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METHOD FOR DETERMINING TRAFFIC
INFORMATION, AND A DEVICE ARRANGED
TO PERFORM THE METHOD

FIELD OF THE INVENTION

[0001] The present invention relates to a method for deter-
mining traffic information.

[0002] Also, the present invention relates to a device
arranged to perform the method.

STATE OF THE ART

[0003] Prior art navigation devices based on GPS (Global
Positioning System) are well known and are widely employed
as in-car navigation systems. Such a GPS based navigation
device relates to a computing device which in a functional
connection to an external (or internal ) GPS receiver is capable
of determining its global position. Moreover, the computing
device is capable of determining a route between start and
destination addresses, which can be input by a user of the
computing device. Typically, the computing device is enabled
by software for computing a “best” or “optimum” route
between the start and destination address locations from a
map database. A “best” or “optimum” route is determined on
the basis of predetermined criteria and need not necessarily
be the fastest or shortest route.

[0004] The navigation device may typically be mounted on
the dashboard of a vehicle, but may also be formed as part of
an on-board computer of the vehicle or car radio. The navi-
gation device may also be (part of) a hand-held system, such
as a PDA.

[0005] By using positional information derived from the
GPS receiver, the computing device can determine at regular
intervals its position and can display the current position of
the vehicle to the user. The navigation device may also com-
prise memory devices for storing map data and a display for
displaying a selected portion of the map data.

[0006] Also, it can provide instructions how to navigate the
determined route by appropriate navigation directions dis-
played on the display and/or generated as audible signals
from a speaker (e.g. ‘turn left in 100 m”). Graphics depicting
the actions to be accomplished (e.g. a left arrow indicating a
left turn ahead) can be displayed in a status bar and also be
superimposed upon the applicable junctions/turnings etc. in
the map itself.

[0007] It is known to enable in-car navigation systems to
allow the driver, whilst driving in a car along a route calcu-
lated by the navigation system, to initiate a route re-calcula-
tion. This is useful where the vehicle is faced with construc-
tion work or heavy congestion.

[0008] Itis also known to enable a user to choose the kind
of route calculation algorithm deployed by the navigation
device, selecting for example from a ‘Normal’ mode and a
‘Fast’ mode (which calculates the route in the shortest time,
but does not explore as many alternative routes as the Normal
mode).

[0009] Itis also known to allow a route to be calculated with
user defined criteria; for example, the user may prefer a scenic
route to be calculated by the device. The device software
would then calculate various routes and weigh more favour-
ably those that include along their route the highest number of
points of interest (known as POIs) tagged as being for
example of scenic beauty.
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[0010] Inorder to determine a route between start and des-
tination addresses, the navigation device uses map data.
Depending on stored or input preferences (shortest route,
fastest route, scenic route, . . . ), the navigation device com-
putes an “optimum” route using the stored map data. How-
ever, the “optimum” route may differ from time to time,
depending on the current situation on the road. It may for
instance depend on the amount of vehicles on certain seg-
ments of the road, possible traffic jams, congestion, diver-
sions etc.

[0011] US 2002/0128770 A1 describes a system to provide
a driver with real-time information about the situation on the
road. The system uses cameras to make pictures of the earth’s
surface. The cameras may be cameras positioned on the
ground or may be cameras positioned on a satellite. The
server transmits (part of) a picture to a navigation device
mounted on a client’s vehicle. The navigation device is
arranged to display the received picture to allow the client to
assess the situation on the road.

[0012] Known navigation devices are arranged to take into
account changing road situations and conditions. Such navi-
gation devices are arranged to receive information on traffic
jams from a server. This information is used by the navigation
device when planning a route or may be used to re-route an
already planned route. The information about traffic jams is
for instance collected using detection systems embedded in
the road surface measuring the speed of the passing vehicles.

SHORT DESCRIPTION OF THE INVENTION

[0013] Itis an object of the invention to provide a method
that provides an alternative way of collecting traffic informa-
tion.

[0014] Inorder to obtain this object, the invention provides
a method according to the preamble, characterized in that the
method comprising the following:

[0015] receiving at least one photograph of a portion of
the earth’s surface comprising at least one road segment
using an input/output device,

[0016] recognizing a number of vehicles on the at least
one road segment in the at least one received photograph
using a processor unit, and

[0017] determining traffic information based on the at
least one recognized vehicle.

