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ENHANCED MOBILE COMMUNICATION 
DEVICE, AND TRANSPORTATION APPLICATION 

THEREOF 

BACKGROUND 

[0001] Ad-hoc wireless networks are networks that are 
formed and de-formed on-the-?y without the need for sys 
tem administration. Ad-hoc networks can be mobile, stan 
dalone, or networked with other networks such as wide area 
networks or the Internet. Ad-hoc wireless devices commu 
nicating in a wireless area network are able to detect the 
presence of other ad-hoc devices, establish communication 
links with the other devices, and communicate information 
such as packetiZed digital data. An ad-hoc network is 
essentially infrastructureless since there is no need for ?xed 
radio base station, wires, or routers in the network. In 
communicating with each other, ad-hoc devices may employ 
many different packet routing methods to route wireless 
digital packets between mobile hosts in an ad-hoc mobile 
network. 

[0002] One wireless networking protocol of signi?cant 
importance due in part to its growing use in devices such as 
palmtop computers, personal digital assistants (PDAs), lap 
top computers, and Internet mobile phones is IEEE 802.11. 
The 802.11 standard speci?es two modes of operation: an 
infrastructure mode where an access point provides the link 
between wireless stations and wireline legacy infrastructure, 
and an ad-hoc mode where there is no access point, and 
wherein all stations contribute to the distributed manage 
ment and control of the network. 

[0003] 802.11 equipped devices con?gured to run in infra 
structure mode are especially well suited for of?ce, home, or 
café environments where there is an access point, and where 
the concentration of mobile devices is relatively low and the 
mobile devices are slow moving or stationary. For example, 
in a café or of?ce setting a mobile device such as a laptop 
computer may enter a wireless network and remain station 
ary for a long period of time while the user of the device 
accesses other devices or other networks, such as the Inter 
net. Location and context based mobile services are another 
infrastructure mode application. For example, a user in a 
shopping mall could obtain the lowest price for a product 
they are interested in. Or, a user at an art museum could 
automatically receive on their PDA more detailed informa 
tion on a work of art as they approach to view the work of 
art. 

[0004] Mobile ad-hoc devices can automatically recogniZe 
the presence of and communicate with other compatible 
ad-hoc wireless devices. For example, when two or more 
people meet at conference they may form an ad-hoc network 
to exchange data between their wireless ad-hoc mode 
enabled PDAs or laptop computers. In another application, 
a user’s ad-hoc device communicates with home wireless 
devices to unlock doors, activate lights and home audio and 
video equipment units, adjust heating and cooling settings, 
and the like. These applications are similar in that the 
network is formed spontaneously, and the mobile device 
need only communicate small amounts of data in order to 
carry out the application. 

[0005] Still another mobile ad-hoc application is car-to-car 
mobile communications whereby ad-hoc mobile communi 
cation devices in cars will allow the formation and de 
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formation of ad-hoc wireless networks with other cars. 
These networks could be used to send alert messages to 
motor vehicle operators, including alerts to traf?c accidents, 
traffic congestion, weather reports, emergency vehicles en 
route, and the like. 

[0006] Unlike the other examples above, car-to-car mobile 
communications present signi?cantly greater challenges 
since, at the very least, the communication devices present 
in the vehicles are moving extremely fast relative to each 
other. For example, while some vehicles may be traveling on 
a highway in the same direction within close proximity to 
each other, others are moving in opposite direction. If the 
vehicles are traveling 60 mph, the mobile devices may be 
traveling 120 mph relative to each other. This, in addition to 
the relatively limited range of 802.11, presents only a very 
small communication window within which to set up com 
munication links, and transmit and receive information in a 
reliable fashion. Typically, the range for outdoor communi 
cation using 802.11 is between 0.5 and 1 mile. In above 
example, for vehicles moving in opposite directions, this 
translates to a communication window of between 10 and 30 
seconds. Additionally, due to the small window, it may only 
be possible to transmit a very small amount of data before 
the devices are out of range of each other. Further, in a 
transportation network with many vehicles equipped with 
802.11 devices, or radios, there may be hundreds or thou 
sands of radios within range of each other at any particular 
moment in time. Current ad-hoc mobile protocols are gen 
erally not suitable for coping with such a high concentration 
of radios, in addition to the extremely short windows with 
which to set up links and transmit data. 

[0007] One of the more popular devices found in automo 
biles today are Global Positioning System (GPS) navigation 
devices. Several manufacturers offer GPS navigation 
devices that provide varying degrees of information from 
basic position as indicated by latitude and longitude, speed, 
and direction, to detailed driving directions to a destination. 
For example, the Garmin StreetPilot III provides real-time 
location information overlaid onto a map. Exemplary 
devices such as the StreetPilot III also provide real-time 
driving directions en-route to a destination through audible 
or visual commands emanating from the device. 

[0008] Typically, navigation devices include an interface 
port, such as a serial or universal serial bus (USB) port, for 
interfacing to an external computing or storage device such 
as a laptop computer. Additionally, devices may also include 
a non-volatile storage medium, such as a removable ?ash 
memory card. The port and memory card are used to 
download maps and planned routes onto the device. Maps 
such as city and interstate road maps, topographical maps, 
recreational maps, and the like are stored on removable 
storage such as a CD-ROM disc. Based on the limitations of 
the GPS navigation device and the user’s preference and 
requirements, some or all of the map data on the CD-ROMs 
can be placed on the GPS navigation device through either 
the interface port, or by placing the desired map data on a 
?ash memory card and inserting the card into the GPS 
navigation device. Additionally, a laptop computer or other 
computing device can be used in conjunction with the maps 
to plan routes, taking into account variables such as desired 
areas of interest and preferred roads. Once the routes are 
planned the trip data is downloaded to the GPS navigation 
device in the manner speci?ed above. 
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[0009] When used in a motor vehicle and loaded With the 
appropriate map data, a GPS navigation device such as the 
StreetPilot III can provide real-time driving instructions to 
the motor vehicle operator en-route to a destination. Typi 
cally, at the outset of the trip or While in transit, the motor 
vehicle operator enters the desired destination, or chooses 
from among the preplanned routes that Were doWnloaded to 
the device. The GPS navigation device periodically checks 
the position of the motor vehicle through the use of GPS 
sensors located in the device or vehicle. The position is 
correlated With positions on the doWnloaded map and real 
time driving directions are relayed to the motor-vehicle 
operator. In the event the motor vehicle deviates from the 
planned path, the GPS navigation device can recompute a 
neW path to the destination based on the current position of 
the vehicle and the available routes as indicated on the map. 

[0010] There are many Ways to compute a route to a 
destination. The most common method falls under the 
category of distance based shortest path routing. In distance 
based shortest path routing, a route is selected based on an 
algorithm that uses absolute distance as a comparison met 
ric. This path may not be the fastest path hoWever. Since 
speed limits vary from path to path, it may take more time 
for a vehicle to reach its destination depending on the path 
taken. To provide a better overall route choice, some 
advanced geographic information system (GIS) databases, 
or maps, comprise information such as speed limits. This 
additional information can be used in conjunction With 
absolute distance to select the shortest route to the destina 
tion based on the overall estimated delay. 

[0011] The GPS navigation devices described above have 
no Way to take into account current traffic conditions such as 

congestion, closed roads, accidents, and the like, in planning 
routes. Thus, While an uncongested alternate route might be 
available en-route to a destination, it is likely that the GPS 
navigation device Will plan a route and issue instruction that 
take the motor vehicle into the heart of a traffic jam merely 
because that route appears to be the shortest or fastest on a 
map. In order to try to avoid areas of congestion and thus 
minimiZe drive time, the motor vehicle operator must rely on 
radio reports, Which may be incomplete or delayed in time, 
or rely on an intuitive feel for traffic patterns given the area 
and time of day of travel, and adjust their route accordingly. 
Often by the time the motor vehicle operator has realiZed 
that they are going to hit a pocket of traffic congestion or 
other undesirable traffic condition, it is too late to take an 
alternate route and the motor vehicle and its occupants must 
simply sit in the traffic, Wasting valuable travel time, as Well 
as fuel. 

