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ABSTRAC'I-

A system for providing traffic information to a plurality of
mobile users connected to a network. The system comprises
a plurality of trafhc monitors, each comprising at least a

traffic detector and a transmitter, the trafic detector gener-
ating a signal in response to vehicular traffic and the trans-
milter transmitting the signal. A receiver receives the signals
liirm the traffic monitors. Acomputer system is connecled to
the receiver and is further connected to the network. The
computer system in response to a requesl signal received
tiom one of the users lransmits in response thereto infor-
mation representative of thc signals transmilted by the traffic
moniloring unils. Altemative systems for gathering traffic
information are disclosed.
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1

SYSTEM FOR PROVIDING TRAFTIC
INFORMATION

The priority date of Provisional Application Serial No.
60i130,399 filed Apr. 19,1999, Ser. No. 60i166,868 filed
Nov.22, 1999, and Ser. No. 60/189,913 filed Mar. 16,20Ui
are claimed.

BACKGROUND OF THE INVENTION

The present invention relates to a system for providing
traffic information, and more particularly a system for pro-
viding lraffic information to a plurality of mobile users
connected to a network.

Commuters have a need for information relating to the
congestion and traffic which they may encounter on a

commule over a road, a highway, or a freeway.
Unfortunatelv, the prior art melhods of providing trallic
inlbrmation to commuters do not allow commuters to e./alu-
ate the extent to which there is congestion on a highway on
which the commuter may wish to travel.

One known melhod of providing traffic information con-
sists of raclio reports. A radio station may broadcast traffic
reports, such as from a helicopter thal monitors lraffic
conditions over portions of a freeway. Unfortunately, these
reports are usually intermittenl in nature. Accoidingiy, to
hear the reporl, the commuter must be listening to the radio
slation a1 the time the report is being broadcast on the radio.
Further, the extent of the information provided is severely
limited to broad generalizations. For example, the inf,orma-
tion provitled during the broadcast may be limited to the area
being currertly viewed by the reporter, or the information
may be based on a previous view at a prior time of anolher
portion of the lieeway. Some broadcasts may include mul-
tiple observers of different portions of the l'reeway, yet these
syslems also provide incomplete information relating to
overall traffic pattems. In addition, the information provicled
is vague, subjective, and usually limited to broad gencrali-
tics rclating to traffic ffow.

Another known lraf6c information system is provided by
television broadcasts. In these systems, television stations
may mount video cameras poinled at certain portions of a

freervay, or may broadcast video images from a helicopter.
The television station may periodically broadcast traffic
reports and include in the traffic report a view of different
portions of the freeway from the video cameras. Again, this
system provides little useful information to a commuter. The
commuter must be watching the broadcast at the time the
information is being transmitted. However, by the time the
c{)mmuler actually gels into his vehicle and enlers a poten-
lially congested area, the trafic may have changed. Further,
the information provided is limited to those areas where the
traffic is being monitored and may consist of stale informa-
tion. Often the video image is limited to a small portion of
the road, and shows traffic flowing in a singlc direction.

Yet another method to provide lraffic information is to
provide a website that is accessible using the Intemet that
contairs traffic information. Whiie these types of systems
have the advanlage of providing more up to datc
information, these systems typically provide a map for a

large area. Thus, for a person commuting in a car, the syst€m
displays traffic information for many areas noi of interest to
the commuter. In addition, these types of syslems require
manipulation by the commuter to find the relevant traffic
inlbrmation. For example, while the map may allo*, the
commuter to zoom in on a parlicular area, the user musl
provide inputs to the system to instruct the system lo zoom

us 6,466,862 97
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in on a particular area. flowever, a commuter who is actively
clriving cannol operale a computer and drive at the same

time. In addirion, these systems may rely on manual entry of
data received from subjcctive traffic reporls andlor lraffic

s sensors. Thus this method may additionally suffer from
added cost due to manual labor, incorrect entry of data, and

slow response to quickly changing traffic conditions.

Fan et al., U.S. Pat. No. 5,959,577, disclose a system for
processing position and travel related information through a

10 data processing station on a data network. In particular, Fan

et a1. leach the use of a GPS receiver to oblain a measured
position fix of a mobile unit. The measured position fix is
reporled to the data processing station which associates the

reporlecl position with a map of the area. Typically, the
15 measurecl position of the mobile unit is marked and identi-

{ied by a marker on the map. The area map is then stored in
tbe data processing station and made available for access by
authorized monit"or units or mobile units. An authorized
monitor unit may request a specific area map. This permits

20 shipping companies to monitor the location of their fleet and

permits the mobile units to identify their current localion in
relation to a map, which is parricularly suited for the

applicalion ol navigalion to a parlicular destination- In
addition, Fan et al. teach that the measured position data

25 transrnitted from the mobiie units may be used to calculale
the speeds at which the vehicles travel. 'ltre colleclive speed

clata from the mobile units is then availablc Ior use by the

monitor units, such as those at the shipping company, to
route the vehicles away from traffic congestions and diver-

30 sions. In this manner, the dispatcher at the shipping
company, to which Fan el al. teaches the data is available to,
may use the collccdve speed data to decide which vehicles
to contact in order to reroute them.

Westerlage et al., U.S. Pal. Nos. 5,097,377 and 5,987,377 ,

" disclose a system for dete-rmining an expected time of arrival
of a vehicle equipped rvith a mobile unit.

Zijderhand, U.S. Pat. No. 5,402,117, discloses a method

of collecting trafic information to determine an origin-

.ro deslinalion matrice without inlringing upon the privacy of
tne users.

MandhlTan et a1., U.S. Pat. No. 5,539,645, is related to

moniloring movement of traffic aiong predetermined routes,
where individual moving elements can move with a high

45 degree of discretion as to speed except rvhen congcstion,
accidcnt or the likc iimit speeds. Mandhyan et al. uscs the

deployment of calibrant vehicles for collecling and reporling
information which describes vehicle speeds actually being
ex?erienced along the routes of interesl where the data are

56 processed statistically as a function of the time of day- The
outpul provides baseline data against which observations at

a particular time, category, weather, event, and location can

be compared, to identify the existence of abnormal
conditions, and to quantify the abnormality. To determine

55 abnormal conditions, Mandhyan et al. teach the use ofprobe
vehicles. In particular, Mandhyan et al. is applicable to
monitoring the flow of motor vehicles along roads which are

subjecl to delays of sufficient tiequency and severity that

correction action or dissemination of information announc-

6s ing a delay are economically desirable. Unfortunately, the

use of probe vehicles may be expensive and the relevancy of
the data is limiled to the availability of the probe vehicles.

Lappenbusch et a1., U.S. Pat. No. 5,982,29B, disclose a

traffic information system having servers that makes traffic
65 clata, images, and video clips available to a user interface on

clienl devices. Lappenbusch et al. envision that.lhe ciient
devices are personal or desktop computers, network
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3
compulers, set-top boxes, or intelligent televisions. The user
interface includes a road map showing a plurality of road
segments that a user can interactively select. Vehicular speed
inlbrmation is provided to the system from traffic sensors
monitoring the traffic. In addition, the user intcrfacr has a 5
road image area thal changes as the user selects differenl
road segments to show recent images of a currently selected
road segment. Unforlunately, the system taught by l-appen-
busch e1 a1. is complicated to operate and requires significant
user interaction to provide relevant da1a, which is suitable ,o
for such "slationary" traditional computing devices.

Smith, Jr. et al., U.S. Pat. No.5,774,827, disclose a systsm
to alieviate the need for sophisticated route guidance
systems, where the commuter has a positioning system as
well as a map database in a car. A central facility receives 15
and stores cunent tramc information for preselected com-
muler routes from various currenl traffic information
sources, such as local police autborities, toll-wav authorities,
spotters, or sensors deployed on the road ways to detect
trafhc flow To achieve the elimination of sophisticated route 26
guidance systems a porlable device receives a travel time
only for preselected commuter roules from the cenlral
facility. In this manner, Smith, Jr. et al. teach that each user
receives only the traffic information that is relevant to the
user's preselecied commuter routes. If desired, the prese- 25
lected commuter routes may be presented as a set of roule
segmenl-s, where each of the segments is coded to indicate
commute time. In response, the user may choose an alter-
native route knou'n by him that is different from any
preselecled commuler routes. Smith, Jr. et al. further suggest 39
thal a GPS enablcd portable unit for transmitting a presenl
position of thc porlable device to the central facility such
that the central facility uses each present position to calcu-
late at least a portion of the cunenl travel information. By
matching multiple positions of the portable device with j5
kno*'n positions on the preselected route and measuring the
time bet*,een t*'o consecutive matched positions the central
facility can obtain up-to-the minute trafnc information to be
used in broadcasting future lravel times to other users of
preselected commuter routes. Unfortunateiy, the system 46
taught by Smith, Jr. et al. requires the user to define a set of
preselected commuler routes fbr each route to be traveled,
n'hich may be difficult if the user is unfamiliar wirh the area.
In addition, Smith, Jr et al. teach that the user should select
allernativc routes that are known to the uscr, presumably if a5
the commute timc of the preselecred commuter roules arc
too long, which is difficult if the user is not aiready familiar
with lhe area.