[0018] This method provides an alternative way to collect
traffic information. The method can be executed by a com-
puter device. Collecting traffic information using photo-
graphs, for instance taken from a satellite, is an easy and
reliable way to collect traffic information.

[0019] According to an embodiment of the invention, the
recognition of the number of vehicles is done using pattern
recognition techniques. This is an easy and reliable way to
recognize vehicles using a computer or the like.

[0020] According to an embodiment of the invention, map
data is used as input for the pattern recognition techniques.
This enhances the pattern recognition as cars may be easier
recognized when, from the map data, it is already known
where they are expected to be.

[0021] According to an embodiment of the invention, the
method further comprises computing a speed of the number
of recognized vehicles based on the at least one received
photograph. This may be done by determining the amount of
vehicles on a road or road segment, and estimating the aver-
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age speed of the vehicles on that road or road segment. How-
ever, also other techniques may be used to compute or esti-
mate the speed of vehicles.

[0022] According to an embodiment of the invention, the
speed of the number of vehicles is computed by

[0023] determining a vehicle density for a road segment,
and
[0024] estimating from the vehicle density an average

speed of the number of recognized vehicles in the road
segment. This is an advantageous way to estimate the
average speed of vehicles based on only a single photo-
graph. It is known that traffic slows down when it
becomes more dense.
[0025] According to an embodiment of the invention, the
vehicle density for a road segment is determined by determin-
ing a ratio between a number of pixels in the photograph
belonging to aroad or road segment with a first colour (n,,;)
and a number of pixels with an other colour (n,,,,,). This ratio
is an indication for the amount of traffic on a road or road
segment. According to this embodiment, no pattern recogni-
tion techniques need to be employed.
[0026] According to an embodiment of the invention, the
speed of the number of recognized vehicles is computed by
determining an amount of blur of the number of recognized
vehicles. Based on this embodiment, the speed of vehicle can
be computed based on a single photograph.
[0027] According to an embodiment of the invention, the
method comprises:

[0028] receiving at least two photographs of a piece of
the earth from a photographing device, the first photo-
graph being made at a first point in time and the second
photograph being made at a second point in time,

[0029] recognizing a number of vehicles in the first pho-
tograph,
[0030] recognizing a number of vehicles in the second

photograph,

[0031] computing the distance traveled in between the
first and second photograph by at least a part of the
number of vehicle recognized in both the first and sec-
ond photograph,

[0032] computing a speed of the number of recognized
vehicles using the computed distance and the first and
second point in time. Based on two photographs, the
speed of recognized vehicles can be computed in a
straightforward and reliable way.

[0033] According to an embodiment of the invention, the
method further comprises comparing the computed speed of
the number of recognized vehicle to a reference speed asso-
ciated with the road segment the number of recognized
vehicles is recognized on. Based on this comparison it pos-
sible to determine if road conditions are changed, for instance
whether there is a traffic jam or the like.

[0034] According to an embodiment of the invention, the
method further comprises comparing the computed speed of
the number of recognized vehicles to a predetermined mini-
mum speed. According to this embodiment, there is no need
to store a reference speed for each road or road section, saving
memory space. The determined speed is just compared to a
minimum speed.

[0035] According to an embodiment of the invention, the
method further comprises

[0036] determining the positions of the recognized
vehicles,
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[0037] comparing the determined position with map
data, the map data comprising information about park-
ing places,

[0038] determining the availability of'the parking places.
This way information can be collected about the avail-
ability of parking places which can be used to guide a
user to an available parking place.

[0039] According to an embodiment of the invention,
wherein the method further comprises:

[0040] compiling a signal comprising the determined
traffic information,

[0041] transmitting the compiled signal. The determined
traffic information may for instance be information
about the computed speed of the at least one recognized
vehicle or the availability of parking places. In case the
traffic information is about the computed speed, the
signal may only be compiled and transmitted if the com-
puted speed of the at least one recognized vehicle differs
from the reference speed by more than a predetermined
threshold value, or is below a predetermined minimum
speed. The signal may be broadcasted, but may also be
transmitted in a point to point communication mode
(server to navigation device).