[0012] Various systems have been devised to communi 
cate traffic conditions to motor vehicle operators in order to 
better avoid the involved regions or roads and plan the trip 
accordingly. All of these systems hoWever rely at least in 
part on external communication netWorks, in addition to 
radio neWs reports, central databases, roadside sensors, and 
environmental sensors to sense and share traffic information. 
One standard for roadside to vehicle communications is 
IEEE 1455. US. Pat. No. 6,252,544 describes a mobile 
communication device for outputting environmental sta 
tuses, such as inclement weather, traffic jams, construction, 
radar traps, and the like to motor vehicle operators. The 
mobile communication device makes use, at least in part, of 
various vehicle sensors radar detectors, safety Warning sys 
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tems, optical systems, roadside communication systems, 
remote databases, and the like to transmit and receive 
environmental events and notify the motor vehicle operator 
of those events in advance. Another system described in US. 
Pat. No. 5,732,383 describes a method to estimate traffic 
conditions based on cell phone use activity. These and other 
systems have the disadvantage of requiring external traf?c 
reporting systems and a variety of sensors and communica 
tion systems to accurately report conditions. 

[0013] US. Pat. No. 6,101,443 describes a system to 
compute a detour route in response to road traffic informa 
tion. This system also relies on an external road traffic 
information reporting system. Other systems such as US. 
Pat. No. 5,610,821 attempt to assign routes to vehicles to 
maintain optimal traf?c system stability. But these systems 
depend upon, at least in part, roadside antennas and cen 
traliZed databases and computers to globally compute routes 
for all the vehicles in the netWork. US. Pat. No. 4,350,970 
also describes a method for traffic management comprising 
a routing and information system for motor vehicle traffic 
that uses stationary routing stations each located in the 
vicinity of the roadWay Which transmit route information. 

[0014] Thus, a need presently exists for an enhanced 
mobile communication device capable of operating in fast 
moving and high density netWorks such as a motor vehicle 
transportation netWork. Further, a need presently exists for 
an enhanced vehicle navigation system and transportation 
netWork that can communicate traffic conditions and traffic 
congestion information among the vehicles in the transpor 
tation network Without the need for external antennas, 
external radios, and other roadside and centraliZed devices 
of the prior art. A need also exits for a system and method 
for analyZing traffic congestion information and plan routes 
through a transportation netWork. 

SUMMARY 

[0015] By Way of introduction, the preferred embodiments 
provide an enhance mobile communication device. A trans 
portation application of the mobile communication device is 
also provided. The mobile communication device commu 
nicates directly With other mobile communication devices in 
an ad-hoc mode over a Wireless medium. The mobile 
communication device comprises an application that con 
structs a packet of digital data. A connection means respon 
sive to the application connects to the Wireless medium. A 
transmitting means responsive to the connection means 
transmits the packet of digital data over the Wireless 
medium. A receiving means senses activity in the Wireless 
medium and also receives packets of digital data from other 
mobile communication devices. The application constructs 
the packet With a limited and variable length such that When 
transmitted the probability that the other mobile communi 
cation devices receive the packet of digital data is increased. 
The application further increases the probability of reception 
by causing the connection means and transmitting means to 
attempt to transmit the packet of digital data a multiple and 
variable number of times. The multiple and variable number 
of times varies according to activity in the Wireless medium. 
The application also causes the mobile communication 
device to transmit the packet of digital data periodically, and 
to vary the period of transmission according to activity in the 
Wireless medium. In one embodiment the connection means, 
transmitting means, and receiving means operate according 
to an IEEE 802.11 standard. 
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[0016] In a transportation application, the packet of digital 
data constructed by the application means comprises traf?c 
congestion update data. The mobile communication device 
further includes a traf?c database, a map database, and a 
mobility module, such as a global positioning system 
receiver, for determining the position and speed of the 
device. A transportation netWork comprises a plurality of 
routes and a plurality of vehicles, each comprising the 
mobile communication device, and each traversing the 
transportation netWork from a current position to a destina 
tion. Each mobile communication device transmits and 
receives traf?c congestion update data as they pass Within 
communication range of each other. The traf?c congestion 
update data, the traf?c database, and the map database is 
analyZed local to each vehicle. Traffic congestion update 
data is stored in the traf?c database. The application further 
comprises a vehicle navigation application. The vehicle 
navigation application predicts traf?c ?oWs and estimates 
traf?c patterns by analyZing the traf?c congestion update 
data and the traffic database, along With the map database. 
The vehicle navigation application computes routes for the 
vehicle from its source or current position to a destination in 
light of the traf?c congestion information, the predicted 
traf?c ?oWs, and the estimated traf?c patterns. 

[0017] The foregoing paragraphs have been provided by 
Way of general introduction, and they should not be used to 
narroW the scope of the folloWing claims. The preferred 
embodiments Will noW be described With reference to the 
attached draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] 

[0019] 
[0020] FIG. 3 is a transportation application of the mobile 
communication device. 

[0021] FIG. 4 is the internal netWork protocol stack for a 
mobile communication device. 

FIG. 1 is an enhanced transportation netWork. 

FIG. 2 is a mobile communication device. 

[0022] FIG. 5 is a ?nite state machine for a vehicle 
mobility module. 

[0023] FIG. 6 is a ?nite state machine for a vehicle 
application module. 

[0024] FIG. 7 is a ?nite state machine for a vehicle 
interface module. 

[0025] FIG. 8 is a ?nite state machine for a media access 
controller. 

[0026] FIG. 9 is a transportation netWork With tWenty ?ve 
vehicles traversing the netWork. 

[0027] FIG. 10 shoWs the motion of vehicles 9, 11 and 13 
in the transportation netWork. 

[0028] FIG. 11 is a graph shoWing the speed versus time 
of vehicle 9 in the transportation netWork. 

[0029] FIG. 12 is a graph shoWing the speed versus time 
of vehicle 11 in the transportation netWork. 

[0030] FIG. 13 is a graph shoWing the speed versus time 
of vehicle 13 in the transportation netWork. 
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[0031] FIG. 14 is a graph shoWing the packets/sec sent 
and received by vehicle 13 While traversing the transporta 
tion netWork. 

DETAILED DESCRIPTION OF THE 
PRESENTLY PREFERRED EMBODIMENTS 

[0032] FIG. 1 shoWs an enhanced transportation netWork 
10. The transportation netWork comprises a plurality of 
mobile communication device equipped vehicles 100 and 
optionally a plurality of vehicles not equipped With com 
munication devices 110. In FIG. 1 vehicles 100 and 110 are 
automobiles and are traversing a netWork of roadWays in the 
transportation netWork 10. The roadWays may be city 
streets, rural streets, interstate highWays, or any other net 
Work of roads for Which automobiles are adapted for travel. 
The automobiles may be any other type of vehicle capable 
of traveling on roadWays. It is understood When using the 
term “equipped vehicle” that reference is being speci?cally 
made to the mobile communication device traveling With the 
vehicle, and not to the vehicle, type of vehicle, or mode of 
transportation employed by the vehicle. As such, a vehicle 
may include not only automobiles, but motorcycles, 
bicycles, human beings, animals, aircraft, Water vehicles, 
and any other system capable of transporting people and 
goods. 
[0033] The equipped vehicles 100 have access to a Wire 
less communication netWork 120. The communication net 
Work 120 alloWs direct vehicle-to-vehicle communication. 
As used herein, direct vehicle-to-vehicle communication, or 
direct communication, is intended broadly to encompass 
communication betWeen at least tWo vehicles or communi 
cation devices Whereby communications sent from one 
vehicle or communication device are received directly by 
another vehicle or communication device Without the use of 

repeaters, base stations, up-converters, doWn-converters, 
intermediary ampli?ers, auxiliary antennas, auxiliary com 
munication systems, and the like. Preferably the netWork is 
a Wireless netWork such as an IEEE 802.11 or Wi-Fi 

(Wireless Fidelity) communication netWork operating in 
ad-hoc mode, but may be other types of Wireless netWorks 
capable of direct vehicle-to-vehicle communications, and 
capable of transmitting and receiving digital data. The 
non-equipped vehicles 110 do not have access to the com 
munication netWork 120 and thus cannot communicate With 
any of the equipped vehicles 100. 

