20 illustrates route checking of sectors using
overlapping region to cross-check routes and positions,
according to an embodiment;

[0030] FIG. 21 illustrates the directional messaging capa-
bility of an ITS, according to an embodiment;

[0031] FIG. 22 illustrates the directional relay capability
of ITS within map sectors;

[0032] FIG. 23 illustrates a dynamic virtual avoidance
marker of an embodiment; and

[0033] FIG. 24 is a chart illustrating ITS message density
at distances approaching an event and distances past an
event.

DETAILED DESCRIPTION

[0034] Introduction

[0035] Disclosed herein is an improvement to present
technology that uses DSRC to enable direct communications
between vehicles, thus providing safer and more efficient
transportation and traffic flow. However, the embodiments
disclosed herein do not require DSRC technology for imple-
mentation.

[0036] FIG. 1 illustrates an Intelligent Transportation Sys-
tem 10 (ITS) according to an embodiment. ITS 10 may
comprise nodes 32 on a wide range of components, includ-
ing automobiles 12, 14, a stationary traffic control 16, a long
haul truck 18, a trailer 20, a train 22, a stationary wide area
node 24, a boat 26, an aircraft 28, and a satellite 30. Vehicles
are defined herein as any device that is not permanently fixed
in three dimensions. As shown in FIG. 1, a node 32 is
connected to a transmitter 34. In general, nodes 32 may be
installed in any vehicle, or placed in more or less any
location. It is to be understood that node 32 may be
permanently installed in a vehicle or location, or may be
removable and installable in other vehicles or locations.
Further, nodes 32 may comprise pre-existing devices, such
as handheld, laptop, or other portable computers, or other
processing devices and/or wireless devices included within
a vehicle.
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[0037] Each node 32 of ITS 10 is designed to communi-
cate with other nodes 32 such that traffic flow and safety can
be improved. For example, stationary traffic control 16 node
32 could provide information to automobile 12, 14 node 32
to reduce speed because ice is detected at an intersection.
Further, stationary wide area node 24 could send messages
to a large geographic region concerning the weather, a
vehicle accident affecting traffic through a wide area, etc.
Although the present application discusses mainly surface
transportation, it is to be understood that it is possible to
have ITS 10 nodes 32 on aircraft 28, boats 26, and satellites
30.

[0038] FIG. 2 illustrates a message 38 transmitted
between two nodes 32 according to an embodiment.
Because nodes 32 are networked, communication between
nodes 32 is at the heart of the ITS 10. A first ITS node 324,
including an En-route Navigation and Situation Awareness
Module (ENSAM) 100 and an RF transceiver and Data Link
110, e.g. a communication device, transmits message 38 to
a second ITS node 32b. Message 38 is a radio frequency
(RF) message encoded with information. Portions of mes-
sage 38, such as a first packet 44 and a second packet 46,
may describe details concerning the transmitting node 324,
the nature of message 38, and the direction message 38 is
intended to travel, etc. Examples of message 38 structure
and contents are provided and explained in detail below with
respect to FIGS. 10-16.

[0039] Many types of message 38 content and formatting
may be used with ITS 10. Embodiments are possible in
which message 38 formats are other than those described
herein. Moreover, message 38 may have a variable message
structure that allows for message 38 to change content and
structure, or be arbitrary in nature. Packets 44, 46, described
in more detail below with respect to FIGS. 7-16, are
transmitted by RF transceiver and Data Link 110, and may
include some or all of the following, but are not limited to:

[0040] Unique identification code—a unique num-
ber, analogous to an Internet Protocol (IP) address on
a computer network, which identifies a device as an
entity operating within ITS 10.

[0041] Classification codes—identify at a primary
level whether, for example, a vehicle is a ground,
rail, marine, or air vehicle. At a secondary level,
classification codes identify the sub-category, such
as a vehicle use, e.g., passenger transport, utility
(e.g., electric company, garbage truck, etc.), emer-
gency vehicle, law enforcement, mass transit, mate-
rials handling/construction, freight and cargo. At a
tertiary level, other information, such as the identity
of cargo (e.g., explosive) or vehicle type or function
(e.g., snow plow) may be given.

[0042] Dynamics data, including:

[0043] Precise location (i.e., latitude and longi-
tude);

[0044] TLocation identified by map routes (i.e.,
roads, intersections, etc.);

[0045] Inertial Measurement Data (tri-axial accel-
eration, angular rate);

[0046] Speed and trajectory (calculated from iner-
tial data) in the case of vehicles;
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[0047] Weight in the case of embodiments utilizing
vehicles;

[0048] Dimensions (length, width, and height);
[0049] Health (i.e., operational status);

[0050] Status (e.g., normal, in distress, emergency,
etc.).

[0051] Tt should be understood that ITS 10 is a network,
and that vehicles participating in ITS 10 are essentially
nodes 32 on the network. That is, vehicles 12, 14, 18, ctc.
communicate with each other through other network nodes
32, ie., through other vehicles 12, 14, 18, etc. However,
stationary structures 16, 24 may also comprise network
nodes 32 as is discussed below. Accordingly, I'TS 10 network
nodes 32 generally comprise repeaters that relay signals to
and from other network nodes 32. Generally, RF transceiver
and Data Link 110 transmits omni-directional packets 44,
46, etc., although broadcasts of packets 44, 46, etc. with
specific directionality are possible, and are sometimes desir-
able. When it is desirable to broadcast packet 44, 46, etc. to
a specific, known destination, or in a specific direction, a
direction vector can be described between the sending and
receiving points, and information relating to the direction
vector can be included in the broadcast packet 44, 46, etc.
When a broadcast reaches a repeater, i.e., another network
node 32, packet 44, 46, ctc. is rebroadcast only when the
repeater lies between the point of origin of packet 44, 46, etc.
and its destination. Examples of directional communication
are provided and discussed in detail with respect to FIGS.
13-15, 22.

[0052] FIG. 3 illustrates En-route Navigation and Situa-
tion Awareness Module (ENSAM) 100 according to an
embodiment. ENSAM 100 is a collection of components, in
some embodiments included on an electronic card, that
resides on board a vehicle. In some embodiments, the
vehicle is an automobile 12 or 14, while in other embodi-
ments the vehicle could be a truck 18, boat 26, aircraft 28,
heavy equipment, train, etc. As mentioned above, embodi-
ments described herein generally pertain to land vehicles,
but it is to be understood that the claimed invention may also
be practiced in all types of vehicles in addition to all types
of land vehicles.

[0053] According to an embodiment, ENSAM 100
includes the following components: a Satellite Navigation
Receiver 102, an Inertial Measurement Unit 104, e.g. posi-
tion sensors, a processor 106 with a memory 108, RF
transceiver and Data Link 110, a Vehicle Network 112, and
a power supply 114. RF transceiver and Data Link 110 sends
and receives signals to and from a Remote Satellite Antenna
116 and a Remote RF Antenna 118.