Pielzsch et a1., U.S. Pat- No- 5,673,039, disclose a syslem
lor dynamic monitoring of the total lraffic in a stretch of road so
equippecl with monitoring and information-provision
systcm, as well as wamings to drivers, and hcnce the
possibility of regulating the traffic. The system does no1
require that the vehicles be equipped with appropriale sen-
sors and transmitting equipment. 5s

Akutsu et al., U.S. Pat. No. 5,987,374, disclose a vehicle
traveling guidance system that includes data providing
deviccs laid on a road and a vehicle. The vehicle includes a

data transmilter for sending a dala providing device travel-
ing data of the vehicle when the vehicle passes over the 60

vicinity of the data providing device and a data receiver for
receiving data sent from the data providing device. The
traveiing data may include vehicle pass time or vehicle pass
time and speed. The data providing devices laid on the road
include a receiver lbr receiving the traveling data ftom the os

vehicle and a transmitier for sending other passing vehicles
the traveling data. A control center communicating through

4
the data providing der.ices laid on the road can use lhe
received traffic data from the vehicles to predict lhe occur-
rence of traffic congeslion based on the pass time ancl speed

of a vehicle. It is assumed that at a certain point, vehicles
rvere lraveling smoothly at a certain time and tbc speed of
each vehicle has decreased drastically at the next time. In
this case it is expected thal traffic congestion will occur in
the vicinity of that point. Therefore, smooth travel can be
achieved by, for example, communicating to each vehicle
data etc. indicating bypasses in order not to worsen traffic
congestion. Therefore, a vehicle operator can gain knowl-
edge of the traveling state of a vehicle which has already
passed over that point and adjust travel considering traffic
llow.

While all of the above systems provide some degree of
traffic information for a commuter, neverlheless the above
systems do not provide an efficient method of coliecting and
presenting objective traffic information 10 a commuter. What
is desired, thereforc, is a system for providing 1raffic infor-
malion which allows a commuter to obtain information at

an)' time desired by the commuter, that provides information
relating to a plurality of points along a road, thal provides
informalion relating 1o different traffc levels, that provides
information that is particularly relevant to the commuter,
and that provides the intbrmation in an easily understood
format that may be easily utilized by a commuter while
driving.

BRIEF SUMMARY OF THE INVENTION

Ttre present invention overcomes the limitations of the
prior art by providing a system for providing trafEc infor-
mation to a plurality of users connected to a network. In a '
first aspect the present invention provides a system com-
prised of a plurality of traffic monitors, each comprising ai
least a lraffic delector and a lransmitter, the traffic detector
generating a signal in resporlse to vehicular lraflic and the

transmitter transmitting the signal. The system also includes
a receiver that receives the signals from the traffic monitors.
A computer system is connected to the receiver and is also
connected to the network. The computer system. in response
10 a request signal received from one of the users, transmits
in response thcrcto information represenlative of the signals
transmitted by the traffic monitors.

In a second separale aspect of the invention, a system
provides trafEc information to a plurality ofusers connected

to a network. Traffic is detecled at each of a plurality of
localions along a road and a signal is generaled al each of the
locations representative of the traffic at each of the locations.
Each of the signals is transmitted from each of tbe plurality
of localions to a receiver. These signals are sent liom the

receiver to a computer system. The computer system
receives a request from one of the users for traffic informa-
tion. In response to tbe request, the computer syslem lrans-
mits information representative of the traffic at each of the
plurality of locations to the us€r.

In a third separate aspect of the invention, a system
provides trafhc information to a plurality of users connected
to a network. Thc syslem comprises a plurality of mobilc
user stations, each mobile user station being associated with
the display, a global positioning system receiver and a
communicating device to allow each of the mobile user

stations to send and receive signals. A computer system is
interconnected lvith anolher communicating device in the

network. 1he computer system is capable ol sending and

receiving signals to the mobile user stations using the other
communicating device in the network. The computer system
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maintains a map database and a traffic information database.
The traffic informalion database contains intbrmation rep-
resentative of traffic data at a plurality of locations. At least
one of the mobilc user stations provides a request to the
computcr system for information together with the respec- 5

tive geographic location of the mobile user slation. In
response to the request, the compuler system provides to the
mobile user station information representative of selected
portions of the map database and selected poftions of the
traffic information database based on the respective geo- 10

graphic location of the requesting mobile user station. The
mobile user slation then displays graphically on the display
information representative of selected portions of 1he nrap
dalabase and selecled portions of the trattrc informalion
clatabase- 1s

The traffic information database may be derived from
information obtained from stationary traffic monitors,
mobile uscr stations, or a combination thereof. The mcbile
user station allo',r's traffic information to be displayed in a
variety of manners. The display can also show graphically 20

the location of the car on the display. The user may select
among differenl modes for displaying tr:flic j11o.-u,ioo oo
the dispiay.

Tbe various aspects of the present invention have one or
more of the following aclvanlages. The present invention 25

allows a commuter lo obtain traffic information at any lime,
u'ilhout waiting ftrr a reporl 1o be broadcast. The present
invention also allorvs detailed information relating to traffic
conditions based on measurements of the traffic, such as the
averase vehicular speeci or traffic density, to be supplied for 30

a plurality of locations along a road. The invention also
allou,s thc convcnicnt display of information in a readily
understood lbrm to the user, such as a graphical display.

The lbregoing and other features and advantages of the ..
invention will be more readily understood upon consider- -'
ation of the foliowing detailed description of the invention,
taken in conjunction with the accompanying drawings.

tsRIEF DESCRIP'IION OF THE SEVERAL
VIEWS OFTI]E DRAWINGS 40

FIG. I shows a schematic of an exemplary embodirnent of
& system lor providing trallic intbrmation.

FIG. 2 shows a fiont elevational view of an exemplary
traffc monitor. 45

FIG. 3 shou's an exemplary display for a user station.
FIG. 4 shorvs a schematic view of an exemplary embodi-

ment of a mobilc user unit of the present invention.
FIG.5 is a partial electrical schematic for a traffic monitor 5o

of IIC. 2.

FIG- 6 is an alternative exemplary display.
FIG. 7 shou's a schematic view of another is exemplary

embodiment of a series of trafEc monitors along a road.
FIG. 8 shows another exemplary display for a uscr station. 55

FIG. 9 is a flow chart for a method of processing video
data to yicld trafic inlbrmation.

FIG. 10 is a flow chart for an altemative method of
processing vicleo clata to yield lraffic information. 

60
FIG. ll is a rcbematic representation of a road system

having traffic sensors and vehicles at different locations
along the roacl.

FIG. 12 is a combined map and traffic inlbrmation data-
base representative of the road system depicted in FIG. 11. 65

l,lc- 13 is an exemplary embodiment of a centered
display.

6
FIG. 14 is an exemplary embodiment of an oft'set display.

FIG. 15 is an exemplary embodiment of a look ahead

d isplay.

FIG. L6 is a schematic diagram of a mobile user slation
having allernative mechanisms for inpulting commands to
the user stalion.

DETAILED DESCRIP'I'ION OI. lHE
PREFERRED EMBODIMENTS

Referring nolv to the figures, wherein like numerals refer
to like elements, FIG. 1 shows a schematic diagram of the
system 10 for providing traffic information to a plurality of
user slations 52 connected 1o a network 50. A plurality of
traffic monitors 20 are arranged at spaced apart locations
along a road 12. The traffic monitors 20 measure traffic
information by detecting the speed (velocity) or frequency
of vehicles traveling along the road (freeway or highway)
12. For example, in one embodiment, the traffic monilors 20
may detect. the speed of individual vehicles 14 lraveling
along the road 12. Alternatively, the traffic monitors 20 may
measure the frequency with which the individual vehicles 14
pass specilied points along the road 12.

FIG. 2 shows a liont elevational view of an exemplary
embodiment ot a traffic monitor 20. The traffic monitor 20
has a detector 22 for measuring or otherwise se nsing traffic.
FIG. 2 shows two different embodiments 22A and 228 of a

detector 22. The deleclor 22 may be any type of measuring
device which is capable of measuring or otherwise sensing
traffc and generating a signal representative of or capable of
being used to determine the tramc conditions. For example,
the detector 22 conld measure the average speed of the
vehicles (cars or trucks) 14 at locations along the road 12, or
it could measure lhe indir.idual speed (velocities) of each

vebicle 14. The detector 22 may detect vehicle frequency,
thal is, the frequency at which vehicles pass a cerlain poinl,
or may measure trallic l1ow, consist:ing of the oumber of
vehicles passing a certain point tbr a unit of time (e.g.,
vehicles per second)- The detector 22 may use any suitable
lechnique to measure traffic condilions (data). For example,
in one embodiment, the detector 22A could employ radio
wavos, light waves (optical or infrared), microwaves, sound
waves, analog signals, digital signals, doppler shifts, or any
other type of system to measure traffic conditions (data). In
one embodiment, the detector 22A uses a transmitted beam
to measure the velocity of the vehicles 14 passing along the
road 12, such as with a commercial radar gun or speed

deteclor commonly uwd by police . Alternatively, the detec-
Ior 22A may detect *'hen cars having magnetic tags or
markers pass. The detector 224 may either deiect signals
reflected liom the vehicle or signals transmitted by the
vehicles.