[0034] Each of the equipped vehicles 100 in the transpor 
tation netWork 10 is out?tted With a mobile communication 
device 101. FIG. 2 shoWs in greater detail a mobile com 
munication device 20 local to the equipped vehicles 100. It 
is not important hoW the mobile communication device 20 
is installed in each vehicle, only that it travels With the 
vehicle. For example, the mobile communication device 20 
may be installed during the manufacture of the vehicle, or it 
may be a subsystem component of another system Within the 
vehicle, or it may be any combination of vehicle subsystems 
and external devices. Alternatively, the mobile communica 
tion device 20 may be a self contained external unit that is 
placed in the vehicle after the vehicle manufacture, such as 
is common With current GPS mapping systems such as those 
made by Garmin. Still another possibility is that the mobile 
communication device 20 is a portable handheld unit that is 
not permanently af?xed to a point in or around the vehicle 
but is rather temporarily brought into the vehicle When 
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needed. Or, the mobile communication device may comprise 
tWo or more sub-system devices in communication With 
each other via an interface such as serial, parallel, optical, 
Wireless, and the like. 

[0035] The mobile communication device 20 comprises a 
processor 210, a Wireless transceiver 240 in communication 
With the processor 210, and a memory 260 in communica 
tion With the processor 210. The memory comprises execut 
able code such that When executed on the processor causes 
the processor to execute an application program 250 and a 
media access controller (MAC) 270, both in communication 
With each other. The mobile communication device 20 may 
optionally include a mobility module 200 in communication 
With the processor. 

[0036] The media access control protocol 270 is a set of 
procedures to alloW the effective use of a shared medium, 
such as the Wireless medium 120. MAC protocols may 
include the ability to perform per-packet transmitter poWer 
control, Which can increase the carrying capacity of a packet 
radio. Additionally, the MAC may also comprise hardWare 
as part of the transceiver 240 or processor 210, Whereby the 
MAC 270 communicates signals via the processor 210 to the 
transceiver 240. 

[0037] The application program 250 may comprise many 
types of applications, such as the vehicle navigation appli 
cation Which Will be discussed beloW. The memory 260 may 
also comprise additional components such as a map database 
220 and a traffic database 230, both of Which may be 
accessed by the application program 250. Other examples of 
application programs are Web broWsing applications, e-mail 
applications, audio entertainment applications, video enter 
tainments applications, vehicle-to-vehicle vocal communi 
cation applications, safety Warning applications, and loca 
tion-based information applications. 

[0038] Although the components of mobile communica 
tion device 20 are shoWn as separate and distinct compo 
nents there may in fact be a greater or lesser number of 
components from a hierarchical standpoint, as long as the 
function relationships betWeen components are maintained. 
For example, the map database 220 and the traffic database 
230 may reside on the same physical device, although 
functionally there are tWo distinct databases. Or the contents 
of memory 260 may be distributed among multiple physical 
memories. 

[0039] The mobility module 200, may comprise a GPS 
position sensor or receiver capable of determining the posi 
tion and speed of the mobile communication device 20. As 
used here, GPS position sensors also include more than one 
type of GPS position sensor and GPS position sensors 
coupled With electronics to condition and output the signals 
received by the GPS position sensor or sensors, as Well as to 
improve the accuracy of the reading from the sensors or 
sensor 200. Such GPS position sensors are Widely available. 
If the mobility module does not output speed directly, the 
processor 210 in concert With the mobility module 200 
provides a means to determine the speed of the vehicle 
through multiple samples of time and position. Other means 
may be used to determine speed such as by sampling the 
speed sensor Which is used to indicate the speed on the 
vehicle’s speedometer. While this may provide an extremely 
accurate reading of speed, it is not necessary to introduce an 
additional sensor into the system and may in fact be impos 
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sible for portable non-permanent GPS navigation devices 20 
temporarily located Within the vehicle. Current GPS receiv 
ers can provide location coordinates With less than 30 meters 
accuracy. Thus, the speed of the mobile communication 
device, or vehicle, can be very accurately determined since 
GPS receivers typically refresh their position information 
every 1 second. 

[0040] The processor 210 may be any modem micropro 
cessor or microcontroller capable of high speed data pro 
cessing. The processor 210 can also be a custom designed 
processor. Many modem GPS mapping systems such as 
those made by Garmin and others contain microprocessors 
that can be suitably adapted for the mobile communication 
device 20. The map database 220, traffic database 230, 
application program 250, and MAC 270 may reside in a 
physically separate memory from the processor 210, or in an 
integrated memory, such as a memory integrated With the 
processor 210. The memory may take the form of SRAM, 
DRAM, FLASH RAM, magnetic storage, optical storage 
and many other types of modem storage, and the memory 
either in part or in Whole may be ?xed or removable. It is 
desirable, but not necessary, that at least a portion of the 
memory be non-volatile such that When poWer is removed 
from the mobile communication device 20 at least some of 
the contents in the memory remain intact. 

[0041] The Wireless transceiver 240 preferably comprises 
a Wireless transmitter and Wireless receiver operating 
according to the IEEE 802.11 standard, and preferably 
operating in an ad-hoc mode. As mentioned above, the 
transceiver 240 may also include additional components for 
ensuring reliable MAC protocol operation in accordance 
With the MAC code 270 being executed by processor 210. 

[0042] The mobile communication device 20 may include 
additional elements similar to those of GPS mapping devices 
discussed above. Some of these features include but are not 
limited to data ports, such as USB, serial, and IEEE 1394 
ports, to upload and doWnload maps and data and program 
code to and from external computing devices, removable 
data cards, external or internal speakers and display units, 
user interface units such as keyboards, sWitches, touch 
screens, and voice recognition units, and additional ?xed 
and removable storage devices. Additionally, the mobile 
communication device may include an IEEE 802.15 port, 
also knoWn as Bluetooth. Via a Wireless personal area 
netWork, the Bluetooth port alloWs the mobile communica 
tion device to Wirelessly communicate With other Bluetooth 
devices and systems in the vehicle. Generally, the above 
mentioned additional elements are in communication With 
processor 210 as indicated by the Ports and Interfaces 
module 280 of FIG. 2. 

[0043] If the application program 250 is a vehicle navi 
gation application, the mobile communication device 20 
local to each vehicle 100 also includes a map database 220 
and a traffic database 230, both stored in memory 260. The 
traffic database comprises traffic congestion information 
received from other vehicles in the transportation netWork. 
Brie?y, the traffic database is analyZed With the map data 
base for estimating traf?c ?oWs, predicting traffic patterns, 
and determining routes. The details of the traffic congestion 
information, as Well as the analysis and of the traffic 
database, Will be described beloW. 

[0044] The map database 220 may include city, toWn, 
highWay and local road maps as Well as detailed maps With 
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business and residential streets. Additionally the map data 
base 20 may include points of interest such as food and 
drink, lodging, attractions, entertainment, shopping, emer 
gency services, and the like. Maps are commonly available 
on CD-ROM and placed on the mobile communication 
device 20 via a Wired or Wireless interface With an external 
device capable of reading the CD-ROM and sending the 
map data to the device 20. Maps may also be placed on 
removable memory such as FLASH RAM and transferred to 
the device 20 via a port or interface 280. Garmin MapSource 
is an example of CD-ROM maps that may be used With the 
mobile communication device 20. 

[0045] In a transportation application for vehicle naviga 
tion, equipped vehicle 100 and optionally non-equipped 
vehicles 110 are traversing roads in the transportation net 
Work 10 from their current position to a destination. Brie?y, 
as equipped vehicles pass Within range of each other, they 
transmit and receive traffic congestion information, or traf?c 
databases, either in part or in Whole. The vehicles commu 
nicate directly With each other. The traffic congestion infor 
mation is analyZed along With the map database and traf?c 
database, and routes are computed local to each equipped 
vehicle from a source or current position to a destination 

according to the analysis. Local to each vehicle, traf?c 
congestion information is periodically transmitted according 
to an analysis of the received traf?c congestion information, 
and an analysis of the traf?c database and map database. 