[0054] Satellite Navigation Receiver 102 is generally a
Global Navigation Satellite System (GNSS) receiver or
some similar receiver known to those skilled in the art.
Satellite Navigation Receiver 102 generally utilizes known
satellite navigation technologies such as a Wide Area Aug-
mentation System (WAAS) or similar technologies such as
the Global Positioning System (GPS).

[0055] Inertial Measurement Unit 104, known by those
skilled in the art, provides high resolution situational aware-
ness of a vehicle’s acceleration and angular velocity through
the use of dual tri-axial integrated accelerometers and angu-
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lar rate measurement units. Accordingly, it is understood that
inertial measurement unit 104 provides inertial data in Six
Degrees of Freedom.

[0056] Inertial measurement unit 104 can be used to
augment Satellite Navigation Receiver 102, which may lose
signals when a vehicle goes through tunnels, under bridges,
or near tall buildings or other structures. Thus, data from
Satellite Navigation Receiver 102 and Inertial Measurement
Unit 104 can be integrated to obtain the most accurate
position and velocity data possible. Inertial Measurement
Unit 104 can function alone when the signal from Remote
Satellite Antenna 116 is lost; when a signal is regained,
Satellite Navigation Receiver 102 and Inertial Measurement
Unit 104 can be programmed to automatically calibrate and
synchronize with each other as necessary.

[0057] 1t should be noted that, although Satellite Naviga-
tion Receiver 102 and RF transceiver and Data Link 110 are
shown on FIG. 1 as separate components, in some embodi-
ments they could be combined inasmuch as they both
perform a communications function. In other embodiments,
Satellite Navigation Receiver 102 could be connected to RF
transceiver and Data Link 110 to receive signals received
from Remote Satellite Antenna 116. Similarly, in some
embodiments, Satellite Navigation Receiver 102, which
comprises a processor and a memory, could be combined
with processor 106 and memory 108.

[0058] Processor 106 and memory 108 could be any of a
number processors and memory and/or micro-computer
systems that are known in the art. Memory 108 comprises a
read only memory (ROM) that stores instructions executable
by processor 106, including control heuristics for determin-
ing directives to be executed, or information such as warn-
ings to be given, by a vehicle. Alternately, memory 108
could comprise other kinds of memory such as RAM,
FLASH, or EEPROM.

[0059] RF transceiver and Data Link 110 comprises an
on-board radio transceiver capable of communicating with
radio transceivers on board other vehicles or with fixed
locations. Essentially, RF transceiver and Data Link 110
function as a network node, a network router, and a com-
munications repeater. The primary function of RF trans-
ceiver and Data Link 110 is to transmit and receive real-time
operational and event data, including information, warnings
and alerts, relating to a vehicle or to traveling conditions
such as the condition of a roadway. Accordingly, RF trans-
ceiver and Data Link 110 is capable of receiving ITS
information, warnings, and alerts from other vehicles or
fixed locations that are part of ITS 10. RF transceiver and
Data Link 110 may also have the ability to adjust power
output in order to selectively communicate at short range, or
alternatively, boost power to send messages over long dis-
tances.

[0060] Vehicle network 112 generally comprises a net-
work such as a controller area network (CAN) or any other
type of communications network in a vehicle that is among
those known to those skilled in the art. Any known vehicle
network may be used in practicing the invention. Power
supply 114 in some embodiments is a DC power supply.
Remote Satellite Antenna 116 and Remote RF Antenna 118
are part of an existing global telecommunications infrastruc-
ture, and as such are well known to those skilled in the art.
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[0061] Generation of Information, Warnings, Vehicle
Instructions, and Drive by Wire Instructions

[0062] FIG. 4 illustrates an ENSAM 100 issuing direc-
tives over a vehicle bus 50 in the form of a wvehicle
instruction 52 or an information instruction 54 such as a
warning within a specific vehicle. In the example, vehicle
instruction 52 and information instruction 54 are shown in
combination with automobile 12. In general, ENSAM 100
receives message 38 and determines an action in response to
message 38. Examples of such decision making are provided
and discussed in detail below with respect to FIGS. 7-9.

[0063] Information instruction 54 may be used to send
information to various electronic control units (ECU’s) may
display information or sounds to persons in the vehicle or to
ECU’s that are not readily perceivable. Information instruc-
tion 54 sent to the ECU’s could be simple information such
as time, date, temperature etc. or it may be more detailed
information such as wheel speed, or angular acceleration.
Alternately information instruction 54 may be a warning to
be displayed to the driver with visual our sound as the
warning.

[0064] Vehicle instruction 52 may be used to compel a
vehicle to take an action, refrain from an action, or to wait
for further instructions. Vehicle instruction 52 could cause a
vehicle to stop, turn, accelerate, or hold position. Alternately,
vehicle instruction 52 could be a high level navigation
function instructing the vehicle to assume a certain route or
destination.

[0065] Briefly, in the embodiment shown in FIG. 4,
ENSAM 100 is connected to automobile 12, and determines
that both vehicle instruction 52 and information instruction
54 are to be issued. ENSAM 100 then transmits vehicle
instruction 52 along vehicle bus 50, which is connected to
vehicle network 112 of ENSAM 100, where the vehicle
instruction 52 is received by an ECU, known to those skilled
in the art, in vehicle 12. The ECU is programmed to cause
vehicle wheels 56 to immediately respond to vehicle instruc-
tion 52, in this case a drive by wire instruction, by turning.
Information instruction 54 is similarly transmitted on
vehicle bus 50. A navigation display 60 receives information
instruction 54, and displays the appropriate information
symbol 58 and/or other information provided by message
38.

[0066] Event Detection and Reporting

[0067] Those skilled in the art will recognize that when
vehicle 12, 14, 18, etc. is in operation, a wealth of infor-
mation is generally available over vehicle network 112. For
example, vehicle network 112 generally makes available, in
real or near real time, information regarding the state of
numerous vehicle components, including engine, brakes,
and emissions, to name a few. Further, it will be understood
that almost any vehicle 12, 14, 18, etc. component can be
monitored and reported on using an appropriate sensor in the
vehicle 12, 14, 18, etc., information provided by such
sensors being made available over vehicle bus 50. Further,
vehicle sensors can be deployed to detect events external to
the vehicle 12, 14, 18, etc. For example, vehicle sensors
could be used to detect potholes, bumps, or other variations
in road conditions.
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[0068] Accordingly, when certain events are detected,
processor 106 is programmed to selectively report the event
to other vehicles based on such events. For example, a
sensor might detect a loss of pressure in a lubrication system
and report this event to processor 106, which in turn is
programmed to recognize that this event means there is a
very high probability that a lubricant has been spilled on the
road, creating hazardous conditions for other vehicles.
Accordingly, processor 106 causes RF transceiver and Data
Link 110 to transmit this information to other vehicles that
may be at risk, in this case lagging vehicles behind the
vehicle containing processor 106 that has caused informa-
tion to be transmitted. Similarly, highway maintenance
crews may be automatically sent information relating to
vehicle events so they can react, e.g., by proceeding to clean
up roadways. Other examples of events include, but are far
from limited to, the approach of law enforcement or rescue
vehicles, sudden changes in speed of surrounding vehicles,
vehicles or other large objects located near the side of a
roadway, changing weather conditions, loads shifting in
transport equipment such as tractor-trailers, etc. Examples of
events that may be reported to other vehicles are provided
and discussed in detail with respect to FIGS. §, 6A, and 6B.