'lhe lraflic monitor 20 is shown with an alternative
embodiment 22B consisting of one or more pressure sensi-
tive detectors which extends across the road 12. Preferably
two spaced apart detectors are posilioned at a predetermined
spacing to make the velocity determination readily avail-
ab1e. The pressure sensitive detcctor 228 detects when a

vetricle passes over the dctector 22B. Such a pressure

sensitive detector may be used alone or in combination with
detector 22A to measure the frequency or speed (velocity) of
the traffic passing along the road 12. Likewise, the detector
22Amay be used alone or in combination with the detector
22B to measure the frequency or speed (velocity) of the
lralEc passing along thc road L2. Alternatively, detector 22B
could be a u,ire loop buried in the road to melLsure changing
magnetic fields as vehicles pass over the loop.
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7
The detector 22 may measure traffic conditions in a single

lane of a freeway or roacl, or may measure average traffic
information across several lanes. The detector 22 could also
be embcdded in cach lanc ofa road or freeway, such as with
a pressure sensitive delcctor 228. Alternatively, individual
detectors could be embedded in a roadway which would
sense signals or conditions generated by passing vehicles.
For example, each vehicle coujd include a maqnet or could
include a signaling device which would be detected by the
detector, which could be an electromagnetic sensor or a
signal receivcr.

Referring to trlG. 5, the trafiic monitors 20 may also
include a processor and a memory for collecting, processing,
and storing trafEc information provided by the detector 22.

The traftc monitor 20 pref'erably further includes a trans-
mitter 26 for transmirting the lrafEc information collected by
the detector 22. The transmitter 26 may be any tvpe of
device capable of transmitling or otherwise providing data in
either digital or analog form, either through the air or
through a conductor- For example, the transmitter could be
a digital or analog cellular transmitter, a radio transmitter, a
microwave transmitter, or a transmitler connected to a wire,
such as a coaxial cable or a telephone line. The transmitter
26 is shox'n as transmitting the signals through the air to a
receiver 30..Alternatively, the transmitter 26 could transmit
the data to an intermediate receiver before being transmitted
to the receiver 30. For example, several tra{fic monilors 20
could transmil traffic inlbrmation in a daisv chain manner
from one end of a roacl 12 to rhe last traffic monitor 20 at the
olher end of the road betbre being transmitted to receiver 30.
To facililatc this typc of transmission most traffic monitors
20 lr'ould require a rcceiver. Alternatively, one or morc
traffic monitors 20 could transmit data to other traffic moni-
tors 20, which in turn transmit the data to the receiver 30.

In ordcr to conscrve power, the lransmitler 26 and the
detectors 22 prel'erably transmit and sense informalion peri-
odjcallv rather lhan continuously. Furrher, the traffic infor-
malion generated b1' the detector 22 is preferably averagecl,
or otherwise statisrically modified, over a period of time so
as to linit the amount of data that needs to be transmitted
and increase its accuracy.

In one embodim€nt, the traffic monitoring unit 20 may
further include a video camera 29.The video camera 29 is
also connected 1t-l the transmitter 26, so that the transmitter
26 may transmit sigirals corresponding to the image sensecl
bv the video camera 29. Alternatively, the tratlic monitors 2l)
may be replaced by video cameras 29. Multiple images may
be obtained lry a video camera and the speed of the vehicles
14 determined based on image analysis of multiple frames
from the vicleo camera(s).

One preferrerl type of monitor 20 utilizes signals from a
digital video camera to provicle the traffic information.
Traffic-related information may be obtained by analyzing
thc video sequences from the monitoring video cameras 29.
The information may includc how fast the traffic moves and
how congested the roacl is. The speed of the traffic may be
derived by measuring the speed of vehicles in the video. The
degree of congestion may be estimated by counting the
number of vehicles in the video. This invention provides two
algorithms fbr eslirnating traffic speed and road congeslion
based on video input.

The first algorithm is based on optical flow and its flow
diagram is shown in FIG. 9. First, the algorithm performs
camera calibration based on the input video of the road and
the physical measuremenls of certain markings on the road.
Then the algorr'thm (1) takes a number of frames from the
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input video; (2) computes optical flow; (3) estimates camera
motion which may be caused by wind, etc., (4) estimates
independent vehicle motion after compensating the camera
motion; (5) estimates traffic speed based on the averaged

s vehicle motion and the camera parameters obtained from the
camera calibration step; estimates road congestion by count-
ing the number of independent molion components; and (6)
oulputs the estimated speed and congestion results.

The second algorithm is based on motion blob tracking
i0 and its bock diagram is shown in FIG. 10. First, the

algorithm performs camera calibration based on the input
video of the road and the physical rneasurements of certain
markings on the road. ltre algorithm (1) takes a number of
frames t'rom the input video; (2) estimates camera motion;

15 (3) detects independent motion blobs afler compensating the
camera motioq (4) tracks motion biobs; (5) estimates traffic
speed based on the averaged biob motion and the camera
pararneters obtained from the can:era calibration step; esti-
matcs road congestion by counring the number of indepen-

20 dent motion blobs; and (6) outputs the estimated speed and
congestion results.

Traffic monitor 20 further includes a power supply 24.
The power supply 24 is preferably a batlery, or may alter-

^ _ natively be a power line, such as a 12 or 120 volt power line.
" The traffic monitor 20 is shown with an optional solar powcr

supply 28. the power supply 24 or 28 provides the power
necessary for the detectors 22A andlor 22i8, Lhe transmitter
26, and any other eleclronics, such as a computer system
and/or video camera.

?o
The receiver 30 receives the signals from the traffic

monitors 20 andlor video cameras 29. The receiver 30 may
be any device capable of receiving information (dara) sucir
as in either an analog or a digital form. For example, the

.. receiver 30 ma1, be a digital or analog cellulaf receiver, a-" 
standard pbone, a radio receiver, an antenna, or a data port
capable of receiving analog or digital information, such as
that transmitted pursuant to a data protocol.

The receiver 30 receives the information frorn the traffic

40 monitors 20 and/or video cameras 29 and passes that infor-
mation to a computer system 40. the computer system 40
preferably includes a processor (such as a general purpose
processor,ASIC, DSP, etc.), a ciock, a power supply, and a

memory. The compuler system 40 preferably has a port 42,

45 or any type ofinterconnection, to interconnecl the computer
system 40 with the network 50. Prcferably, the computer
system 40 includes information representative of the road 12
along which the traffic monitors 20 are located, such as a
map database. The computer system 40 receives the traffic

59 information transmitted by the respective traffic monitors
20. The information transmitted by the traffic monitors 20
includes the location or identification of each oarticular
traffic monitor 20 together with the clata representative of the
trallic data provided by the detector 22 and/or video camera

55 29 at each traffic monitor 20. The computer syslem 40 may
manipulate lhe tramc information in some manner, as

necessary, so as to provide average speeds or other statistical
data. In the evenl of video, the computer system 40 may
process the images to determine the speed of vehicles. Also,

66 the video may be provided. Alternatively, the user stations
may process the traffc information.

In one embodiment, both the receiver 26 of the traffic
monitors and the transmitter 30 of computer sysiem are each
capable of receiving and transmitting data. This allows for

65 two way communication between the monitor 20 and the
computer system 40. Thus, the computer system 40 could
remotely operate the trallic monitor 20 to change settings,

Exhibit B
Page 19 of28



Traffic information may be provided to users in any s as necessary. lt is not necessary for the traffic monitors 20 to
suitable manner, such as the examples that follow. A user calculate traffic data, if desired. In response to a request from
station 52 is connected to the network 50. Preferablg the a user station 52, the computer system 40 provides the tra{fic
user station 52 includes a graphic display unit 54 (see FIG. information over the network 50 to the user station 52-

us 6.466.862 B1

910
diagnose problems, and otherwise provide input to traflic bylhevarioustrafficmonitors20andpassesthesesignalsto
monitor 20 to facilitate collection of traffic data. For the computer system 40. The computer syslem 40 receives
example, the video camera 29 could be remotely positioned the data from the traffic monitors 20. The computer system
to view a traffic lane of interesr may calculate or proc€ss the traffic information for the users,

3). For example, the user station 52 may be a standard The svslem 10 has manv advantages. Ii allows a user to
personal computer with a display monitor 54. The network ,o receive conlemporaneous lraffic information from a plurality
50 is preferably the Internet. However, the network 50 could of locations. 11 allows the user to obtain immediate infor-
also be a 1ocal area network or any other type of closed or mation rather than waiting for the broadcast of information
open nelwork, or could also be the tclephone network. The at specified times. Further, the amount of information pro-
user station 52 sends a signal over the network 50 to the vided by the system is far superior to that provided by any
computer svstem 40 requesting traffic information. In.. othertrafficreportingsystem.Ausercanobtainimmediate
response to receiving a iequest from the user station 52, the -- and contemporaneous traffic conditions, such as average
computer syslem 40 transmits traffic information represen- vehicular speed, trafhc flow, or vehicle frequency, for a

tative of the traffic information collected by the various plurality of locations along a road. Where traffic monitors
traffic monitors 20 to the requesting user station 52. The are provided along several diferent roads, a commuter may
computer system 40 may transmil average speeds detected 