[0046] In the application, With reference to FIG. 3, after 
an initialiZation step 300, each mobile communication 
device local to each equipped vehicle is idle 301, remaining 
there until receiving traf?c congestion information 302-310, 
or transmitting traf?c congestion information 312-320. 

[0047] After receiving a packet of data comprising traf?c 
congestion information 302, the details of Which Will be 
described beloW, the current position and speed is deter 
mined 304. Next, the traf?c congestion packet, the traf?c 
database, the map database, and the current position is 
analyZed, and traf?c How is estimated 306. Based on the 
analysis and estimates, a route is computed 308 from the 
current position determined in step 304 to a destination. 
Also, the traffic congestion packet is stored 310 according to 
the analysis in step 306. 

[0048] Returning back to the initialiZation step 300, a 
transmitting frequency timer is initialiZed, folloWed by the 
idle step 301. The timer controls hoW frequently traf?c 
congestion information is transmitted. The timer is initial 
iZed such that attempts to transmit Will be made every one 
second. From idle 301, once the transmitting frequency 
timer has elapsed or expired, the number of traf?c conges 
tion packets received per second is checked 312. Next, the 
transmitting frequency timer is adjusted 314 according to 
step 312. The details of the adjustment Will be discussed 
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beloW. After that, the traf?c and map database is analyZed 
316, a traffic congestion packet is constructed 318, and the 
traffic congestion packet is transmitted 320. 

[0049] There are tWo packet formats for traf?c congestion 
packets. A beacon service table (BST) comprises real-time 
and historical data about the current vehicle. A vehicle 
service table (VST) comprises the same ?elds as the BST, 
and additionally comprises data With information received 
from other vehicles. Some or all of the additional data may 
reside in the traf?c database 230. The BST and VST, and the 
data comprising them, are also referred to herein as traf?c 
congestion update data, traffic information, traf?c conges 
tion update information, or traf?c congestion information as 
the contents comprise information relevant to the traf?c 
congestion and traf?c ?oWs. 

[0050] BSTs and VSTs are transmitted periodically, as 
mentioned brie?y above With reference to steps 300, 301, 
312, and 314. The period of transmission is variable, and 
varies according to the density of surrounding vehicles. By 
default, a vehicle transmits a BST at a transmitting fre 
quency of 1 BST every one second. The vehicle varies its 
transmitting frequency period as it receives BSTs from 
surrounding vehicles. If the vehicle receives more than 10 
BSTs per second it reduces its transmission frequency by 
half, for example, one BST every 2 seconds. The transmis 
sion frequency is set according to a Fibonacci series, that is 
the transmission frequency is set to 1 BST every 3, 5, 8, 13, 
21, 34, . . . seconds for 30, 40, 50, 60, 70, 80, . . . BSTs 
received per second. 

[0051] The stability of the Wireless netWork is maintained 
by adjusting the transmission frequency as speci?ed above. 
BandWidth saturation occurs in 802.11 netWorks When the 
utiliZation of the medium exceeds approximately 40% to 
50%. Saturation is the point Where the medium is being 
optimally utiliZed, but also Where even the slightest increase 
of Wireless traf?c in the netWork forces the netWork into an 
unstable state. The adaptive BST transmitting frequency 
method above ensures stable netWork operation, at a level 
someWhat beloW saturation, While providing a buffer for 
increased or sudden Wireless netWork traffic. 

[0052] The structure of the BST and VST are shoWn beloW 
in standard ANSI C format. The list attached to both a BST 
and VST packet comprises vehicle route table (VRT) entries. 
The VRT entries comprise traffic ?oW information on a per 
segment basis. Referring beloW, a BST comprises the VST 
structure plus one entry of the VRT structure as part of the 
res_vrt_lptr list. A VST is identical to the BST but includes 
additional VRT entries as part of the res_vrt_lptr list. 
Source-encoding techniques may be used to substantially 
reduce the siZe of a BST and VST. The folloWing de?nitions 
for BST and VST provide one possible implementation 
solution. 

typedef struct 

{ 
char 

double 
double 

double 
double 

vehicleiid[16]; /* Vehicle name 
beginicooix; /* Segment beginning x coordinate 
beginicooiy; /* Segment beginning y coordinate 
endicooix; 
endicooiy; 

/* Segment ending x coordinate 
/* Segment ending y coordinate 
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-continued 

int weight; /* Outcome of aggregation */ 
char vehicleidir[4]; /* Vehicle direction */ 
double avgispeed; /* Average vehicle speed */ 
double maxispeed; /* Maximum vehicle speed */ 
double minispeed; /* Minimum vehicle speed */ 
double sampleiperiod; /* Sampling period in seconds */ 
double timestamp; /* Time when this entry was created */ 
} VRT; 

typedef struct 

int appiid; /* Application identi?er (RO) */ 
char vehicleiid[16]; /* Vehicle name */ 
double vehicleiorigix; /* Vehicle origin x coordinate */ 
double vehicleiorigiy; /* Vehicle origin y coordinate */ 
double vehicleidestix; /* Vehicle destination x coordinate */ 
double vehicleidestiy; /* Vehicle destination y coordinate */ 
double GPSilat; /* GPS latitude */ 
double GPSilong; /* GPS longitude */ 
double GPSialt; /* GPS altitude */ 
char GPSidir[4]; /* GPS vehicle direction */ 
double GPSispeed; /* GPS vehicle speed */ 
double signature; /* Data integrity signature */ 
List" resivrtilptr; /* List with selected VRT tuples */ 
} VST; 

[0053] The BST is used as a beacon to announce to other 
vehicles the state of the transmitting vehicle and to share 
basic position and route information with other vehicles. The 
BST, as a beacon, should not be confused with what is 
normally thought of as an 802.11 beacon. 802.11 beacons 
are merely used for radio synchronization purposes, and do 
not comprise the information of a BST. 

[0054] The BST is a packet that is transmitted regularly 
and comprises local information. The EST, or beacon infor 
mation, changes as the vehicle changes position in the 
transportation network. The VST is used for more advanced 
dialogues between vehicles and includes information 
according to the analysis step 316. For example, when a 
local vehicle receives a BST from a remote vehicle, the BST 
may comprise information about a trajectory that coincides 
or partially overlaps with the local vehicle’s trajectory or 
destination. The application programs in the local and 
remote vehicles then construct VSTs comprising relevant 
traf?c data (316, 318), and cause the communication of the 
VSTs (320). 

[0055] Depending on the resolution and timing of the 
received packets there may be packets comprising informa 
tion with substantially identical time stamps but different 
positions. Referring to the VRT structure above, a time 
stamp is communicated as part of as the variable “times 
tamp”. Upon an analysis (306, 316) these entries are iden 
ti?ed as distinct equipped vehicle 100. Another method to 
identify distinct equipped vehicles 100 within the transpor 
tation network 10 is to assign each vehicle a unique ID and 
transmit that ID along with other traffic information, as is 
indicated by the vehicle_id[16] ?eld above. Duplicate 
entries are not stored in the traf?c database in step 310, thus 
whether a received packet is stored is based at least in part 
according to the analysis in step 306. 

[0056] The traf?c database 230 and map database 220 is 
analyzed to determine current and historical traf?c ?ows 
(306). Further, future traf?c conditions are estimated using 
traf?c prediction and traffic estimation techniques. Traf?c 
prediction uses current traffic data to predict the speed on a 

segment or road that that is likely part of the vehicle’s route. 
Traf?c estimation utilizes current data as well as historical 
information to more accurately calculate the speed of the 
vehicle upon reaching a certain segment of the freeway in 
the future. Maximum likelihood estimation is used for traf?c 
prediction and estimation. Maximum likelihood estimation 
is known by those with ordinary skill in the art. Other known 
methods that may be used with the present invention are 
sequential estimation and prediction using Kalman ?lters, 
and use of an autoregressive process to predict deviations. 