[0042] According to a further aspect, the invention relates
to a device comprising an input-output device, memory units
and a processing unit the processing unit being arranged to
communicate with other devices using the input-output
device, and being arranged to communicate with the memory
units, characterised in that the device is arranged to

[0043] receive at least one photograph of a portion of the
earth’s surface comprising at least one road segment
using the input-output device,

[0044] recognize anumber of vehicles on the at least one
road segment in the at least one received photograph
using the processing unit

[0045] determine traffic information based on the num-
ber of recognized vehicles.

[0046] According to an embodiment of the invention, the
device is a server, arranged to compile a signal based on the
determined traffic information and transmit the signal using
the input-output device. By transmitting a signal comprising
the determined traffic information to for instance a navigation
device, the navigation device can use the information to plan
a route.

[0047] According to an embodiment of the invention, the
device is a navigation device arranged to plan a route.
[0048] According to an embodiment of the invention, the
navigation device is arranged to plan a route based on the
determined traffic information.

[0049] A further aspect of the invention relates to a vehicle,
comprising a device according to the invention.

[0050] According to a further aspect, the invention relates
to a computer program, when loaded on a computer arrange-
ment, arranged to perform the method according to the inven-
tion.

[0051] According to a further aspect, the invention relates
to a data carrier, comprising a computer program according to
the invention.

SHORT DESCRIPTION OF THE DRAWINGS

[0052] Embodiments of the invention will now be
described, by way of example only, with reference to the
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accompanying schematic drawings in which corresponding
reference symbols indicate corresponding parts, and in
which:

[0053] FIG. 1 schematically depicts a schematic block dia-
gram of a navigation device,

[0054] FIG. 2 schematically depicts a view of a navigation
device,
[0055] FIG. 3 schematically depicts a system according to

an embodiment of the invention,

[0056] FIG. 4 schematically depicts a server according to
an embodiment of the invention,

[0057] FIG.5 schematically depicts a flow diagram accord-
ing to an embodiment of the invention,

[0058] FIG. 6 schematically depicts a flow diagram accord-
ing to an alternative embodiment of the invention, and
[0059] FIG. 7 schematically depicts a system according to
a further embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0060] FIG. 1 shows a schematic block diagram of an
embodiment of a navigation device 10, comprising a proces-
sor unit 11 for performing arithmetical operations. The pro-
cessor unit 11 is arranged to communicate with memory units
that store instructions and data, such as a bard disk 12, a Read
Only Memory (ROM) 13, Electrically Erasable Program-
mable Read Only Memory (EEPROM) 14 and a Random
Access Memory (RAM) 15. The memory units may comprise
map data 22. This map data may be two dimensional map data
(latitude and longitude), but may also comprise a third dimen-
sion (height). The map data may further comprise additional
information such as information about petrol/gas stations,
points of interest. The map data may also comprise informa-
tion about the shape of buildings and objects along the road.
[0061] The processor unit 11 may also be arranged to com-
municate with one or more input devices, such as a keyboard
16 and a mouse 17. The keyboard 16 may for instance be a
virtual keyboard, provided on a display 18, being a touch
screen. The processor unit 11 may further be arranged to
communicate with one or more output devices, such as a
display 18, a speaker 29 and one or more reading units 19 to
read for instance floppy disks 20 or CD ROM’s 21. The
display 18 could be a conventional computer display (e.g.
LCD) or could be a projection type display, such as the head
up type display used to project instrumentation data onto a car
windscreen or windshield. The display 18 may also be a
display arranged to function as a touch screen, which allows
the user to input instructions and/or information by touching
or pointing the display 18 with his finger.

[0062] The processor unit 11 may further be arranged to
communicate with other computing devices or communica-
tion devices using an input/output device 25. The input/output
device 25 is shown to be arranged to equip communication via
a network 27.

[0063] The speaker 29 may be formed as part of the navi-
gation device 10. In case the navigation device 10 is used as an
in-car navigation device, the navigation device 10 may use
speakers of the car radio, the board computer and the like.
[0064] The processor unit 11 may further be arranged to
communicate with a positioning device 23, such as a GPS
receiver, that provides information about the position of the
navigation device 10. According to this embodiment, the
positioning device 23 is a GPS based positioning device 23.
However, it will be understood that the navigation device 10
may implement any kind of positioning sensing technology
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and is not limited to GPS. It can hence be implemented using
other kinds of GNSS (global navigation satellite system) such
as the European Galileo system. Equally, it is not limited to
satellite based location/velocity systems but can equally be
deployed using ground-based beacons or any other kind of
system that enables the device to determine its geographical
location.