"n 
then select among lhe various altemative routes, depending

by each of the traffic monitors 20 at each of their respective on the tralljc conditions fbr eacb road. The system also does
locations. The tralfic information may be presented to the not rely on the manual input of information, and thus
us€r as a web page. The computer syslem may send traffic provides information more accurately and more quickly. It
information corresponding to only some of the traffic mon! also eliminates subjective descriptions of traffic information
tors.Theusermayselectu'hichportionsoftheroad'12are r. byprovidingmeasureddatarepresentativeof trafficcondi-
of interest, and the computer svstem 40 mav transmil tramc tions.
information corresponding to that portion of the road 12. In one embodiment. the comDuter svstem 40 also receives

FIG.3 shows an exemplary display 54 displaying the thesignalsgeneratedbylhevideocameras29attherespec-
traffic information provided by the computer system 40. The tive traffic monilors 20. FIG. 3 shows an exemplary display
computersystem4Oprovidesdatatiomitsmemorywhichis 30 54 in which a video image 129 is provided. In this
represenlative of the road 12, such as data from a map embodiment, thc user may select from which lraffic moni-
database, which is displayed as a road 112 on the display 54. toring unit 20 the video imagc L29 is to be received from.
The compuler system 40 also provides traffic information For example, a user could initially select to view the image
collected by each, or a selecled set, of the respective traffic generated by the video camera at a first location, and then
monitors 20 which is displayed in portions ll4a-ll4d 35 later view the image transmitled by another video camera
andl'or the traffic information derived from individual mobile 29, preferably at anoiber traffic monitor 20, at a different
user stations having a global positioning system locator as location.
described in detail beiow. In the exemplary display shown in The system 10 preferably further includes the ability to
FIG. 3, the portions 114a-114d display different colors or send messages about road conditions. FIG. 3 shows such an
palterns represenlalive of average vehicle speeds (1br a6 exemplarymessage 130intex1 format.Thecompulersystem
example, in miles per hour) along dillerent portions of the 40 is capable of storing dala messages and transmitting the
road 112. Of course, tbe display may display other types of data messages with the rraffic information. The data mes-
information, such as traffic flow (vehicles per second) or sages would indicate items of particular interest to the
vehicle frequency. The display 54 may include information commuter. For example, the texl message L30 could indicate
in either graphical or text format to indicate thc portion of a5 that there was an acciclent at a particular location or
the road displaycd, such as location of milepost markcrs or milepost, that construstion was occurring at another location
place names 116 or milepost, or that highway conditions were particularly

While the display 54 shows one format for displaying the severe and tbat alternative routes should be selected. The
information, other ibrmats lbr presenting lhe intbrmation system 10 coulcl provide multiple messages through which
may likeu'ise be used, as desired- It is not necessary to 56 the user could scroli so as to receive differenl messages in
provide a graphical representation of the road 12. Instead, addition to the traffic information received from the various
informalion could bc provided in a textual manner, such as, traffic monitors 20. In another embodiment, the user station
for example, mile post locations for each of the traffic 52 includes a voice synthesizer capable of reading the
monilors 20 and presenting textual traffic information for messages to the user.
each location. ss In yet another embocliment, the syslem 10 may also

Thus, the system may operale as follows. The traffic provide additional graphical information relating to traffic
monilors 20 detect or otherwise sense traffic to provide conditions. For example, the computer system 40 could
traffic information. Thc trafific monitors 2O may detect or transmit the location of an accident or construction site
otherwise calculatc vehicle spced, average vehicle spced, along the road 12. The information would be displayed on
trafficflow,vehiclefrequencv.orotherdatarepresentativeof oo display 54 as an icon or other symbol at the location
the tramc. The traffic monitors 20 may sample eilher indicating the presence of an accident or highlvay construc-
continuously, or mav sample at intervals to conserve power. tion. Such an icon is shown at 140 in FIG. 3. Alternatively,
The transmitter 26 transmils the signals provided by the the computer system could also display an icon representa-
traffic monitors 20 to the receiver 30 either continuously or tive of a restauranl, gas station, hospital, rest area, or
al intervals. Such signals may be either transmitted directly os roadside attraction. In such a system, the computer system
to the receiver 30, or may be transmitted through other trafEc would contain or be linked 1o a database containing such
monitors 20. The receiver 30 receives the signals received infbrmation. The information could be displayed
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automatically, or in response to a request lbr such informa-
tion lrom a user.

In another exemplary embodimenl, the computer system
40 automatically generates tramc reports to be sent to the
user station 52 at predetermined timcs. For example, a user
may indicate that it wishes to receive a traffic report every
morning at7:30 a.m. The computer system 40 automatically
sends to the user station 52 a1 the predetermined time (7:30
a.m., for example) the traffic information collected from the
traffic monitoring units 20. The information could be sent to
be displayed, such as in FIG. 3, or could be sent alternatively
in a text or graphical format via e-mail. The traffic report
may also be provided in a format specilic to the user's
geographic region andT'or user's driving habits, such as
anticipated (potential) roule to be traveled. The computer
system 40 may also automatically send the traffic informa-
tion to a display in the user's vehicle in response to some
event, such as turoing on the vehicle, time, key press, etc.

In another embodimenl, the computer system 40 allows a

user to calculate the amount of time necessary to travei from
one location to another location along the road 12. The user
sends a request to the computer system 40 indicating the two
locations along the road along which travei is desired. The
us€r may, for exarnple, indicate on the display by highlighr
ing the tx'o locations on the road 112 using a computer
mouse. Alternatively, the two locations may include the
user's current location, as dctcrmined by a vehicle based
GPS system, so that only the destination needs to be entered.
The computer system 40 then calculates the anticipated
amount of time it will take to travel from one point to the
other point bascd upon the traffic data collected by the
various traffic monitors 20 between the two locations. In
addition, the system may calculate alternative routes in order
to determine the fastest route in view of the traffic informa-
tion. The computer system 40 then sends a signal back to the
us€r station 52 to indicate the amount of time that the lravel
from the lirst to the second location will take. The route
determined as the best uray be overlaid on a map to assist the
user in travel.

In yet another embodiment of the invention, FIG. 7 shows
a divided freeway with vehicle traffic flowing in opposite
directions in each of the divided sections. Each section of the
fteeway 12 has multiple lanes 12A-12C. The traffic moni-
tors 20 measure traffic in each of the lanes 12A-l2C of each
section 12 of thc divided freeway. The monitors 20 may
measure traffic on only one portion of the divided freeway,
or mav measure traffic conditions in each of the lanes of each
of the sections of the divided freeway. The monitor used to
measure traffic in multipie lanes may be a digital video
camera.

FlG. 8 shows yet another embodiment of a display 54,
which dispiays traffic intbnnation lbr each individual lane of
the divided freeway shown in FlG. 7- For example, in
display 54, the trafrc conditions in each individual lane
lI2A-llzC. is displayed for the road section 1L2. By dis-
playing conditions for each particular lane, the system has
the advantage of alloq'ing the user to anticipate particular
lane problems rvhich may occur ahcad, such as a wreck 140
in lane 112C. In addition, in an alternativE embodiment, the
display 54 is capable of displaying the individual location of
each individual vehicle on the road 112.

FIG. 4 shows an alternative embocliment of a user station
52. User station 52 is a mobile unit in a car 60. User station
52 has transmitling and/or receiving unis 64 for communi-
cating with the nel.r,vork 50. Such transmitting and receiving
unis 64 may be any devices capable of transmitting digital
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or analog data, srrch as, lbr example, a digital or analog
cellular phone.

The user slation 52 may also be contained within a car 60
that further includes an associated gkrbal positioning system

s (GPS) receiver 62. The GPS receiver 62 receives signals
from GPS satellites 70 whicb enable the GPS receiver to
determine its location. When a commuler requests traffic
informalion using the mobile user stalion 52, the request for
traffic information may include the location of the user as

,n determined by thc GPS receiver 62. When the computer
system 40 reccivcs this request, it provides lraffic informa-
lion back to the mobile user stalion 52 based on the location
of the car 60 as provided by the GPS receiver 62.
Alternatively, the computer system 40 may provide traffic
information to the user station 52 which in combination with

1s the position determined by the GPS receiver 62 disptays
suitable data to the user on a display or audibly. The user
station may also be a cellular phone with an integraied or
associated GPS.

FIG. 6 shows a represenlative display of the traffic infor-
20 malion provided by the computer system ,10. The informa-

lion provided is essentially the same as that shown in FIG.
3, except that the display 54 contains at 161 the position of
the car 60. The mobile user station 52 provides a significant
advantage in that it allows the commuter to immediately

25 determine traffic infornation in the commuter's immediate
vicinity based on the commuter's present location. The
commuter docs nol have to wait tbr a periodic traffic report.
Further, traflic conditions are provided at a plurality of
locations, and the information is contemporaneous. Based

30 on the receipt of such information, the commuter may decide
to use an altemate routc rather than continue on the current
frceway.

lhus, in the embodiment shown in FIG. 4, the system
provides tbe relevant traffic inlbrmation to the commuter or

35 user on a timely basis. The displav may be tailored to
provide the information for the cunent location of the
commuter, together with the upcoming traffic that lies ahead.