[0057] The application program 250 associates EST and 
VST information stored in the traffic database 230 with 
roads and routes in the map database 220, and further 
performs additional computations for traf?c ?ow estimation 
and prediction (306). For example, a high concentration of 
slow moving vehicles concentrated around the same time 
period on the same road or route indicates traf?c congestion 
on that road or route. Additionally, traf?c congestion may be 
present if the average speed of the vehicles traveling on a 
particular route or road is well below the speed limit 
indicated in the map database, or the historical average 
speed limit for that time period. Conversely, if the average 
speed is higher than expected, the road may be relatively 
free moving. High traf?c concentration but free traf?c ?ow 
may be present if there are more vehicles than historically 
expected for the expected time of travel on the road or route 
of interest, and if the average speed of those vehicles is at or 
above the speed limit or average speed for that route or road 
during the estimated time of travel. 

[0058] Further, the application program may comprise a 
safety warning application, such as a collision warning 
application, that identi?es sudden traf?c ?ow changes that 
may be due to accidents or other dangerous traf?c conditions 
ahead of the vehicle. The application program at the local 
vehicle identi?es dangerous traffic conditions if remote 
vehicles ahead of the local vehicle have an average speed of 
less then 10 mph (speed_remote), and if the difference 
between the local vehicle speed (speed_local) and the aver 
age remote vehicle speeds is at least 50% of the local 
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vehicle’s speed, that is, (speed_local-speed_remote)/speed 
_local >05, and speed_remote <10. The application may 
also issue a safety Warning if a vehicle is on a road but has 
a speed of Zero, that is it is not moving. These Warning can 
be transmitted to other vehicles according to steps 316, 318, 
and 320. Those skilled in the art Will recognize that many 
other traf?c ?oWs can be computed from the traf?c database 
230 in conjunction With the map database 220 local to each 
equipped vehicle 100. The analyses above are included 
merely as examples of What can be achieved and are not 
intended to limit the scope of the invention in any manner or 
form. 

[0059] As Will be discussed in greater detail beloW, the 
application program may include a vehicle navigation appli 
cation for route planning. The vehicle navigation application 
computes a route (308) for the equipped vehicle from a 
source, or current position, to a destination according to the 
analysis of the databases. The current position is periodically 
determined (304) by sampling the output of the mobility 
module 200. 

[0060] The route and other information can be communi 
cated to the operator of an equipped vehicle 100 via an 
audible or visual interface 280 of the mobile communication 
device 20. A visual display may, for example, shoW a map 
indicating the local area of interest With a graphical overlay 
of current traf?c conditions. Colors may indicate congestion 
information. For example, blue may indicate that a road is 
clear, orange might indicate the there is moderate traffic on 
the road but little congestion, and red might indicate serious 
traf?c congestion or a safety Warning. Those skilled in the art 
Will appreciate that there are many Ways to communicate the 
results of the various calculations. 

[0061] Traf?c congestion information exchanges, traf?c 
database exchanges, and the computations discussed above 
can be performed While an equipped vehicle is moving or 
stationary. For example, in one scenario an equipped vehicle 
100 may be located in a garage and exchanging congestion 
information With other moving equipped vehicles 100 as 
they pass Within communication range of the garaged 
equipped vehicle. Additionally, the traf?c database 230 
could be uploaded to a remote or ?xed computing device 
separate from the equipped vehicle and traf?c ?oW estima 
tion and prediction, as Well as route planning, can be 
executed off-line of the mobile communication device and 
then doWnloaded back to the mobile communication device 
local to the equipped vehicle 100. The motor vehicle opera 
tor can then select various destinations at the outset of a trip, 
With the routes pre-computed, and driving directions relayed 
to the driver While en-route to the destination. Route adjust 
ments are optionally made en-route to the destination as Will 
be described beloW. 

[0062] Route Planning 

[0063] The term “route planning” as used herein is de?ned 
broadly to encompass a method of ?nding a path from a 
current position to a destination through the netWorks of 
roads in the transportation netWork 10 as indicated by the 
map database 220. 

[0064] The application program 250 comprising a vehicle 
navigation application calculates routes to a destination for 
the equipped vehicle 100. Brie?y, the application calculates 
a ?rst route from the mobile communication device’s 
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source, or current position, to a destination, through seg 
ments, or roads, of the transportation netWork as indicated 
by the map database. The application program may compute 
alternate routes through the transportation netWork as the 
vehicle changes positions and moves through the netWork, 
as traf?c databases are created and exchanged among 
equipped vehicles, and as traf?c ?oWs evolve. 

[0065] There are many methods for calculating routes 
from a source to a destination given a netWork of segments 
or roads. The most commonly used method, as mentioned 
brie?y above, is shortest path routing. Almost all routing 
algorithms are based on a shortest path tree (SPT) approach. 
This algorithm is based on greed, that is it opts for the best 
possible route Whenever a route decision has to be made. 
This class of algorithms is also knoWn as breadth ?rst 
search. Another class of algorithms knoW as depth ?rst 
search may also be used. In its simplest form, shortest path 
routing based on distance can be used by vehicles to 
calculate the shortest route to a destination. 

[0066] Using distance alone as the comparison metric for 
determining routes does not, hoWever, exploit useful infor 
mation available in the map database and traf?c database 
such as segment speed limits, segment congestion, and the 
like. By using a shortest path algorithm based on dynami 
cally changing and time varying segment cost functions, 
intelligent route decisions based on the traf?c databases, 
traffic ?oW prediction and estimation results, and map data 
base data can be made in a real-time manner. Other types of 
algorithms, such as genetic algorithms, dynamic program 
ming, and various adaptations of shortest path algorithms, 
may also be used alone or in combination. 

[0067] Many of the algorithms mentioned above are used 
daily to compute routes from a source to a destination for a 
vehicle traveling a netWork of roads, and for provide driving 
direction. Examples of such algorithms are used at on-line 
Internet mapping services such as Mapquest, Yahoo!’s 
Maps, Vicinity Corporation’s Mapblast, and Microsoft’s 
Expedia. Other examples of algorithms in use can be found 
implemented on GPS mapping devices such as the Garmin 
StreetPilot III and the Garmin series of MapSource CD 
ROMs. It is noted, hoWever, that none of these services and 
products are able to provide primary or alternate routes 
based on real time and predicted traffic ?oWs through the 
map of interest. The best results they offer are based on route 
length and segment speeds. 

[0068] A Weighted map is a map Wherein each road, or 
segment representing the intersection of roads, in the map is 
assigned a numerical Weight, or cost. The Weight assigned to 
each segment is a function of the vehicle speed limit on the 
road. In distance-based shortest routing, a path from a source 
to a destination is computed using only the length of the 
road. In delay-based routing the ratio of length over speed is 
calculated for each segment and used as the cost function in 
calculating the best possible route from source to destina 
tion. Variations on this alloW a user to specify that certain 
roads be selected for travel no matter What the Weight and 
the algorithm. 

[0069] In one embodiment, the Weights for each road or 
segment are a cost function of the vehicle speed limit on the 
road, the estimated traf?c density on the road for the 
estimated time of travel on the road, and the estimated 
average speed of the vehicles on the road for the estimated 
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time of travel on the road. Additional variables can be used 
in the cost function such as maximum and minimum speeds 
and traf?c densities, standard deviations of densities and 
speeds, and the results of many other statistical analyses. 

[0070] By applying more sophisticated cost functions, 
Which are in part a function of the data in the traf?c database 
230, more intelligent, alternate routes from the current 
position of the vehicle to the destination can be discovered 
and relayed to the driver of the vehicle. These routes may be 
computed based not only on What the traf?c conditions are 
at the current time of travel but also on What the traf?c 
conditions Will be on roads of interest later in time When the 
vehicle approaches those roads. Additionally, because the 
traf?c database 230 is constantly updated throughout travel, 
en-rout to the destination, the analysis of the traf?c database 
230 is periodically performed, and the routing algorithm 
periodically veri?es that the current route from the current 
position to the destination is still ef?cient in light of evolving 
traf?c conditions. If it is not, a neW alternate route is 
computed from the current position to the destination and 
commands relayed to the motor vehicle operator such that 
pockets of traf?c congestion are avoided. 