[0069] Certain steps that may be executed in processor
106 are described in further detail below. However, in
general, steps that might be executed in processor 106
include the following:

[0070] 1. Record some event, e.g., position, speed,
health, or some external event such as a pothole or
car 12, 14 pulled over by the side of the road.

[0071] 2. Determine the significance of the event,
e.g., should the vehicle slow down, speed up, or stop.

[0072] 3. Determine whether to send message 38 to
other vehicles or nodes 32, and if so, determine the
direction in which message 38 should be sent, that is,
to all vehicles on the road, to select vehicles ahead,
or to vehicles behind.

[0073] 4. Send message 38 if warranted.

[0074] 5. Act on the determination of step 2 by
issuing a directive within one or more vehicles.

[0075] The directive may include information instruction
54 or vehicle instruction 52 to automatically cause the
vehicle to take some action such as braking or speeding up.

[0076] Alternatively, step 1 above could comprise proces-
sor 106 receiving message 38 comprising an event or
warning, in which case step 3 would comprise determining
whether message 38 should be rebroadcast (and if so, in
what direction or directions). Further, in some embodiments,
message 38 received could itself be a directive such as a
drive-by-wire instruction, in which case processor 106 may
be configured simply to execute the drive-by-wire instruc-
tion, or processor 106 may be configured to determine
whether the drive-by wire instruction should be executed.

[0077] FIG. 5 illustrates detection of a road hazard 206
and broadcast of a wireless warning 209 to notify other
vehicles of road hazard 206. A detecting vehicle 200 detects
road hazard 206 via sensors and transmits wireless warning
209. Vehicles 12, 14, 18, etc. within a zone of danger 204
receive the wireless warning 209 and respond appropriately.
The response by ENSAM 100 within hazarded vehicle 208
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may be to produce wireless warning 209 to the driver, or the
response may be to reduce the speed of vehicle 208 as
appropriate. Although wireless warning 209 is physically
transmitted omni-directionally, FIG. 6A illustrates how
reception of wireless warning 209 is directional in nature.
Thus, an uninterested vehicle 202 does not respond to
wireless warning 209. However, because a hazarded vehicle
208 is approaching road hazard 206, the hazarded vehicle
208 does receive wireless warning 209 and respond to road
hazard 206. The directional nature of wireless warning 209
is explained below in further detail with respect to FIGS.
13-15, 22.

[0078] FIG. 6A specifically illustrates an emergency
vehicle 210 requiring a clear lane of traffic that is hindered
by blocking vehicles 212 and 214. Blocking vehicles 212,
214 impede progress of emergency vehicle 210 and should
move to the right to provide a clear lane. In this case,
emergency vehicle 210 provides a high priority warning to
all vehicles ahead which signals them to provide an open
lane. Here, slower vehicles 213 and 215 are spaced at a safe
following distance and provide gaps 216 and 218. As
blocking vehicles 212, 214 receive the high priority warn-
ing, their ENSAMSs 100 respond by warning the driver of the
approaching emergency vehicle 210. However, ENSAM
100 in each of blocking vehicles 212, 214 may also provide
a direct vehicle instruction 52, such as a drive-by-wire
instruction, to vehicle network 112 commanding a lane
change.

[0079] FIG. 6B illustrates the results of wireless warning
209 being received by blocking vehicles 212 and 214.
Blocking vehicles 212, 214 are merged with slower traffic
213, 215, thereby clearing an open lane 220 for emergency
vehicle 210 as described above in FIG. 6A. Further, ITS 10
also provides for the merging operation to be performed
without slowing traffic. That is to say, emergency vehicle
210 may pass blocking vehicles 212, 214, and also slower
vehicles 213, 215, without appreciably slowing down traffic.
If, for example, emergency vehicle 210 was required to turn
ahead of blocking vehicles 212, 214, the high priority
message 38 sent may include a directive to slow or stop
traffic so that the turn could be accomplished more effi-
ciently.

[0080] FIG. 7 provides a process flow for a processor 106,
according to an embodiment, after receiving message 38 to
determine whether and/or how message 38 should be pro-
cessed. Processor 106 is programmed to analyze and
respond to messages 38 received from other ITS nodes 32.
When RF transceiver and Data Link 110 receives a trans-
mission, packets 44, 46 comprising the transmissions are
parsed by processor 106 to determine if message 38 con-
taining information concerning an event has been received.
Assuming that message 38 contains event information has
been received, processor 106 must determine whether to (1)
ignore message 38, (2) communicate specific information,
such as information instruction 54, based on message 38, or
(3) generate vehicle instruction 52, such as a drive-by-wire
instruction, based on message 38. Accordingly, processor
106 is generally provided with instructions for determining
which of these three courses to follow upon receipt of
message 38.
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[0081] Processor 106 may determine that a received mes-
sage 38 does not require information instruction 54 or
vehicle instruction 52 to be given or any action to be taken.
To continue the example given above, suppose a first car on
a highway receives message 38 that a second car, behind the
first car, may have leaked lubricating fluid onto the highway.
In this case, the first car, based upon an analysis of its speed
and position relative to the second car, would need to take
no precautionary action based on the second car’s leakage of
lubricating fluid. Accordingly, for leakage events, processor
106 would be programmed to determine the relative location
of vehicles before determining whether to issue information
instruction 54 or generate vehicle instruction 52.

[0082] Accordingly, certain embodiments discussed
herein use the high level process depicted in FIG. 7 for
reading messages 38. The high level process may be used to
determine if the receiving node 32 is the intended node 32
for receiving message 38. In step 1100, the process reads
message 38 from the RF transceiver and Data Link 110.

[0083] Instep 1102, the process determines if message 38
is of any interest. For example, if message 38 concerns a
road hazard 206 that vehicle 12, 14, 18, etc. has passed, it
will not be of interest. On the other hand, road hazards 206
ahead of vehicle 12, 14, 18, etc. would be of interest. If
message 38 is of interest, control proceeds to step 1104.
Otherwise, the process ends.

[0084] In step 1104, message 38 is processed. Processing
of message 38 may include communicating specific infor-
mation or an instruction as described above. Message pro-
cessing 1104 may also include any other sub-process per-
formed by processor 106 that uses information contained in
message 38. Thus, message processing 1104 may include
includes significance testing, threshold testing, repeater
functionality. These separate processes are explained in
detail below with respect to FIGS. 7-16

[0085] The process described in FIG. 7 ends following
step 1104.