In a preferred embodiment, the system obtains tramc
information from users that have a GPS receiver 62. In this

40 system, whenever a user station 52 requcsls traflic informa-
tion from the computer system 40, the computer system 40
associates a velocity (speed) of that particular user with ils
current location. I'he velocity mav be determined through a

variety of methods. In one svslem, when the user requests
4s traffic information, the user station 52 supplies not only its

location but also its currenl velocity. The user station 52 may
obtain its current velocity in any fashion. For example, the

user station 52 may track its location over time using the
GPS receiver 62, and also keep track of the time associated

so rvith each location by using an internal clock. The velocity
could then be calculated Lry simply dividing the difference
betweeo respective locations by respective times.
Alternatively, tbe user station 52 may be connected to the
vehicle's speedometer or odometer, and measure velocity

ss using information provided by the vehicle 60 itself.
Allernativel1', the compuler system 40 irself could calculate
the velocity of each user. In such a system, each user station
52 would provide thc computer syslcm 40 with a unique
identification code together with its location. The computcr

oo system 40 then associates a time using an internal clock with
each location reported by each user. Preferably, the GPS

location is senl together wilh the current time at the user
station so that delays incurred in transmission do not change

the result. The velocity of each user could then be calculated
os by caiculating the diIlerence in location for a particular user

(identilied by ils unique identilication code) by the respec-
tive times associated with each of these locations.
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Thus, the computer svstem 40 develops a dalabase con-
sisting of the location of a plurality ofusers together with tlre
respective velocities of each of the users. The computer
system 40 thus has 1raffic information consisting at leist of
the velocity of the traffic for a plurality of locations corre- 5
sponding to the locations for each of the reporting users. It
is preferred in such a system that each user station 52 would
contribute to the database, but ttre computer system could
use data from fewer than all of ihe user stations 52 either
requesting information or operating. The system may thus 10
use the information received from the user stations 52 either
to calibrate the traffic information provided by monitors 20,
or to supplement the trafFc information provided by the
lraffic monitors 20. Alternatively, where the number of users
is sufficientiy large, the tramc monitors 20 may no longer be i5
necessary, because the users themseives through mobile user
stations 52 and GPS receivers 62 provide .enough traffic
information to generate usefirl displays of traffic informa-
tion. Thus, the system may provide traffic information
without the use of monilors 20 at all, relying solely on 26
information derived tiom the mobile user stations 52. With
a large number of users at a plurality of difierent locations,
the computer svstem 40 would deveiop a database having a
large number of velocities associated with a large number of
geographic locations. Ideally, if every commuter on a road 25
had a user station 52 wilh a GPS receiver 62, the computer
system 40 would provide not only velocity data but also
traffic density or tralilc fiequency data. Even without every
vehicle having a user slation 52 providing data to the
computer system 40, lraffic density or traffic frequency could 3s
be calculatecl using statistical techniques that correlato the
reporting user stations 52 with known traffic patterns.

'Ihus, the combination of the mobile user station 52. GPS
receiver and transmitting and receiving unirs 64 provides an
especialiy advantageous method for collecting traffic infor- 35
mation. Surprisingly, this system is capable of providing
traffic information that is superior to that collected by
stationary sensors. This is because traffic information may
bc potentially collecied at more locations based on the
number of mobile user stations 52, and because individual +o
vehicle speed can be monitored rather than average vehicle
speed. In addition, the system has a significanl cost advan-
tage in that it is not necessary to install traffic monitors 20,
or at least the number of traffEc monitors 20 that are
necessary can be substantially reduced. The system also 45
provides automalic traffic reporting, and thus does not rely
on thc manual input of data. Furthermore, the system is low
maintenance, sinc€ there are no traffic monitors 20 to
maintain. The system is also particularly robust, in that if a
particular mobile user station 52 malfunctions, traffc infor- 56
malion can still be collected for a1l locations based on dara
reported by olher mobiie users. In contrast, if a stationary
sensor 20 fails, no dala can be collected from that location.
Thus, the collection of 1raffic data from a plurality of mobile
user stations 52 to create a traffic information database s5
provides surprising advantages and a superior system for
providing traffic information.

In the svstem describcd above using mobile user stations
52 in vehicles, thc user station may initiate contact with the
computer system 40 by initiating a telephone call to the oo

computer system 40. Aitematively, the computer system 40
could initiate a call to the user station 52, such as over the
Internet using a rveb browser. The user station 52 would
respond with an appropriate signal if information was
requested. The user station 52 could also, even if no infor- os

matron was desired, provide ils currenl location (preferably
with current time), and oplionally its velocity as well, to

t4
allow the computer system 40 to gather additional traffic
information. This would be useful in the case of vehicle
based Internet browsing for other purposes so that the traffic
information would be updated fbr that user and others. In yet
another alternative, the user station 52 would initiate lhe
request to the computer system 40, indicating that traffic
information was desired- The computer system 40 would
then respond at a s€ries of timed intervals for a set length of
time, for example, providing updates every two minutes for
thirty minutes.

In yet another allernative embodiment of the system 10,
the mobile user station 52 is a cellular telephone. The
computer system 40 includes a voice synthesizer. Auscr may
telephone the computer system 40 over a cellular telephone
network. In response to a request lor highway conditions,
the computer system 40 generatgs a traffic report and trans-
mits the information usilg the voice synthesizer so that the
traffic information may be heard and understood over the
commuler's cellular telephone. 'Ihe location of the user may
be determined by an associated GPS receiver, or alterna-
tively by lriangulaling the location of the user by measuring
the distance between the user and several diff'erent trans-
mission receiving towers in clifferent cells.

In yet another embodiment of the present invention the
computer system 40 or user station 52 may calculale the best
route, such as the lastest, belween a starting point and a

destination based on the current traific conditions. fhis
functionality may furlher be provided in the mobile user
station 52 in the car 60 so that the driver may calculate the
best route lo accommodate for changing lraffic conditions.
This also assists thc driver in unfamiliar cities whcre he may
be unfamiliar with anticipatcd traftc patterns. The function-
ality of providing current tralfc conditions and,/or best route
calculations may be overlaid on maps avaiiabie for GPS
systems, household computers, and mobile user s1a1ions.

In addition, an early warning system may be incorporated
into the computer syslem, user station, or mobile user station
1o provide waming of impending traffic jams, such as thc
result of a traffic accident. For example, if thc avcrage
vehicle speed on a porlion of a road ahead of a driver is less
tban a preselected velocity, sucb as 25 mph. the computer
system 40 may send a rvaming signal to the mobile user
station 52. Alternalively, a velocity less than a preselected
percentage or other measure of lhe anticipated veiocily for
the particular road may be used as the warning basis. It is
also envisioned within the *-ope of the invention tbat data
communications may be accomplished using radio
broadcasLs, preferably encodecl in some manner.

Preferably, the computer system 40 and/or the mobile user
station 52 in a vehicle 60 has stored in its associated memory
a map database represenlalive of the road or highway
network that contains longitude and latitude information
associated with various geographic locations on the map.
-I'bis ailows easy integration of traffic data that has associ-
ated longitude and latitude information. For example, along
a particular section of a highway, the map database contains
the latitude and longitude of selected locations of the high-
way. Tbe latitude and longitude of thc various traffic sensors
20 may be predetermincd. When data representative of the
traffic al a particular sensor 20 is received, the computer
system 40 can easily display the traffic information for that
particular location on the map by associating the geograpbic
location of the sensor 20 with the longitude and latitude
information contained in the map database . Similarly, where
traflic information is derived from individual mobile user
stations 52 in vehicles 60 which report latitude and longitude
derived tiom the mobile GPS receivers 62, the computer
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system 40 can ecsily associare lhe traftic information
received from lhe ntobile user station 52 with the map
database based on lhe user's reported latitude and loneitude.
Thus, by ulilizing a map darabase that contains latitu;e and
longitude information for various locations, the svstcm can
easily overlay traffic informatioo on top of the 

-displayed

map data bv associating the geographic data (latitude and
longitude) corresponding ro the tramc information with the
geographic data corresponding to the map.

F'IGS. 11 to 12 illusrrate such a svstem. F'IG. 1-l shows
schematically a seclion of a road having various locations
20lJl8. Along the road are positioned various sensors
20a-2$d whose geographic locations have been determined.
Traveling along the road are a variety of users 401-404
having respective user stations and GPS receivers. FIG. 12
illustrates one embodiment of a map and traffic information
database that may be developed to provide trafic informa-
tion over the network lo individual users. Each of the various
locations (or road segments) 201_21.8 has an associated
ionginrde and latitucle. In addirion, the database may option-
ally contain the associated road, as well as optionally the
direction that traffic moves at that location (for example,
using a 360 degree compass, 0 degrees would represent
straight north while 90 degrees would represent itraight
east). The databasc also includes traffic information, such as
the average vehicle velocity calculated for that location.
Thus, for example, referring to FlG. 11, the trallic monitor
2Oa may be used to provide the vehicle velocity for location
202. User 401 may be used to provide the vehicle velocity
at location 210.

Of course, while a database has been illustrated that
combines bottr map and traffic inforrnation, the system could
use two or more databases containing portions of the
infbrmation, such as a separate map database and a separate
trafllc inlormation database. An examplc clf a map database
useful with such a system is Etak Map@ tiom SONY@. The
map database could resicle on either or both the computer
system 40 or the mobile user station 52.

When a user requests trafhc information from the com-
puter system 40, the computer system 40 transmits the
requested data based on either the geographic location of the
user, or lirr the geographic location requested by the user.
The computer system 40 either sends the raw trafrc data
requesled by the user, or sends a signal representative of the
map and/or traffic database which may be used by the user
station 52 to rcprcsent the map and traffic informalion on the
display 54.