[0071] The ef?ciency and stability of the transportation 
netWork is considered When choosing an alternate route over 
the current route. It is not advantageous to alWays choose the 
alternate route. If all drivers are directed on the same 
alternate route, neW areas of traf?c congestion may form as 
a result of efforts to avoid current areas of congestion. This 
is commonly referred to as the over-shooting effect. One 
Way to avoid instability and undue congestion is to evaluate 
the end-to-end delay of the alternate route. If the end-to-end 
delay is one minute or more less than the end-to-end delay 
of the ?rst, or current route, and if the end-to-end delay of 
the alternate route is at least ten percent shorter than the ?rst 
route, then the alternate route is chosen. Additional methods 
utiliZing current and historical traf?c patterns, as Well as 
probabilistic models of traf?c patterns are used to further 
reduce the over-shooting effect. 

[0072] If the motor vehicle operator deviates from the 
selected route, that is the vehicle veers from the current route 
for Which driving directions are being issued, a neW route is 
computed as described above. Many other objectives, in 
addition to the fastest route from a current position to a 
destination, can be realiZed. By Way of eXample, some of the 
objectives are: the vehicle Will avoid areas of traf?c con 
gestion, the length of time spent traveling is minimiZed, the 
distance traveled is minimiZed, the vehicle is routed through 
preferred roads While in transit to the destination, and the 
vehicle is routed past geographical areas of interest While in 
transit to the destination. 

[0073] In addition to the advantages the GPS navigation 
device 20 bestoWs on an individual vehicle, the transporta 
tion netWork itself, as a Whole, functions in a more ef?cient 
manner. While the equipped vehicles may be traversing a 
path from a current position to a destination that avoids areas 
of traf?c congestion, the dynamic and distributed nature of 
the traf?c data and the computations as described above tend 
to create a transportation netWork Whereby vehicle traf?c is 
substantially evenly distributed and free ?oWing. Further, if 
areas of traffic congestion do occur, the dynamic and tem 
poral recomputation of alternate paths tend to Work to 
disperse the traf?c congestion much faster than Would 
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normally occur. Accordingly, fuel consumption for indi 
vidual vehicles, and for all vehicles traversing the transpor 
tation netWork, Whether equipped With mobile communica 
tion devices or not, tends to be minimiZed. 

[0074] Ad-Hoc Application and Media Access 

[0075] As discussed above, applications utiliZing ad-hoc 
media access controllers, such as an ad-hoc 802.11 home 
application, are not Well suited to high density, high speed 
applications such as the transportation netWork application 
discussed above. An application and media access controller 
for mobile communication device 20 is described beloW. 
The application and media access controller can be used in 
many different high density and high speed ad-hoc mobile 
netWork environments. 

[0076] The application and media access controller are 
implemented in the mobile communication device 20 of 
FIG. 2, Where the application is application 250 and the 
media access controller is media access controller 270. FIG. 
4 shoWs the internal netWork protocol stack for the mobile 
communication device. Referring to FIG. 4 and FIG. 2, 
vehicle_mobility module 30 corresponds to mobility module 
200. The Vehicle_mobility module 30 is in communication 
With vehicle_application module 32, Which corresponds to 
application program 250. A vehicle_mac 36 corresponds to 
media access controller 270. The vehicle_mac 36 is in 
communication With a transceiver module 38 comprising 
tWo separate modules, vehicle_receiver_0 and vehi 
cle_transmitter_0. Transceiver module 38 corresponds to 
transceiver 240. Finally, vehicle_interface 34 acts as an 
interface betWeen vehicle_application 32 and vehicle_mac 
36. The vehicle_interface 34 provides miscellaneous inter 
faces to facilitate communication betWeen the vehicle_ap 
plication 32 and vehicle_mac 36. The vehicle_interface 34 
comprises various softWare and hardWare distributed among 
mobility module 200, processor 210, memory 260, and 
transceiver 240 of mobile communication device 20. The 
vehicle_interface 34 is shoWn as a separate module in FIG. 
4 for hierarchical and simulation purposes and Will vary in 
speci?c function according the speci?c softWare and hard 
Ware implementation choices of the mobile communication 
device of FIG. 2. 

[0077] The netWork protocol stack of FIG. 4 also provides 
a frameWork for simulating the mobile communication 
device. Simulation Were built and executed using the 
OPNET (trademark of OPNET Technologies Inc.) netWork 
simulator and associated libraries available for the simulator. 
Brie?y, the computer simulation models a transportation 
netWork With each of a plurality of vehicle traversing a path 
from a current position to a ?rst destination in the transpor 
tation netWork. Each vehicle comprises a mobile commu 
nication device as modeled by protocol stack of FIG. 4, 
hereinafter also referred to a the node model. In the simu 
lation, the ad hoc-mode IEEE 802.11 standard for Wireless 
local area netWorks is simulated. 

[0078] The state machine for the simulation of the vehi 
cle_mobility module 30 is shoWn in FIG. 5. The vehicle_m 
obility module provides location information to the vehi 
cle_application module 32 in the same manner as described 
above With reference to the mobility module 200 and 
application program 250 of the mobile communication 
device 20 of FIG. 2. The operation of vehicle_mobility 
module 30 begins at the init state, Where all initialiZations 
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take place. Upon transitioning from the init state to the 
transition state, the ?rst update to the vehicle’s position and 
speed takes place. At simulation time 0, a state transition 
occurs from transition to idle. The mobility module remains 
in the idle mode until an update a position and speed update, 
at Which point a transition from idle to position and back to 
idle occurs. Aper-vehicle timer signals the mobility module 
to update position and speed information every 0.2 seconds, 
although this time can be varied. When vehicle_application 
module 32 signals that a route recalculation or calculation of 
an alternate route is necessary a transition from idle to 
dyn_spt and back to idle occurs. Route recalculation Was 
described in detail above. Within the dyn_spt state, algo 
rithms such as the shortest path algorithms described above 
are implemented based on the expected delay from traf?c 
congestion information received and processed in the vehi 
cle_application module 32. The functions run in the dyn_spt 
state may be part of the application program 250 of the 
mobile communication device of FIG. 2 and are shoWn as 
part of the mobility module for simulation purposes. 

[0079] The vehicle_application ?nite state machine is 
shoWn in FIG. 6. The state machine begins at the init state 
Where all one-time initialiZations occur. After initialiZation, 
a transition from the init state to the off state occurs. 
According to a simulation timer, a transition occurs from the 
off state to the on sate. In the on state, the application 
constructs packets of digital data. Packets are constructed of 
a limited and variable length. The limited and variable 
length nature of packets signi?cantly increases the probably 
that other mobile communication devices receive the packet 
of digital data. 

[0080] Any increase in the probably of reception is 
extremely advantageous due to the short WindoW of oppor 
tunity to establish data links and transmit data With other fast 
moving vehicles. Packets of too great a length Will not be 
received completely or error free Within the available Win 
doW. Packets too small in lengths Will not carry enough data 
to communicate position and speed information contained in 
a EST or VST. The 802.11 standard speci?es a maximum 
packet length of 2304 bytes. 