[0086] FIG. 8 illustrates a diagram for determining the
significance of an event, according to certain embodiments.
In step 1200, the process gets an event, which may be
message 38, an event generated by automobile 12 or 14, or
by ENSAM 100, etc.

[0087]

[0088] In step 1204, processor 106 checks a value
assigned to the event against a predetermined threshold to
determine whether the event is significant. For example,
processor 106 might be programmed to consider any event
assigned a value greater than “6” on a “10” point scale to be
significant. To continue the example, the necessity of vehicle
210 to pass, as illustrated in FIG. 6A above, might be
assigned a value of “10”, while a minor pothole might be
assigned a value of “2”. If the event is greater than the
threshold, control proceeds to step 1206; otherwise, the
process ends.

[0089] In step 1206, processor 106 continues to process
the event since the event has been determined to be signifi-
cant. Processing an event may include generating message
38, or a communication, such as vehicle instruction 52, or
information instruction 54.

In step 1202, the event is recorded to memory 108.
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[0090] For example, a vehicle may comprise a display
connected to processor 106. When receiving notification of
an event, processor 106 may cause information instruction
54 (e.g. warning) to be displayed to the user, e.g., “OIL
SLICK AHEAD” before displaying such a warning, proces-
sor 106 would have first determined that the reported event
was relevant to the vehicle. For example, a first car behind
a second car on a highway would be affected when the
second car leaked lubricating fluid onto the highway. As
noted above, for leakage events, processor 106 would be
programmed to determine the relative location of vehicles
before determining whether to issue information instruction
54.

[0091] To take another example of processing conducted
in step 1206, in some embodiments processor 106 may
determine that a drive by wire instruction should be gener-
ated based on a received message 38. A drive by wire
instruction is sent from processor 106 via vehicle network
112 to a vehicle component, generally to alter vehicle speed,
position, and/or direction. For any component configured to
receive drive by wire instructions the mechanical links
between control input and the component being controlled
have been removed and replaced by input sensors, intelli-
gent actuators, and feedback systems. For example, making
a steering column responsive to drive by wire instructions
would mean that the vehicle would be controlled by actua-
tors and feedback mechanisms rather than by mechanical
driver inputs to the steering column via the steering wheel.
A control heuristic executed by processor 106 would provide
optimal inputs to apply all critical systems. In general, drive
by wire instructions may be sent to components in three
categories: throttle, steering, and brakes. Accordingly, it is
possible to achieve complete integration of engine control,
anti-lock brake, traction control, torque management, sta-
bility management, and thermal management systems.

[0092] To continue the example used above, upon receipt
of message 38 that lubricating fluid may have been spread on
the road ahead, processor 106 may be programmed to
decrease vehicle speed to below a safe threshold, or to
change lanes to avoid the lane onto which lubricating fluid
had been leaked. In this way, processor 106 directs what may
be referred to as preemptive and predictive cruise control.

[0093] The process ends following steps 1204 or 1206.

[0094] FIG. 9 illustrates a diagram for determining the
proper course of action for a significant event, according to
an embodiment. In step 1300, notification of an event is
received from ENSAM 100. Control proceeds to step 1302.

[0095] Instep 1302, the process checks a value associated
with the event against a predetermined messaging threshold,
e.g., a threshold such as described above regarding step
1206. The purpose of the predetermined threshold described
with respect to this step is to allow a determination as to
whether message 38 should be sent. Accordingly, if the event
value is greater than the predetermined threshold, control
proceeds to step 1304. Otherwise, control proceeds to step
1308.

[0096] In step 1304, the process composes message 38 to
be sent from ENSAM 100 via RF transceiver and Data Link
110. Control proceeds to step 1306.

[0097] In step 1306, RF transceiver and Data Link 110
transmits message 38. Control proceeds to step 1308.
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[0098] Instep 1308, the process checks a value associated
with the event against a predetermined information instruc-
tion 54 threshold, e.g., a threshold such as described above
regarding step 1206. The purpose of the predetermined
threshold described with respect to this step is to allow a
determination as to whether an internal communication,
providing information to a user interface, such as informa-
tion instruction 54, should be generated. Accordingly, if the
event value is greater than the information instruction 54
threshold, control proceeds to step 1310. Otherwise, control
proceeds to step 1312.

[0099] In step 1310, the process composes and transmits
information instruction 54 via Vehicle Network 112. Control
proceeds to step 1312.

[0100] Instep 1312, the process checks a value associated
with the event against a predetermined vehicle instruction 52
threshold, e.g., a threshold such as described above regard-
ing step 1206. The purpose of the predetermined threshold
described with respect to this step is to allow a determination
as to whether vehicle instruction 52, such as a drive-by-wire
instruction, should be issued. Accordingly, if the event value
is greater than the vehicle instruction 52 threshold, control
proceeds to step 1314. Otherwise, the process ends.

[0101] In step 1314, the process composes and sends
vehicle instruction 52 via Vehicle Network 112, which is
connected to one or more vehicle busses 50. The process
ends following step 1314.

[0102] FIG. 10 illustrates message 38 a location packet
238 based on a common map scheme, according to an
embodiment. As part of message 38, location packet 238
includes one or more of a top level domain (TLD) 240, a
map set identifier 242, a sector identifier 244, a locality
identifier 246, and a route identifier 248 (route ID). TLD 240
may be used to determine what canonical mapping system
the ENSAM 100 is using as a reference for the location. A
canonical mapping system will be understood by those
skilled in the art, and is simply a common set of geographi-
cal references used by each ENSAM 100. A canonical
mapping system allows a first ENSAM 100 to communicate
its position effectively to a second ENSAM 100 such that the
position of the first ENSAM 100 is understood by the second
ENSAM 100. The mapping system may be stored on each
ENSAM in part or in whole. The canonical mapping system
may also be stored in databases accessible to ITS 10 nodes
32. A canonical mapping system according to certain
embodiments is described below in detail with respect to
FIGS. 17-20.

[0103] Map set identifier 242 may be used to determine
which map references should be used to compare the current
position information of node 32 with the position informa-
tion embedded in the remaining message 38 packets. Further
reducing the position of the reference location are sector
identifier 244 and locality identifier 246. These may be used
to further discriminate the general location the message 38
sender or the hazard identified in message 38.

[0104] Route ID 248 may also be included as a reference
to a particular road and may also include a direction indi-
cator to discriminate what side of the road is being addressed
or a location along the road, i.e. a mile marker. In a canonical
mapping scheme, so long as the TLD 240 and/or map set
identifier 242 are recognized by ENSAM 100, the unique
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route ID 248 and other information fully describes the
location and situation of the transmitting node 32. In this
way, a more complete description of vehicle 12, 14, 18, etc.
and/or hazard 206 may be transmitted in message 38 along
with absolute latitude and longitude information.