'llre advantage of using a map database thal contains
longitude and lalitude inlbrmation associaled with various
locations on a map is that the system allows easy and
automatic integration of traffic information, either to a
database or for display. Thus, traffic information mav be
collected from an individual userwho provides the longitude
and latitude for that user based on information derived from
the user's GPS receiver 62. The computer system then
matches the location of the user to the map database based
on the received longitude and latitude information. The
compuler system 40 can then overlay the traffic information
data received from the user onto the map database based
upon the provided longitude and latitude information. Thus,
the svstem allows traffic information to be updated for a map
database, even though the routes of the individual users are
not predetermined. In other worcls, it is not necessary to
knou' the particular route of an inclividuai user in order to
collect useful traffic informarion and to uDdate a traffic
information clatabasc.

'lhe traffc information database may be configured to
provide traffic informalion to optimize the analvsis of tramc
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intbrmation both by locaaion and time. The spacing of the
locations for which traffic information is associaled may be
either every half-mile, mile, etc. The spacing depends on the
locations of ground bas€d trafrc monitors and the numbe r of

5 cars traveling through a particular'spacing. If, for example,
there are traffic monitors spaced every half-mile, then the
traffic intbrmation database may report lrallic information
for each of those locations. However, lbr a section of road
that does not have traffic monitors, the spacing of the

,o locations associaling traffic information depends on the
frequency of vehicles passing along the highrvay and which
are reporting traffic conditions. For example, where the
traffic density is high, there will be a large number of
vehicles from which to gather data, and accordingly the

15 spacing between locations may be small, such as % mi1e.
However, where the traflic density is low, there may be few
vehicles from which to gather data, and thus the spacing may
be large, such as 3 miles. The 1raffic information database

may be conligured so that the spacing is oplimized based on

,o the ability to collect data ior different areas. ltrus, for a

section of freeway in a congested area, the spacing of
locations for traffic infbrmation may be short, such as %
mi1e, while in outlying areas the spacing may be large, such
as every three miles.

zs Similarly, the amount of time over which data is coilected
and averaged may be varied. Ideally, the traffic intbrmation
presenied represents trafllc conditions at that momcnl in
time. However, it may be necessary to collect data lbr a

length of time in order to gather enough data to either report

30 any tramc information at all, or to insure that lhe traffic
information is truly rcprescntativc of conditions at that
location. Where traffic density is high, the length of time
over which data is collected and used to determine traffic
conditions may be short, fcr example three minutes. In

35 contrast, u'here traffic levels are light, data may be collected
for a long period of time, sucb as fifleen minutes. When used
to determine traffic information, the data may be averaged
over the period for which data has been collected.
Alternatively, the traftlc infornration could be weighted, so

4s that older trafic intbrmation, though used, is given less
weight when determining traltrc inlirrmation for a particular
location.

By varying the spacing between locations for which data
is associated in ttre database and the length of time over

a5 which information is collected, the database may be con-
figured to optimize the crrllection and presentation of tral[c
information. For areas with high trallic density, the data may
be galhered over a short period of time, and the spacing
between locations may be small. For areas with low trafEc

56 density, the data may be gathered over long periods of time
and the spacing may be large. The database may be config-
ured as traffic conditions change, so that during periods of
congestion the information is gathered only over a short time
for a particular area, rvhile during periods of freely flowing

ss traffic, the information is gathered over a longer time for the
same area.

The present invention provides several alternative meth-
ods for displaying traffic information to a commuter using a

mobile user station 52. These various altematives allow the
60 us€r to customize the display 54 to provide the desired

information, and to minimize the amount of operation
needed while driving. In one display embodiment, the
display 54 centers the location of the user on the displayed
map, and is referred to herein as the "Centered Display." In

65 the Centered Display, the mobile user station 52 determines
the longitude and latitude of the commufer based on infor-
mation obtained t'rom the GPS receiver 62. The mobile user
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station 52 then displays the position of the commuter at the
center of the display 54 as shown in FlG. 13. The traffic
information and roadway dala is then displayed around the
commuter by comparing the longitude and latitude of the
user $.ith thc longitude and latitude associated with the
various map locations containecl in the map database. The
individual user may preselecr thc scale o t the map which will
be displayed based on the user's prelcrence. Fbr example,
the user may wish lo sborv an area of one mile radius
centered around the user, or two mile radius, or so forth. As
the user drives along a road and the user,s geographic
location changes, the user stalion 52 and/or computer svstem
40 adjusts thc display 54 to reposirion thc map and iraffic
information on the display 54. Thus, the map and traffic
information scroll along the display 54 as the user moves
along a road. For example, if the display 54 shows map and
traffic information a{ a scale of one inch per mile ancl the
direction north is shown at the top of tbe iisplay, ihe map
and traffic infcrmation would scroll down one inch as the
user drives one mile north. 'lhe display 54 would continu-
ously show the location o.f the user at the center of the
display 54 even rhough the geographic location of the user
changes-

A particular advantage of the Centered Display as dis-
cussed above is that the location of the user can immediately
be ascertained from a quick glance at the display 54, because
the location of the user is always al the center of the clisplay
54. The user is no1 required to adjust the display 54 by input
ting information to the user station 52 in order to constantly
view the surrounding traffic information, even as the loca-
lion of the user changes. l-hus a commuter, by selecting the
Centcred Displav, may view constantly updated traffic infor-
mation for his location without requiring any inpur from the
commuler.

Alternatively, the display may be preselecled to show the
location of the user at a dill'erent location on the display 54,
but that continues to show the geographic location of the
uscr at a singlc location on the display 54, even as the
geographic location of thc user changes. This is referred to
as an "Oft'set Display." This is a variirion of rhe '.Cenrered
Displali" but allows rhe us€r 1cl adjusr the display 54 to show
more information of interesl to the user. For example, if the
user is lraveling north, and north is shown at the top of the
display 54, the user may choose to display his localion near
the bottom of the display (otrset trom the center) so as to
display a greater amounl of trallic information in the north-
ern direction. Such a display is shown in FlG. 14. Like the
"Centered Display," as the geographic location of the user
changes, the map and traflic inlormarion is automatically
scrolled to show the surrounding road and trafrc, while
maintaining the location of rhe user on the display 54. The
"Offset Display" is parricularly suited for clriving along a
relatively straight road, so thal the user has relativelv more
upcoming traffic inlormation displayed.

Yet anolher ahernative display allows the user to display
rupcoming traffc informalion for the road on which ihe user
is traveling, referred to herein as the "LookAheacl Display.,'
In the Look Ahcad Display, rhc display 54 displays the
location of the user near an edge of the display 54 so as to
maximize the amounl of upcoming road and traffic infor-
mation which is displayed. In the Look Ahead Display the
computer system 40 andlor the user slalion 52 determines
the direction of the user based on data received from the
GPS receiver 62 and compares that direction to the road the
user is traveling on. The map and traftic inlormation is then
selected so as to maximize the amount of road shown ahea<l
of the driver. The user may selecr 1o either display the map
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and traflic information so that the cardinal ordinares North,
South, East and West remain fixed (for example North is
always at the top of the display) or the road is generally
centered (for example vertically on the display) without

5 regard to the cardinal ordinates. For cxample, when the
dispiay maintains North at the top of the display, and the user
is traveling south, the display 54 would display the location
of the user near the top of the display 54, so as to increase
lhe amount of the road ahead of the user that is displayed.

,o If the road then curved, so that the user was heading in an
easterly direction, the display 54 would show the location of
the user near the left hand side of the screen so as to display
the road ahead to the east (east appearing on the right hand
side ol the screen). This is illustrated in FIG. 15. By

15 conslantly comparing lhe direction of movement of the user,
as determined from the data received from the GPS receiver
62, with the road information contained in the map database ,
thc system maximizes the amount of map and traffic infor-
mation displaycd based on the location and direction of

,o travel of the user.

Yet another type of display is the "Stationary Display." In
this type of display, the underlying map data remains
"motionless" while the displayed location of the user
changes according to the movemenl of the user. For

25 example, initially, the user's geographic location on the map
may be shown at the center of the screen. As the user moves
along a road, the user's location would change on the display
54, while the position of the road relative to the screen would
remain constant. (An example of such a display is shown in

30 FIG. 6). Ifthe user moved to a location not displayed, a new
map would be displayed, showing thc location of the use r on
the new map screen. The Stationary Dispiay is useful where
the map database is divided into discrete units lhat roughly
correspond to "pages." The Stationary Display can sho.w the

35 map data corresponding to a particular page on the display
54. New pages can be shown as the user's location changes.
The Stationary Display may be preferred where the user is
familiar with the surrounding area. The Stationary Display
may also be less disconcerting to lhe us€r, because only a

ae small portion of the screen is changing (the displayed
location of the user) as the user's geographic location
changes. The Stationary Display may also achieve some
efficierlcies for the system, because the computer syslem 40
would only be required to send enough data {o fi1l display 54

45 to show the map for the area surrounding the location ofthe
user and then update as necessary for new traffic informa-
tion. Thus, the map database could be divided into discrete
portions, each portion containing enough information to flIl
a display. In response to a request from a mobile user station

56 52 providing location information deriv.ed from the GPS
receiver 62, the computer system 40 identifies the corre-
sponding portion of tlre map database to the user station 52.
'Ihe user station 52 may manage the task ol integrating the
map database with the user's location to display the geo-

55 graphic position of the user.