[0081] The application module also employs a multiple 
transmit mechanism for increasing the probably of recep 
tion. The multiple transmit mechanism causes the transmis 
sion of the packet of digital data a multiple and variable 
number of times. Packet siZe and the frequency of multiple 
transmission vary according to link quality and other statis 
tics available from the MAC and transceiver. Generally, as 
link quality degrades, smaller packets are transmitted. The 
quality of the channel or link is determined based on 
statistics available through the device driver of most com 
mercially available 802.11 radios. Some of the statistics are 
the received signal strength indicator (RSSI), the signal-to 
noise (SNR) ratio, and the signal-to-interference (SIR) ratio. 
Packet length is regulated according to ?ve different channel 
quality categories: excellent, very good, good, fair, and poor. 
When the channel quality is excellent relative to the 802.11 
speci?cation there is no maximum packet length limitation, 
aside from those imposed by the speci?cation. As the 
channel quality deteriorates from excellent to very good, 
good, fair, and poor, the maximum length of the packet is 
reduced so that the bit error rate (BER) is maintained Within 
acceptable range at the receiver. 
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[0082] For good link quality, Which is the most frequently 
occurring class of link, the application module limits the 
packet length for a single transmission from around 800 bits 
to 1200 bits, including the header bits necessary for proper 
802.11 communications. For multiple transmissions, Where 
the packet is transmitted n number of time, the packet length 
may optionally be increased, and is limited from around 
800+n*400 bits to around 1200+n*400 bits. 

[0083] The number of duplicate packets transmitted 
depends in part on the application. For more critical appli 
cations such as the safety Warning application above, emer 
gency applications, and billing applications, a large number 
of duplicate packets, such as 5, may be sent. For other 
applications such as traf?c congestion updates and location 
based information, a smaller number of duplicate packets, 
for example up to 3, may be sent. 

[0084] Simulations indicate that in transportation net 
Works With one to ten equipped vehicles Within range of 
each other, the probability of reception increases by 10 to 20 
percent by employing the above detailed methods. Further 
simulations indicate that in congested scenarios With many 
more than 10 equipped vehicles, the probability of reception 
increases on average signi?cantly beyond 20 percent. This 
increase is even more signi?cant When large and tall objects 
that obstruct or limit radio communication, as Well as 
different forms of radio interference, are introduced into the 
communication netWork. 

[0085] The application module comprises a transmitting 
timer that adjusts the frequency at Which the mobile com 
munication device attempts to connect to the Wireless 
medium and transmit packets. The period of transmitting 
timer is variable. This Was discussed in some detail With 
reference to the discussion above on BSTs, VSTs, and 
transmission frequency. Typically, the timer is initially con 
?gured such that an attempt to transmit a packet, or make 
multiple transmissions of the same packet is made every one 
second. The transmitting timer utiliZes many of the statistics 
gathered by the media access controller to vary the fre 
quency of transmission attempts. The transmitting timer 
adjusts the frequency at Which it causes the mobile com 
munication device to connect to the Wireless medium by 
Way of a simple-increase-multiple-decrease method 
(SIMD). According to SIMD, the transmitting timer is 
adjusted up and doWn as received radio traf?c decreases and 
increases. As detailed above, if the number of packets 
received by the mobile communication device decreases 
over time, then the period of the transmitting timer is made 
less so that the mobile communication device attempts to 
transmit packets more frequently. If the number of packets 
received by the mobile communication device increases 
over time, then the period of the transmitting timer is made 
greater so that the mobile communication device attempts to 
transmit packets less frequently. 

[0086] Turning back to FIG. 6, When a packet is received 
a transition occurs from either the on state or the off state to 

the rx_packet state. In the rx_packet state, the packet con 
tents, such as BST and VST data, are extracted, processed, 
analyZed, and stored as described above. 

[0087] FIG. 7 shoWs the vehicle_interface module ?nite 
state machine. InitialiZations are made at the init state, 
folloWed by a transition to the init2 state Where additional 
initialiZations are made. There are tWo initialiZation states to 
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avoid synchronization issues in the simulation. A transition 
is then made to the Wait state and then to idle. Upon the 
arrival of a packet from the application layer, a transition is 
made to the App_layer_arrival state, the packet is forwarded 
to the vehicle_mac layer, and the state transitions back to 
idle. Similarly, upon the arrival of a packet from the vehi 
cle_mac layer, a transition occurs to mac_layer_arrival, the 
packet is communicated to vehicle_application, and the state 
transitions back to idle. 

[0088] Referring to FIG. 8, the ?nite state machine for 
vehicle_mac 36 is shoWn. The state machine implements the 
IEEE 802.11 medium access control protocol and comprises 
much of the same code as provided in the library of the 
OPNET simulation tool for simulating an 802.11 ad-hoc 
MAC. Portions of the source code of the MAC Were 
modi?ed to support ad-hoc broadcast capability, data rate 
adjustments, packet queuing, and channel activity monitor 
mg. 

[0089] When the application module generates a packet 
and the packet is ready to be transmitted, the interface 
module signals the MAC to assign a broadcast address, as 
the destination address, to the packet. 802.11 folloWs dif 
ferent medium access procedures When transmitting a broad 
cast packet versus a unicast packet. When a packet is 
broadcasted there is no fragmentation of the packet at the 
MAC layer. As such, all packet length control functions are 
managed by the application module, as described above. 
Additionally, based on a dynamic data rate algorithm, the 
transmission data rate is adjusted based on link quality as 
de?ned in the 802.11 speci?cation. The data rates available 
for 802.11a, the standard used herein, are 6, 9, 12, 18, 24, 36, 
48, and 54 Mbps (megabits per second). The data rates 
available for 802.11b are 1, 2, 5.5, and 11 Mbps. 

[0090] In this particular media access controller imple 
mentation, at most one packet can be stored in a transmis 
sion queue maintained by the MAC. Since the application 
produces real-time location and speed updates, it is advan 
tageous that the latest packet generated by the application 
overWrite a previously generated, yet untransmitted, packet. 
Under heavy netWork load conditions, Whereby it is possible 
that hundred of vehicles are vying for access to the Wireless 
medium, it is possible that several seconds can pass before 
a packet is transmitted, further highlighting the importance 
that the transmitted packet comprise current and relevant 
data. 

[0091] Additional enhancements to the media access con 
troller enable the monitoring of loW-level radio statistics 
such as channel activity, Which includes information such as 
RSSI, SNR, and SIR. The media access controller enhance 
ments also include the ability to monitor the number of 
packets correctly received and forWarded to the application 
modules. Also, the media access controller module gathers 
additional information regarding colliding packets, errone 
ous packets, and noise as received and processed at the 
transceiver. The dynamic data rate algorithm uses these 
statistics to modify transmission data rates at the transceiver. 
The application module, or application program, also 
accesses these statistics in order to make many of the 
decisions described above, such as hoW many times to 
transmit the packet and hoW large of a packet to construct. 

[0092] Referring back to FIG. 8, tWo initialiZation states, 
init and bss_init, provide initialiZation functions, folloWed 
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by a transition to the idle state. These states, as Well as the 
folloWing states described all operate in accordance With the 
IEEE 802.11 standard. If upon monitoring the medium, that 
is the Wireless frequencies comprising the 802.11 ad-hoc 
netWork, the medium is determined to be idle, and there is 
a packet ready to be transmitted, a transition occurs from the 
idle state to the defer state. The MAC remains in the defer 
state for on the order of ten to several tens of microseconds, 
during Which time it continues to monitor the medium, and 
packet transmission is delayed. 

[0093] Upon exiting the defer state, a transition is made to 
the bkoff_needed state during Which it is determined if a 
back-off operation is required for avoiding contention for the 
Wireless medium. A back-off operation is required if the 
medium is determined to be busy, that is there is at least one 
other communication device contending for or using the 
medium. A back-off operation is also required if a back-off 
duration calculated in this state is other than Zero. The 
back-off duration represents a number corresponding to time 
slots in a contention WindoW, referred to as the contention 
WindoW interval. 802.11 speci?es a contention WindoW With 
32 time slots, 0 through 31. The number of slots increases 
according to a binary exponential approach (32, 64, 128, . . 
. ) up to 1024 depending on Whether collisions occur. The 
back-off duration is calculated even if the medium is idle 
during the defer state. 

[0094] If the medium is busy or the back-off duration is 
not Zero, the state transitions to the backoff state, during 
Which a back-off operation is performed. In the backoff state, 
a back-off counter is set to the number selected from the 
contention WindoW interval, and Whenever the medium is 
sensed idle for a period equal to one time slot, the back-off 
counter is decremented by one. When the back-off counter 
reaches Zero, the MAC may attempt to transmit the packet 
if the medium is idle. Since the number of back-off time slots 
are chosen at random, the probability that there Will be a 
collision, or contention for the medium, during the next 
attempt to access the medium is greatly reduced. 