[0105] Alternately, rather than describe location packet
238 with top level domain (TLD) 240, map set identifier
242, sector identifier 244, locality identifier 246, and route
identifier (route ID) 248, nothing more than latitude and
longitude information may be transmitted in location packet
238. Receiving node 32 may then interpret the location data
based upon its own mapping scheme. Although not illus-
trated in FIG. 10, message 38 location packet 238 may also
include a unique identifier describing RF transceiver and
Data Link 100.

[0106] FIG. 11 illustrates message 38 having a precision
packet 250 for determining the accuracy of the position
information in a message 38 transmission. Precision packet
250 includes a location precision 252, an original message
time 254, and a time of the current message 256. Location
precision 252 provides precision information that allows for
the receiver of message 38 to determine how accurate the
location packet 238 data is. Examples of precision informa-
tion may include “high precision” based on differential GPS,
known to those skilled in the art, or “low precision” based
on long-term inertial navigation, also known to those skilled
in the art. A receiving node 32 may use location precision
252 to address whether information instruction 54 applies to
the receiver or how large the area of interest message 38
relates to. If message 38 applies to a pot-hole on a road, a
higher level of precision may be required to determine
which lane(s) of the roadway are affected. However, if
information instruction 54 is of an airborne chemical spill,
lower levels of precision would still have value.

[0107] Original message time 254 may be included to
determine if the received message 38 was originally sent too
long ago to be useful. That is to say that message 38 has
become “stale.” Time of the current message 256 may be
sent alternatively by the transmitter of message 38 or could
be injected by the receiver of message 38. If, for example,
each ENSAM 100 node 32 is set up to repeat a hazard
warning, the warning should eventually expire.

[0108] FIG. 12 illustrates message 38 retransmission
within an expiration time, according to some embodiments.
Certain embodiments use the process outlined in FIG. 12 for
determining the time-based expiration of message 38. In
step 1350, the process gets message 38. Control proceeds to
step 1352.

[0109] In step 1352, the processor extracts the original
transmit time and a predetermined expiration, or “staling”
time, from message 38. Control proceeds to step 1354.

[0110] In step 1354, the processor makes a second deter-
mination and adds the original transmit time with the staling
time and compares the sum to the current time. If the sum
is greater than the current time, control proceeds to step
1358. Otherwise, control proceeds to step 1356.

[0111] Instep 1356, the processor prevents retransmission
of message 38 due to time staling. That is to say, message 38
has outlived its intended time duration. The process ends
following step 1356.
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[0112] In step 1358, message 38 is processed, e.g., as
described above. Control proceeds to step 1360.

[0113] In step 1360, the processor retransmits message 38
if appropriate, behaving as a repeater. The process ends
following step 1360.

[0114] Further expanding upon the retransmission of mes-
sage 38, the retransmitted message may be an exact dupli-
cate of the original or message 38 may be modified and
retransmitted depending upon the content of the message
received and the repeaters condition. The retransmitted
message may include, position information, directional
information, range information, time information, warning
information, map information, text information, and traffic
condition information, whereby a yet another node 32 may
determine if the message should be repeated. The decision
making steps for retransmission may be applied to any
information contained in message 38 or a combination of
message 38 information with the receiving time and/or
geographic characteristics of the repeating node.

[0115] FIG. 13 illustrates a scope packet 260, pertaining
to the scope of message 38 or the information contained
therein, according to an embodiment. Scoping packet 260 is
used to describe how far message 38 should be allowed to
propagate geographically from an originating node 32, and/
or in what direction message 38 should propagate. Scoping
data prevents message 38 from being repeated outside the
intended area or for longer than an intended time. Using both
directionality and time, message 38 becomes stale and no
longer is repeated when the receiver is outside of the
intended geographic range and/or when the time expires.
Vehicles 12, 14, 18, etc. within an ITS 10 decode message
38 and no longer repeat message 38 if appropriate. For
example, if message 38 is a distress signal, a direction
indicator 262 may be set to omni-directional. On the other
hand, if message 38 is to warn a driver of a hazard on divided
highway, direction indicator 262 may be set to only propa-
gate behind the transmitting vehicle in order to only warn
upstream vehicles. Direction indicator 262 may include
compass directions such as North, South, East, and West,
and combinations thereof, and also up-stream and down-
stream indicators based on the route ID 248, or the omni-
directional setting.

[0116] A range indicator 264 is further utilized to curb the
extent, or distance, message 38 is allowed to propagate in the
network. Contrasted with precision packet 250, which, as
described above, is used to determine the accuracy of a
position location, range indicator 264 is used to determine at
what distance from a location that message 38 should be
used. For example, a warning of a pot-hole is not needed a
hundred miles away. Only traffic localized to such a simple
hazard need be warned. However, a chemical spill may be
omni-directional with a large radius to warn travelers of the
hazard. Further, a vehicle type 266 indicator may be used to
filter what type of vehicle for which message 38 is intended.
Message 38 could be intended for consumption for, and thus
only received by, a light-weight vehicle, truck 18, car 12 or
14, airplane 28, boat 26, etc.

[0117] FIG. 14 illustrates a decision process when receiv-
ing a directional message 38, according to certain embodi-
ments. In step 1370, the process receives message 38.
Control proceeds to step 1372.
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[0118] In step 1372, the process extracts the original
location and direction from message 38. The location may
be the location of an event, location of a hazard, location of
vehicle 12, or the location of the transmitting node 32.
Control proceeds to step 1374.

[0119] In step 1374, the process gets the current position
from the External/Internal Navigation System, e.g. Satellite
Navigation Receiver 102 and/or Inertial Navigation Unit
104. Control proceeds to step 1374.

[0120] In step 1376, the process makes a first determina-
tion and checks if the direction of the current position of the
present node 32 with respect to the origin of message 38 is
the same as the direction in which message 38 was traveling
when received. Step 1376 may also compare the location of
the event, extracted in from message 38 step 1374, to a
geographic characteristic of the node 32. The geographic
characteristics include, but are not limited to, the position of
node 32 and a direction of node 32 relative to another
location that may include the event location. If so, control
proceeds to step 1378. Otherwise, the process ends.

[0121] In step 1378, message 38 is processed, e.g., as
described above. The process ends following step 1378.

[0122] FIG. 15 illustrates a range indicator 264 applied to
message 38, according to certain embodiments. In step
1400, the process receives message 38. Process control
proceeds to step 1402.

[0123] In step 1402, the process extracts the original
senders’ position and range indicator 264, and the maximum
distance from that original senders’ position at which mes-
sage 38 is supposed to be accepted. Control proceeds to step
1404.

[0124] In step 1404, the process gets the current position
from Satellite Navigation Receiver 102 and Inertial Navi-
gation Unit 104. Control proceeds to step 1406.

[0125] In step 1406, the processor makes a second deter-
mination and checks if the distance from the original send-
ers’ position and the current position is less than range
indicator 264. If so, control proceeds to step 1410. Other-
wise, control proceeds to step 1408.