New map data would only be sent if the user's geographic
location changed enough so that a different portion of the
map database corresponds to the new location.

Yet another mode for displaying map and traffic informa-
60 tion is to display a particular area of interest (referred to as

the "Area Display'). The Area Display displays a particular
geographic area of interest to the commuter. The location of
the commuter may or may not be displayed, depending on
whether the commuler is located within the area. To receive

os an Area Display, the mobile user station 52 transmits the
location of the area of interest, and in response, the computer
system 4{l provides pertinent map and/or trallic information.
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The Area Displ ay may be especially aclvantageous where the
commuter wishes to view a particular area of inlerest that
may be some distance awav from lhe commuter.

Typically the maps may bc displayecl wilh different
amounts of dctail, frceways, highways, parks, arterials, side
streets, etc., u'hich may be selected by the user. The amount
of road detail provided for a particular region may be
associated with the map provided and the technique of
presentation to provide additional ease of use.

Various alternatives may be used lo commancl the user
station 52 afid/or computer syslem zH] to display map and
tralllc inlbrmalion. In one embodiment. where the network
is tbe Internet, the system may provide a seltings preference
u'eb page 10 the user lo allow the user lo select the user's
individual display s€tlings. Thus, the user may select the
scale of the display (i.e. one inch of display equals one
geographic mile); the sizc of thc display (ro accommodate
different scrcen sizcs); the frequency at rxhich thc map and
traffic information is updated; the particular default display
type (such as the "Centered Display," ,.Look Ahead
Display," "Stationary Display," "Area Displa1,,,' or other
type); and whelher information banners are to be displaved.
The ability to choose the frequency with which rriffic
information may be updated may be useful to allow the user
to control the cost of providing the information to the user.
For example, where the cos{ <lf being connected to the
network is high, lhe user may wish to receive only shorl
periodic updates (such as an update every five minutes) to
reduce lhe expense of receiving data.

The user may aiso set rhe time duration for which the
lraffic information is displayed to thc user. The user may
choose, for example, 10 alternate between the traffic infor-
mation web si1e, and another web site. Thus, the comDuter
system 40 may transmit trafEc informarion for 30 seconds,
and then may transmil information such as stock quotes
from anolher wcb site for 30 seconds.

In addition to default settings, or settings that are preset by
tlre user, the user station 52 may be capabie of receiving
input from the user to actively change how information is
displayed in response to user commands. ln one
embodiment, lhe user slation 52 includes a microrrhone 53
and voice recognition softwrre to allow the user jtation 52
to respond to the voice commands of the user. (See FIG. 16).
Thus, the user may by using vcrbal commands selcct a
particular mode of display, requcst an update of the traffic
information, or change the scale of the map. Allernatively,
the user station 52 may have a key'board to accept inpul
commands via the keyboard. Alternatively, the user stalidn
may have onlv a control panel 55 having several key pads 57
which correspond to particular types of preset commands.

For example, one key pad may allow a user to request
traflic information. Anothcr key pad may allow a user to
zoom in on the map (i.e. ctrange scale 1o show more detail),
while another key pad would cause the display to zoom out
(i.e. change scale ro shon'more area). Another key pad may
select for the Stationary Display, rvhile yel another may
select for the Look Ahead Display. The uscr station 52 may
allou'the uscr to prcset the key pads 57, such as via a web
page preferences page, so that the key pads correspond to the
user's particular prei'erences. The use of key pads to select
the mode in which information is displaved has severai
advantages. The key pads eiiminate- fumbling by the
commuter, and thus are safer to use than a kevboard. Tbey
keypads also allow the user to quickly move between
dillerent types of modcs of presentation, so that the com-
muier may maximize the amount of information received.
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When using data from individual mobile user stations 52

to determine traffic inlbrmation, il may be desirable to
screen the data to determine whether it will be included in
tbe trafEc information database. One type of screening may

5 involve comparing the geographic iocation of the user with
particular features stored in the map database. For example,
where the user is located at a stop sign, it may not be
desirable to include the user's reported velocity in the
database. The computer system 4{f may be programmed so

16 that data received from users at stop signs will not be added
to the traffic database. Accordingly, when the user reports its
geographic location, the computer system 40 compares the
geographic location of the user with the rnap database. When
the computer system 40 delermines that the user is located

1s at a stop sign (or other location, as desired), the dala is
rejected. Thus, the vehicle speed data lransmitted by the user
is screened based on the particular location of lhe user.

It may also be desirable Io scresn out data from users that
are not traveling along roads of interest. For example, the

20 computer system 40 may maintain a limited traffic informa-
tion database that only stores tralfc information for selected
major roads. Thus, the traffic information database may
contain clata for fewer roads than contained in the map
database. If a user is traveling along a side street which is not

25 included in- the traffic information database, the data
received from the user is rejected or otherwise not used.
Thus, the compuler system 40 compares the geographic
location of the user with the geographic locations of the
roads maintained in the traffic infomtation database. If the

30 user reports a location that is not on a road for wbich traffic
information is maintained in the traffc information database.
the user's particular traffic information is rejected.

Another type of screening that may be desired is to
compare the direction of lravel of each user with the

:s direction of travel on various roads before adding the user's
vehicle speed to the traffic informalion database. Tbis may
be particularly important where the resolution of the GPS
receiver 62 is such that the location of the user may be
confused witb one or more roads. Fbr example, a user may

+o be traveling along a divided road with lanes of traffic
traveling in opposite directions, but lhe resolution of the
GPS receiver 62 does not allow the computer system 40 to
determine with conlidence in which lane the user's vehicle
is traveling- In order 10 determinc what portion of the traffic

+s information database to update, thc computer system 40
and/or user slation 52 creates a directional vector associated
with the user which represents the user's direction of travel.
The directional vector is determined based on the movement
over time by the user. For example, the directional vector

50 may be represented by a number ranging from 0-359; with
0o represenling travel straight north, 90" straight east, etc.
When information is received by the computer system 40, it
compares the rlirections of travel of the various roads near
lbe geographic location of the user wilh tbe user's direc-

ss tional vector. For example, the geographic information
reported by the GPS receiver 62 inclicares that the user is
localed near a particular road that has north/south lanes with
traffic traveling in each direction. Thc user's directional
vector indicates that the user is travcling south- The com-

60 puler system 40 therefore updates the traffic information
database to add the data received from the user 10 the traffic
information database for the lanes of traffic moving in the
user's direction of travel. Other instances in which the
directional vector would be useful would be where a user is

65 crossing a particular road, such as when traveling along an
overpass or an underpass, and the resolution of the GPS
receiver is such that the comnuler svstem 40 is unable to
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determine wilh confidence on which road the user is trav-
eling. The use of the directional vector thus prevents tlre
cornputer system 40 from incorrectly updating the traffic
information database. In addition. tbe altitude comoonent of
the GPS data may bc used to discriminarc bctwccn users on
overpasses or roads that are vertically offset from one
another-

Yet another lype of screening may be necessary where the
user reports no movement. In this instance, it may be
desirable 1o determine whetber the user's dala should be
added to the database, because the user may be stopped
along the side of the road while tratfic is nevertheless
moving. Thus, the computer system 40, when it receives
data from a user indicating thal the user has not moved since
the last time the user reported data, may cross check the data
through a variety of algorithms. For exarnple, the computer
system 40 may compare the data reported by the user with
the trafEc informalion for that portion of the road determined
from dala taken from scnsors and/or other mobile uscrs. If
the traffic information deriveci from other sources indicates
that traflic is moving along the road, the no movement dala
received from the particular user wouid be rejected.

Alternatively, the computer system 40 may be associatecl
wilh a system that allows a user lo request assistance in lhe
event of a breakdown. The coniputer system 40 could check
to see whether the user has reported a breakdorvn, and if so,
reject the traffic data.

Yet another method for filterins data is to screen data
received from particular use.s ancl/or classes of devices
which are capable of functioning as user stations. For
exampie, it may be desirable to exclude trafic data received
from buses, because buses do not provide representative
velocity data due to frequent stops. Thus all data from buses
could bc excluded. Allernatively, clata from particular types
of user stalions coulcl be exclucled. For examole. the com-
puter syslem 40 could maintain a clalahase ofihe perticular
types of devices used by dift-erent users. Because data from
hand heid devices may not correspond to a vehicle moving
along a road, thc computer systcm 40 may rcjcct data from
the class of hand hcld computing dcvices. Thus thc system
could distinguish between different classes of users and/or
user stations 52 to determine whether to accept traffic data
from that user station.