[0095] If a back-off operation is not required, a transition 
is made from bkoff_needed to transmit, during Which the 
packet is transmitted. After transmission, a state transition to 
form_end is made to indicate a completed transition. The 
state machine then returns to the idle state. The Wait_for 
_frame state is not used in this implementation. That state is 
used When fragmenting packets. As discussed above, the 
application module constructs compact and ef?cient packets, 
performing all necessary packet length adjustments before 
sending the packet to the MAC module. 

[0096] Exemplary Results 

[0097] Projects, or simulation scenarios, are created using 
the simulator as shoWn in FIG. 9. The exemplary project of 
FIG. 9 comprises four intersecting freeWays, F1, F2, F3, and 
F4, each With end-to-end lengths of approximately ?fteen 
miles. F2 and F4 have speed limits of 65 mph. F1 and F3 
have speed limits of 25 mph. There are 25 equipped vehicles 
in this particular simulation starting off grouped together on 
the ends of the freeWays. The groups of vehicles are, 
vehicles 7, 9, 11, and 13 on one end of F1 and vehicles 8, 10, 
and 12 on the opposite end of F1. Vehicles 0, 2, 4, and 6 are 
on one end of F2 and vehicles 1, 3 and 5 are on the opposite 
end of F2. Vehicles 14, 16, 18 and 20 are on one end of F3 
and vehicle 15, 17, and 19 are on the opposite end of F3. 
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Vehicles 21 and 23 are on one end of F4 and vehicles 22 and 
27 are on the opposite end of F4. 

[0098] Upon commencing the simulation, the vehicle are 
free to move through the freeways, turn around on the 
freeways, vary their speeds, and cross over to other freeWays 
independently of other vehicles, on their Way to their des 
tinations. In addition to the speed limits imposed on the 
vehicles by the freeWay they are traveling on, the vehicle 
may also independently adjust their speed according to 
many distributions such as constant, uniform, random, 
Gaussian, heavy tail, and the like. Destinations for this 
scenario are the opposing ends of the freeWay that each 
vehicle started on. 

[0099] The simulator simulates mobile communication 
devices traveling With each vehicle, the mobile communi 
cation devices broadcasting and receiving traf?c congestion 
update data, analyZing the data as Well as link statistics, 
computing routes, and otherWise operating as described 
above. The simulation also includes a topographical map of 
actual digital terrain elevation data. In the example of FIG. 
9, the map represents a 20x20 mile area of northern Cali 
fornia. The numbers interspersed throughout the map rep 
resent contours that de?ne actual terrain elevations. The 
terrain is important for simulating the propagation of radio 
Waves betWeen vehicles, so accurate path loss calculations 
can be performed on a vehicle-to-vehicle basis. 

[0100] FIG. 10 shoWs the motions of three of the tWenty 
?ve vehicles along the freeWays throughout the simulation. 
It is noted that the paths Were not preset. Rather each vehicle 
made routing decisions based at least in part on traf?c 
congestion information received from surrounding vehicles. 
Additionally, it is noted that the Wireless medium is accu 
rately modeled and at any time, several vehicles may be 
contending for access to the medium. While only three 
vehicles are examined in this simulation, all 25 vehicles are 
moving simultaneously through the transportation netWork, 
With all vehicles making independent routing decisions. 

[0101] Throughout the duration of the simulation, Which 
represents 30 minutes, vehicle 9 travels solely on freeWay F1 
as can by seen by the arroW With label “Vehicle 9”. Vehicle 
9 is con?gured to make routing decisions solely based on a 
shortest path routing algorithm. As such, vehicle 9 does not 
attempt to cross over to any other freeWays, even though 
they may have had less congestion and a higher speed limit. 
FIG. 11 shoWs the speed of vehicle 9 throughout the 
simulation and indicates that vehicle 9 travels at a maximum 
speed of 25 mph, the speed limit of freeWay F1, until it 
reaches its destination at around time 85. Average and 
minimum speeds for vehicle 9 are also shoWn. 

[0102] The progress of vehicle 11 as it traverses the 
transportation netWork is shoWn in FIG. 9 by the arroW 
labeled “Vehicle 11”. Reference is also made to FIG. 12 
Which graphs the speed of vehicle 11 versus simulation time. 
Vehicle 11 employs O-D (origin-destination) routing algo 
rithms based on dynamic segment cost assignment such as 
those described above. Referring to the ?gures, vehicle 11 
begins by traveling on F1 at a maximum speed of 25 mph 
until it reaches the intersection of F1 and F3 at around time 
6. Based on received traf?c information, and on the current 
map of the transportation netWork, vehicle 11 proceeds on 
F3 and begins traveling at a higher average speed, and a 
maximum speed of 65 mph, as evidenced by the spike 
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shoWn in FIG. 12. Vehicle 11 continues on F3, While 
continuing to receive traf?c congestion updates from the 
other vehicles Within range, until it reaches the intersection 
of F2 and F3. In this example, traf?c congestion information 
from nearby vehicles trigger the routing algorithm for 
vehicle 11 to characteriZe F2 a poorer route than an alternate 
route. At the intersection of F2 and F3, vehicle 11 makes a 
u-turn, traversing back on F3 until it reaches the intersection 
of F3 and F1 at around time 11. Vehicle 11 then continues on 
F1 at a maximum speed of 25 mph until it reaches it 
destination at around time 80. 

[0103] Vehicle 13, employs O-D routing algorithms based 
on segment costs that have been pre-calculated based on the 
distance-to-speed ratio for each segment in the netWork of 
roads. Vehicle 13 begins on the same path as vehicle 11 
traversing F1 to F2. But at the intersection of F2 and F3, 
vehicle 13 determines that F2 is a better choice for travel 
based on the a-priori calculated and ?xed segment delays. 
With reference to both FIG. 10 and FIG. 13, Which shoWs 
the speed of vehicle 13, vehicle 13 continues on F2, and then 
on F4, at a maximum speed of 65 mph, until the intersection 
of F4 and F1 at around time 46. At this intersection, vehicle 
13 proceeds on F1, at a maximum speed of 25 mph, until it 
reaches its destination at around time 77. 

[0104] FIG. 14 shoWs the packets/sec sent and received 
by vehicle 13 throughout the simulation. Note the activity, 
particularly for the received traf?c. Received packets 
increases until around the time vehicle 13 hits the intersec 
tion of F2 and F3 at around time 17, Where vehicle 13 then 
continues doWn. Received packets then drop from a maxi 
mum of around 7.5 packets/sec to betWeen around 1 and 5 
packets/sec, indicative of more sparsely distributed vehicles, 
folloWed thereafter by varying received packet activity. 

[0105] The foregoing is only one exemplary simulation, 
and is intended solely to illustrate some of the interactions 
betWeen and operation of vehicles in a transportation net 
Work in light of the above discussions. 

[0106] As shoWn and described, the above mobile com 
munication device is operable With thousands of other 
mobile communication devices Within communication range 
of each other, and While traveling at high speed relative to 
one another. It is of note that only a very small percentage 
of vehicles need be equipped With the mobile communica 
tion device to realiZe many of the bene?ts of the mobile 
communication device and the transportation application. 
The exact percentage of vehicles that need to be equipped to 
achieve real-time vehicle routing based on congestion infor 
mation depends heavily on the surrounding environment, as 
Well as the density of vehicles at a given location. For 
example, for major commuting arteries in a suburban-like 
environment, a percentage as loW as 0.1% of vehicles on the 
roads and in communication range of each other need be 
equipped vehicle. Even at that percentage, traf?c congestion 
pockets can be identi?ed and relayed to other approaching 
equipped vehicles. 

[0107] Database Management 

[0108] Various techniques are implemented to keep the 
traffic database current and relevant, and to make ef?cient 
use of memory. The folloWing is a list of database manage 
ment techniques designed to limit the amount of memory 
needed in the communication device, reduce the bandWidth 