[0126] Instep 1408, the processor prevents retransmission
of message 38. The process ends following step 1408.

[0127] In step 1410, message 38 is processed, e.g., as
described above. Control proceeds to step 1412.

[0128] Instep 1412, the processor retransmits message 38
if appropriate, acting as a repeater. The process ends fol-
lowing step 1412.

[0129] FIG. 16 illustrates an action packet 270 containing
information ultimately for use by node 32, according to an
embodiment. A message type 272 identifier, a priority iden-
tifier 274 and an action identifier 276 may be included in
action packet 270. An original sender of action packet 270
encodes the pertinent data into action packet 270, included
in message 38, based upon detected conditions, e.g., hazards
206. For example, if the condition were a pot-hole, message
type 272 may be set to a “warning.” However, if the
condition were a severe accident, message type 272 may be
set to “emergency.” Further, details such as traffic density
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may be encoded as “informational.” Although it would
appear that message type 272 could be used to indicate
criticality, that function is generally reserved for priority
identifier 274 that encodes and delineates the importance of
the message. It should be understood that node 32 may
ultimately determine the significance of message 38 based
on a combination of inputs.

[0130] FIG. 17 illustrates use of overlapping map sectors
with common mapping schemes to determine location,
according to certain embodiments. A target sector 280 is
adjacent to sectors 282, 284, and 286. An overlapping region
288 may be used to verify map integrity and reduce sector
switching by nodes 32. By using overlapping region 288, a
particular node 32 may reduce sector switching if traveling
along the sector boundary by using simple hysteresis pro-
vided by overlapping region 288. An abscissa overlap dis-
tance A represents an overlap of from target sector 280 to
adjacent sectors 282, 284 along the abscissa, or “x” axis, of
the map as shown. Similarly, an ordinate overlap distance B
represents an overlap of from target sector 280 to adjacent
sectors 284, 286 along the ordinate, or “y” axis, of the map
as shown. Abscissa overlap distance A or ordinate overlap
distance B may be adjusted as necessary to provide for map
integrity verification or to adjust ITS sector position hyster-
esis as necessary.

[0131] Route checking may be accomplished using over-
lapping region 288 to cross-check routes and positions. If
routes do not match when adjacent sectors are compared, in
this case target sector 280 and sector 282, then a navigational
error may be detected and appropriate action taken. When a
route mismatch occurs, node 32 may send message 38 to
instruct other vehicles around it of the problem and report
the mismatch to a central location providing surveying
capability to update I'TS maps automatically for nodes 32 in
an ITS 10. Node 32 determining the mismatch may also
request map updates and recheck map integrity to determine
if there is a fault in the map system, ENSAM 100, or some
other module. As mapping systems become more advanced
and accurate, the overlaps A, B may be reduced. However,
overlaps A, B may still be desirable to provide map position
hysteresis as described above.

[0132] FIG. 18 illustrates selection of a target sector 280,
according to an embodiment. In step 1440, an absolute
position according to a canonical mapping scheme, possibly
a latitude and longitude, is received from Satellite Naviga-
tion Receiver 102 and Inertial Navigation Unit 104. Control
proceeds to step 1442.

[0133] Instep 1442, the process compiles a list of adjacent
map sectors based upon the absolute position received in
step 1440. Control proceeds to step 1444.

[0134] In step 1444, the process determines the geo-
graphic center of each map sector and calculates the distance
from the absolute position and the geographic center for
each sector. Control proceeds to step 1446.

[0135] In step 1446, the process chooses the map sector
with the shortest distance calculated in step 1444. The
process ends following step 1446.

[0136] FIG. 19 illustrates switching from a current map
sector to a new map sector based upon boundaries. Accord-
ingly, embodiments discussed herein use the process out-
lined in FIG. 19 for switching map sectors. In step 1460, the
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process gets the absolute position from Satellite Navigation
Receiver 102 and Inertial Navigation Unit 104 and the
current sector boundaries. Control proceeds to step 1462.

[0137] In step 1462, the process determines whether the
absolute position determined in step 1440 lies outside of the
current sector boundary. If so, control proceeds to step 1464.
Otherwise, the process ends.

[0138] In step 1464, the processor determines the geo-
graphic center of each map sector and calculates the distance
from the absolute position and geographic center, each
determined as described above, for each sector. The process
ends following step 1464.

[0139] FIG. 20 illustrates route checking of sectors using
overlapping region 288 to cross-check routes and positions,
according to certain embodiments. In step 1480, the process
determines the common mapping scheme. Control proceeds
to step 1482.

[0140] In step 1482, maps for any overlapping regions of
the current map sector are determined. For example, a
processor 106 might determine such maps by accessing
memory 108. Control proceeds to step 1844.

[0141] Instep 1484, the process compares the map sectors
at the overlapping regions. Control proceeds to step 1486.

[0142] In step 1486, the process checks if the routes and
landmarks match in the overlapping regions. If so, the
process ends. Otherwise, control proceeds to step 1488.

[0143] In step 1488, the process requests updated maps.
The process ends following step 1488.

[0144] FIG. 21 illustrates the directional messaging capa-
bility within an ITS 10, according to certain embodiments.
A detecting vehicle 300 travels along a hazarded roadway
302 where a hazard event 320 threatens vehicular traffic.
Upstream vehicles following detecting vehicle 300 are
within in a hazarded region 308. An opposite roadway 304
carries an uninterested vehicle 306, unaffected by hazard
event 320 along hazarded roadway 302. After detecting
vehicle 300 detects hazard event 320, detecting vehicle 300
transmits a hazard warning message 38 within a messaging
area 310. All vehicles within messaging area 310 receive the
hazard warning message 38 but some do not act upon it.
Vehicles traveling downstream of detecting vehicle 300 on
hazarded roadway 302 are not concerned with hazard event
320 and do not react to the hazard warning message 38
because they have already past hazard event 320. Uninter-
ested vehicle 306 on driving on opposite roadway 304 also
does not react to the hazard warning message 38 because
hazard 320 is neither within the path of, nor does it threaten
uninterested vehicle 306. There is no threat to uninterested
vehicle 306 because the hazard lies on a different roadway,
hazarded roadway 302. However, vehicles within hazarded
region 308 parse message 38 and take appropriate action to
avoid hazard event 320 because hazard 320 is within their
immediate and/or future path.

[0145] FIG. 22 illustrates the directional relay capability
nodes 32 within map sectors, according to certain embodi-
ments. Suppose a detecting vehicle 330 is within a map
sector 340 and has detected a serious hazard such as chemi-
cal spill. Detecting vehicle 330 includes processor 106 that
is programmed to transmit messages 38 according to the
nature of the hazard. The location of a nearest stationary
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base 350 downwind of the chemical spill is known by
detecting vehicle 330. Stationary base 350 is warned of the
event so that stationary base 350 can retransmit the warning
message 38 over a wide range. Detecting vehicle 330, who
knows the location of stationary base 350, sends a direc-
tional message 38 to provide stationary base 350 with the
event information. In this case, detecting vehicle 330 sends
message 38 with the target receiver information and direc-
tion information encoded into message 38. Because station-
ary target 350 is outside of the range of detecting vehicle
330, a repeater vehicle 354 receives message 38, and pro-
cessing occurs within repeater vehicle 354 to determine
whether to retransmit message 38 (as discussed above
regarding see FIGS. 14-15) based on the relative location of
repeater vehicle 354, as well as the location and direction
information encoded into the warning message 38 sent from
detecting vehicle 330.