In another embodimenl, fhe present inventors came to the
realization lhat mcrcly encoding thc image with a rcpresen-
tation of thc traffic flow relative to a singlc fixed value is not
optimal. An example of such coding rr,'ould be red is 0-30
mph, yellow is 30-40 mph, and green is 4O+ mph. This
coding is adequate for freeways but when roads are encoded
that have lower speed limits, the encoding should be relative
to what the speed limil is so that the user knows the relative
speed of traffic on the road. Thus coding may correspond to
relative speed rather than absolute speed. For example, a

freeway with speed limit 5-5 mph would be coded (F30 mph
red, 30-40 mph yellow and 40+ mph green, while a side
road with a 3-5 mph speed limit would be coded 0-20 mph
red, 20J5 mph yello*. and 25+ mph green. This permits
relative encoding which is easier to interpret. Alternatively,
encoding may bc based on other relative measures, such as
for examplc, anticipated traffic flow tbr that particular road,
section of road, time of da.v, and statistical history measure
of traffic in the past. When multiple freeways in the area are
all busy, such as Seattle, coding for absolute values may
show everylhing as red. However, if relative coding is used,
the traffic flow may be relative to other roads so that lhe
encoding dynamically adjusts to encode onc road relalive to
one or more other roads. In this manner, for example, lhe
"fast" road may be green and the "slow" road may be red.
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While the present invention has been described in the
conlext of providing traffic information, the present inven-
tion may also be used to provide location specific informa-
tion to mobile users. In one such embodimenl, an informa-

5 tion database may bc crcated for weather reports, in which
various wealher reports are associated with respective geo-
graphic locations. A user in a vehicle 60 may request a

weather report from the mobile user station 52. The request
would include the user's geographic location as determined

.^ bv the GPS receiver 62. In response to the request, the
'" comouter svstem would access the weather databasc and

select the wealher report associated with that geographic
Iocation. 'Ihe location specific weather report would then be
transmitted to the mobile user station 52. The weather report
rvould then be displayed or otherwise communicated 10 the

15 user through speakers. Other similar information dalabases
couid likewise be prepared to associate particular informa-
tion with geographic locations. In this manner, a user at a

mobile user station 52 may easily obtain highly reievant
information that is specific to the localion of the user. In

20 preferred embodiments of the system, the user may receive
both traffic information and other location specific informa-
tion at the same time, in sequence, or as requested by the
user. In one such embodiment, the user may preselect the
information to be retrieved and the sequence of display or

25 communication.
The terms and expressions which have been empioyed in

tbe foregoing specification are used therein as terms of
description and nol of limitation, and there is no intention,
in the use of such terms and expressions, of excluding

3{l equivalents ofthe features shown and described or portions
thereot it being recognized that the scope of the invention
is defined and limited only by the claims which follow.

What is claimed is:
1. A system for providing traflic information to a plurality

r) of mobile users connected to a network, comprising:
(a) a plurality of trafftc monitors, each said traffic monitor

comprising at least a delector and a transmilter, said
detector providing a signal including data representa-
live of vehicular movement and said transmitter trans-40 mitting said signals;

(b) a receiver, remotely located from said transmitter, that
receives said signals transmitted by said traflftc moni-
tors; and

4< (c) a compuler system interff)nnectecl with said receiver'- 
and said network:

(d) a mobile user station connected to a gkrbal positioning
system receiver, a display, and a communicating
device: and

50 (e) sa'id computer system, in response to a request for
traffic information from one of said mobile user

stations, providing in response thereto to said one of
said mobile user stations traffic information represen-
tative of said signals transmitted by said tralhc moni-

55 tors;
(0 wherein said traffic information lransmitted by said

computer system is displayed graphically on said dis-
play; and

(g) wherein said computcr system has a map database, and
60 said computer system, in response to said request for

informalion, lransmits map information repres€ntative
of a portion of said map database, and said map
information representative of said map database is
displayed graphically together with said traffic infor-

65 mation.
2.'l-tre system of claim 1 wherein said traffic intbrmation

is displayed together with a video image.
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3. The system of claim 1 wherein said traflic infbrmarion
is displayed with a lext message.

4. The system of claim 1 wherein said traffic detector
detecls vehicular speed.

5. The syslem of claim 1 wherein at lcast one of said 5

transmitters transmils directly to said receiver.
6. The system of claim I wherein at least one of said

transmitters transmits to another traffic monitor.
7. The system ofclaim 1 wherein at least one ofsaid traffic

monitors includes a video camera. 10

8. The system of ciaim 7 wherein said detector is a video
camera.

9. -Ihe syslem of claim 1 wherein said user provides
latilude and longitude information to said computer system.

10. The system ofclaim 1 wherein said computer system 15

selects said traffic information to provide to said mobile user
station based on a signal received from said global position-
ing system receiver.

ll. The system of claim 10 wherein said computer system
maintains a traffic information database containing data zo
representative of traffic at a plurality of localions and
updates said tramc information database in response to
signals rdceived from said mobile user station.

L2. The system of claim 11 wherein said mobile user
station displays both the location of said mobile user station 25

and lraffc information graphically on said display.
13- The system of claim 12 wherein said mobile user

station has an input mechanism 1cr select a mode in which
traffic information is shorvn on said display.

14. A system for providing traffic informalion to a plu- :o
rality of mobile users connected ro a nctwork, comprising:

(a) a plurality ofvchicles, each said vchicle comprising at
least a mobile user station, a global positioning system
receiver and a lransmitter, said mobile user station
providing a signal including data representative of a 3s

location of said mobile user station and at least one of
a speed of said vehicle and an identification cocle of
said mobile user station and said transmitter transmit-
ting said signal;

(b) a receiver that receives saicl signals transmitted by said a0

user stations; and

(c) a computer system interconnected with said receiver
and said network, said computer svslem, in response to
a request for information tiom one of saicl mobile Dsr ,.
stations, providing in responsc thereto to said one of -

said mobile user stations informalion reDresentative of
said signals transmitted by said mobile user stations;

(d) wherein said vehicle further comprises a display and
said information transmitted by said conrputer system 50
is displayed graphically on said display; and

(e) wherein said computer system has a map database, and
said computer system, in response 1o said request for
informalion, transmits informalion representative of a
portion of said map database, ancl saicl information ss
representative of saicl map clatabase is displayed graphi-
cally.

L5. The system of claim 14 wherein said computer system
maintains a traffic information database containins informa-
tion representative of traffic at a plurality of locitions and oo

updates said traffic information database in response to
signals received from stationary trafEc monitors.

16. The system of claim 15 wherein said compuler system
screens data provided by said mobile user stations 1o deter-
mine betbre updating said tralDc information database. 6s

17. The system oI claim 14 wherein the location of said
one of said mobile user slations is displayed graphically on

24
said display together wilh said traflic inlbrmation provided
by said computer system-

18. The system of claim 17 wherein said location of said
vebicie is shown at a point on said display regardless of
movr:mcnl of said vehicle.

19. The system of claim 17 wherein said displayed
localion of said vebicle depends on said localion of said
vehicle, so that the displayed location changes as the vehi-
cle's location changes.

20. The system of claim 14 wherein said mobile user
slation has an input mechanism to selcct diffcrent modes of
displaying traffic information on said dispiay.

21. A system for providing tramc information to a plu-
rality of mobile users connected to a nelrvork, comprising:

(a) a plurality of mobile user stations, each mobile user
station being associated with a display, a global posi-
tioning system receiver and a communicating device to
allorv each of said mobile user stations lo send and
receive signals;

(b) a computer system inlerconnected with another com-
municating device and a network, said computer sys-
tem being capable of sending and receiving signals to
and from said mobile user stations:

(c) said computer system including a map database and a

traffic information database, said trafic information
database containing data representative oI tramc at a

plurality of locations;
(d) at least one of said mobile user stalions providing a

request to said compuler syslem for information
together with a respective geographic location of said
one of said mobile user stations, and in response
thereto, said computer system providing to said one of
said mobile user statioDs inlbrmation representalive of
selected portions of said map database ancl selecled
portions of said traffic information database based on

said respective geographic location of said one of said
mobile user slations; and

(e) said one of said mobile user stations displaying
graphically on said display information representative
of said selected portions of said map database and said
selected portions of said traflic intbrmation database.

22. The system of claim 2l wherein said computer system

is connected to a plurality of traffic monitors, and said traffic
information database contains data derived from said traffie
monilors.

23. The system of c1aim22 wherein said computer system
updates said traffic information database based on data

received from said mobile user slations.
24. The system of claim 23 wherein said computer system

compares data from said mobile user stations with said data

derived from said traffic monitors before updating said traffic
information database.

25. The system ofclaim 21 wherein said computer system
updates said tralfic information database based on data

received from said mobile user stations.
26. The system of claim 21 rvherein said map dalabase

conlains longitude and iatitucle information for localions
within said database.

27.The system of claim 26 whercin said lraffic informa-
tion database and map database are integrated using said
longitude and latitude information.

28. The system ofclaim 27 wherein each said mobile user
station provides longitude and latitude information to said
compuler system.

29. the syslem of claim 21 wherein said computer system
transmits inlormation which is displayed a's an information
banner on said display.
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30. The s.vstem of claim 2l wherein said mobile user 33.Thesystemof claim2lu'hereinsaidcomputersystem

stations each have an input mechanism for selecting the screens data provicled by saicl mobile user stations lo deter-

mode of displaying information on said display. mine wheiher said data corresponds 1o actual tramc condi-

31. The systenr ofclaim 21 wherein saicl location ofsaid - 
tio:: 

- - --,^a^* ^,
one or said mobile user starions is disprayed graphicarli ' ."1i#:;fjT$:::T,3L:::j1H":i::,TtJ:ffJ'jH

32. 'Itre system of claim 3l wherein said displaved stations with said map database before updating said traffic
localion of said one of said mobile user stations changes information database.

based on movement of said mobile user station. 
* * * i r
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