[0146] As illustrated in FIG. 22, with respect to detecting
vehicle 330, repeater vehicle 354 lies generally in the
direction of stationary base 350 and thus repeater vehicle
retransmits message 38 with similar directional and target
instructions. The transmission from repeater vehicle 354
then reaches stationary base 350. If any other vehicles
beyond stationary base 350 with respect to detecting vehicle
330 receive message 38 from repeater vehicle 354, they do
not act upon it because they are beyond the target location
in the stale direction, and thus message 38 ceases to be
retransmitted beyond the target. A non-repeating vehicle 357
receives the directional message 38 from detecting vehicle
330, but does not repeat message 38 because non-repeating
vehicle 38 is not positioned in the direction requested in
message 38 relative to detecting vehicle 330. ITS 10 accord-
ingly advantageously ceases communications, and thereby
avoids race conditions, without the typical acknowledge-
ment messaging transmissions.

[0147] Stationary base 350 is an example of a non-vehicle
ITS node 32. As noted above, in some embodiments ITS 10
comprises both nodes 32 that are vehicles and nodes 32 that
are not vehicles. In some embodiments, certain nodes 32 are
fixed ITS transceivers, such as stationary base 350, used to
broadcast messages 38 to any listening nodes 32 in ITS 10.
In some embodiments, fixed ITS transceiver nodes 32 are
connected to traffic control mechanisms or other structures
that may impact traffic flow. For example, a broadcast node
32 could be located at a railroad crossing, and messages 38
sent indicating whether the crossing gates were raised or
lowered. Stoplights or other traffic control mechanisms
could also be connected to RF transceivers functioning as a
node 32 on ITS 10 network.

[0148] Referring now back to FIG. 22, in another
example, detecting vehicle 330 transmits an omni-direc-
tional hazard warning message 38 within a first zone of
influence 332. Although unaffected, repeater vehicle 354
within an unaffected sector 344 is receiving message 38 of
the spill. Because the nature of the warning message 38 is a
serious hazard, repeater vehicle 354, even though safe in
unaffected sector 344, retransmits the warning message 38.
Stationary base 350, receiving the warning message 38, and
having a large zone of influence 352 that is used to provide
generalized intelligent traffic control, retransmits message
38 to vehicles that may be in danger. Due to the nature of the
hazard in this case, stationary base 350 may warn vehicles
beyond sector 340 or the route that detecting vehicle 330 and
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the hazard are located. This allows for generalized re-routing
of traffic within the zone of influence 352 of base station 350
to avoid the hazard near detecting vehicle 330.

[0149] Dynamic Virtual Avoidance Markers

[0150] FIG. 23 illustrates a dynamic virtual avoidance
marker 604, according to an embodiment. Embodiments
having nodes 32 that are not vehicles facilitate (but are not
necessary for) dynamic virtual avoidance markers 604,
which enable vehicles 12, 14, 18, etc. to avoid hazardous
areas altogether. For example, suppose that a tanker car in a
freight train suffered a breech. In such event, a pressure
transducer would sense a loss in pressure, and predeter-
mined rules in processor 106 would determine that a breech
likely had occurred. Processor 106 would then cause RF
transceiver and Data Link 110 to transmit data to other nodes
32 within ITS 10, which data may then be rebroadcast by a
fixed ITS transceiver, such data including vehicle type (e.g.,
rail), vehicle use (tanker transport), cargo code (gaseous
toxin), location (precise latitude and longitude), and spatial
orientation (determined by inertial measurement unit 104).
Data transmitted by RF transceiver and Data Link 110 could
also include boundaries for the area to avoid because of the
tanker breech. Processor 106 may calculate such boundaries
by determining the precise location of the tanker car along
with other inputs, such as wind conditions, outside air
temperature, the nature of the surrounding terrain, and so
forth.

[0151] For example, suppose a train car 600 has derailed
and is leaking toxic gas. The immediate potentially affected
region 602 has been alerted via ITS 10 node 32 installed in
train car 600. However, due to wind conditions, a greater
area may be at risk due to the toxic gas becoming airborne.
Therefore, node 32 sends message 38 to the nearest station-
ary transmitter 630. However, stationary transmitter 630 is
not within range of train car 600. In this case, train car 600
sends message 38 with directional information encoded in
directional indicator 262, in scoping packet 260, described
above with reference to FIG. 13. Repeater vehicles 620,
622, and 624 receive message 38 and determine that they are
on the requested direction from the sender, as described
above with reference to FIGS. 13-15, and thus repeat
message 38 until it reaches stationary transmitter 630. When
message 38 is processed, stationary transmitter 630 begins
transmitting and warning, sending a new message 38, with
dynamic virtual avoidance marker 604 mapped out that
takes into account the type of accident and the weather
conditions that may spread the toxic gas. Since dynamic
virtual avoidance marker 604 crosses a roadway 608,
vehicles receiving the warning message will avoid dynamic
virtual avoidance marker 604 by exiting roadway 608 at
exits 640 and 650.

[0152] FIG. 24 is a chart illustrating message 38 densities
at distances approaching an event and distances past an
event. At extreme distances, a level 404 of background
messages 38 are present on either side of an event location
400. Background messages 38 may be produced by base
stations 350, as illustrated in FIG. 10, or from various
mobile nodes 32. Background messages 38 may include
general traffic information covering a region, re-route infor-
mation, or warnings. As mobile node 32 approaches event
location 400, an effective approaching distance 402 density
of messages 38 begins to rise. This is due to many nodes 32
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sending reports of an event as they pass event location 400,
or nodes 32 repeating notice of the event to approaching
nodes 32. Note that the message 38 density is the highest at,
and immediately surrounding, event location 400. As mobile
node 32 passes event location 400, a sharp reduction 406 in
message 38 traffic results due to the message 38 direction-
ality chosen for the specific event. A mobile node 32 that has
passed event location 400 is no longer interested in mes-
sages 38 related to event 400, and thus, messages 38 past
event location 400 are not processed. Similarly effective
approaching distance 402 illustrates how message 38 traffic
is reduced significantly to vehicles approaching event 400
from great distances. For vehicles 12, 14, 18, etc. approach-
ing event 400 from greater distances, such vehicles 12, 14,
18, etc. would only receive background messages 38 until
coming within effective approaching distance 402. At that
time, message 38 traffic would increase significantly
because event location 400 is now relevant. Note that if
message 38 sent were omni-directional, that message 38
density on the left hand side of the graph shown in FIG. 24,
notably effective approaching distance 402, would be mir-
rored on the right hand side of the graph.

[0153] The novel structures, systems, and features dis-
closed herein have been particularly shown and described
with reference to the foregoing embodiments, which are
merely illustrative of the best modes for carrying out the
claimed invention. It will be understood by those skilled in
the art that various alternatives to the embodiments
described and claimed herein may be employed without
departing from the spirit and scope of the invention as
defined in the following claims. It is intended that the
following claims define the scope of the invention, and that
the method and apparatus within the scope of these claims,
and their equivalents, be covered thereby. This disclosure
should be understood to include all novel and non-obvious
combinations of elements described herein, and claims may
be presented in this or a later application to any novel and
non-obvious combination of these elements. Moreover, the
foregoing embodiments are illustrative, and no single fea-
ture or element is essential to all possible combinations that
may be claimed in this or a later application.

[0154] With regard to the processes, methods, heuristics,
etc. described herein, it should be understood that, although
the steps of such processes, etc. have been described as
occurring according to a certain ordered sequence, such
processes could be practiced with the described steps per-
formed an order other than the order described herein. It
further should be understood that certain steps could be
performed simultaneously, that other steps could be added,
or that certain steps described herein could be omitted. In
other words, the descriptions of processes described herein
are provided for the purpose of illustrating certain embodi-
ments, and should in no way be construed so as to limit the
claimed invention.

[0155] The novel structures, systems, features, processes,
methods, heuristics, etc. disclosed herein have been particu-
larly shown and described with reference to the foregoing
embodiments, which are merely illustrative of the best
modes for carrying out the claimed invention. It will be
understood by those skilled in the art that various alterna-
tives to the embodiments described and claimed herein may
be employed without departing from the spirit and scope of
the invention as defined in the following claims. Although
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the steps of such processes, methods, heuristics, etc. have
been described as occurring according to a certain ordered
sequence, such processes could be practiced with the
described steps performed an order other than the order
described herein. It further should be understood that certain
steps could be performed simultaneously, that other steps
could be added, or that certain steps described herein could
be omitted. In other words, the descriptions of processes
described herein are provided for the purpose of illustrating
certain embodiments, and should in no way be construed so
as to limit the claimed invention. It is intended that the
following claims define the scope of the invention, and that
the method and apparatus within the scope of these claims,
and their equivalents, be covered thereby. This disclosure
should be understood to include all novel and non-obvious
combinations of elements described herein, and claims may
be presented in this or a later application to any novel and
non-obvious combination of these elements. Moreover, the
foregoing embodiments are illustrative, and no single fea-
ture or element is essential to all possible combinations that
may be claimed in this or a later application.

[0156] Accordingly, it is to be understood that the above
description is intended to be illustrative and not restrictive.
Many embodiments and applications other than the
examples provided would be apparent to those of skill in the
art upon reading the above description. The scope of the
invention should be determined, not with reference to the
above description, but should instead be determined with
reference to the appended claims, along with the full scope
of equivalents to which such claims are entitled. It is
anticipated and intended that future developments will occur
in the field of transportation systems, and that the disclosed
systems and methods will be incorporated into such future
embodiments. Accordingly, it should be understood that the
invention is capable of modification and variation and is
limited only by the following claims.

We claim:

1. Anode for communications in a transportation network,
the node comprising:

a Processor;
a memory;

a communication device configured to send and receive
one or more messages; and

a set of instructions executable by the processor for:
a. extracting a location of an event from a first message;

b. making a first determination by comparing the loca-
tion of the event to a geographic characteristic of the
node; and

c. making a second determination as to whether a
second message should be sent based on the first
determination.

2. The node of claim 1, wherein said geographic charac-
teristic is at least one of a position of the node and a direction
of the node.

3. The node of claim 1, said instructions further compris-
ing instructions for:

a. acting on the second determination.
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4. The node of claim 1, wherein the node is attached to a
vehicle.

5. The node of claim 1, further comprising a vehicle
network interface, said instructions further comprising
instructions for:

making a third determination as to as to whether infor-
mation extracted from the first message surpasses a
predetermined threshold; and

a. if the information surpasses the threshold, sending a
communications directive via said vehicle network
interface.

6. The node of claim 1, further comprising a position
sensor, wherein the position sensor comprises an external
navigation system and an inertial navigation system, and
further wherein the second message includes a position of
the node.

7. The node of claim 1, wherein the first message includes
at least one of:

directional information, whereby a message recipient may
determine if the message should be repeated;

range information, whereby a message recipient may
determine if the message should be acted upon;

time information, whereby a message recipient may deter-
mine if the message should be acted upon; and

target receiver information, whereby a message recipient

may determine if the message is intended for reception.

8. The node of claim 1, wherein the second message
includes at least one of:

directional information, whereby a message recipient may
determine if the message should be repeated;

range information, whereby a message recipient may
determine if the message should be acted upon;

time information, whereby a message recipient may deter-
mine if the message should be acted upon; and

target receiver information, whereby a message recipient
may determine if the message is intended for reception.
9. A node in a transportation system, comprising:

a Processor;
a memory;

a communication device configured to send and receive at
least one message; and

a set of instructions executable by the processor for:

a. receiving a first message from said communication
device;

b. making a determination as to whether information
extracted from the first message surpasses a prede-
termined threshold, thereby determining a signifi-
cance of the first message; and

c. if the information surpasses the threshold, creating a
second message.

10. The node of claim 9, wherein the determination of
significance is based on a geographic characteristic of the
node.

11. The node of claim 9, wherein the determination is
based at least in part on the relative position of the node to
at least one second node.
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12. The node of claim 9, wherein the second message
includes at least one of position information, directional
information, range information, time information, warning
information, map information, text information, and traffic
condition information, whereby a second node may deter-
mine if the message should be repeated.

13. The node of claim 9, wherein the message sent
includes target receiver information, whereby a second node
may determine if the message is intended for reception.

14. A transportation communications system, comprising:

a Processor;

a memory;

a position sensing system;

a communication device configured to send and receive a
messages; and

a set of instructions executable by the processor for:

a. receiving a first message in said communication
device, the first message including a location of a
sender and an intended direction of message travel;

b. extracting the location of the sender from the first
message;
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c¢. determining a vehicle location from said position
sensing system;

d. extracting the intended direction of message travel
from the first message;

e. making a direction determination as to a direction of
the vehicle relative to the position of the sender;

f. comparing the direction determination to the
intended direction of message travel; and

g. acting on the comparison by sending a second
message based upon the first message.
15. The node of claim 14, further comprising a vehicle
network interface, said instructions further comprising
instructions for:

a. making a third determination as to whether information
extracted from the first message surpasses a predeter-
mined threshold; and

b. if the first message surpasses a predetermined thresh-
old, sending a communications directive via said
vehicle network interface.
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