[0065] However, it should be understood that there may be
provided more and/or other memory units, input devices and
read devices known to persons skilled in the art. Moreover,
one or more of them may be physically located remote from
the processor unit 11, if required. The processor unit 11 is
shown as one box, however, it may comprise several process-
ing units functioning in parallel or controlled by one main
processor that may be located remote from one another, as is
known to persons skilled in the art.

[0066] The navigation device 10 is shown as a computer
system, but can be any signal processing system with analog
and/or digital and/or software technology arranged to per-
form the functions discussed here. It will be understood that
although the navigation device 10 is shown in FIG. 1 as a
plurality of components, the navigation device 10 may be
formed as a single device.

[0067] The navigation device 10 may use navigation soft-
ware, such as navigation software from TomTom B.V. called
Navigator. Navigator software may run on a touch screen (i.e.
stylus controlled) Pocket PC powered PDA device, such as
the Compaq iPaq, a telephone device as well as devices that
have an integral GPS receiver 23. The combined PDA and
GPS receiver system is designed to be used as an in-vehicle
navigation system. The invention may also be implemented in
any other arrangement of navigation device 10, such as one
with an integral GPS receiver/computer/display, or a device
designed for non-vehicle use (e.g. for walkers) or vehicles
other than cars (e.g. aircraft).

[0068] FIG. 2 depicts a navigation device 10 as described
above.
[0069] Navigator software, when running on the navigation

device 10, causes a navigation device 10 to display a normal
navigation mode screen at the display 18, as shown in FIG. 2.
This view may provide driving instructions using a combina-
tion of text, symbols, voice guidance and a moving map. Key
user interface elements are the following: a 3-D map occupies
most of the screen. It is noted that the map may also be shown
as a 2-D map.

[0070] Themap shows the position ofthe navigation device
10 and its immediate surroundings, rotated in such a way that
the direction in which the navigation device 10 is moving is
always “up”. Running across the bottom quarter of the screen
may be a status bar 2. The current location of the navigation
device 10 (as the navigation device 10 itself determines using
conventional GPS location finding) and its orientation (as
inferred from its direction of travel) is depicted by a position
arrow 3. A route 4 calculated by the device (using route
calculation algorithms stored in one or more of memory
devices 11, 12, 13, 14, 15 as applied to map data stored in a
map database in memory devices 11,12, 13, 14, 15) is shown
as darkened path. On the route 4, all major actions (e.g.
turning corners, crossroads, roundabouts etc.) are schemati-
cally depicted by arrows 5 overlaying the route 4. The status
bar 2 also includes at its left hand side a schematic icon
depicting the next action 6 (here, a right turn). The status bar
2 also shows the distance to the next action (i.e. the right
turn—here the distance is 50 meters) as extracted from a
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database of the entire route calculated by the device (i.e. a list
of'all roads and related actions defining the route to be taken).
Status bar 2 also shows the name of the current road 8, the
estimated time before arrival 9 (here 2 minutes and 40 sec-
onds), the actual estimated arrival time 25 (11.36 am) and the
distance to the destination 26 (1.4 km). The status bar 2 may
further show additional information, such as GPS signal
strength in a mobile-phone style signal strength indicator.
[0071] As already mentioned above, the navigation device
may comprise input devices, such as a touch screen, that
allows the users to call up a navigation menu (not shown).
From this menu, other navigation functions can be initiated or
controlled. Allowing navigation functions to be selected from
amenu screen thatis itself very readily called up (e.g. one step
away from the map display to the menu screen) greatly sim-
plifies the user interaction and makes it faster and easier. The
navigation menu includes the option for the user to input a
destination.

[0072] The actual physical structure of the navigation
device 10 itself may be fundamentally no different from any
conventional handheld computer, other than the integral GPS
receiver 23 or a GPS data feed from an external GPS receiver.
Hence, memory devices 12, 13, 14, 15 store the route calcu-
lation algorithms, map database and user interface software;
a processor unit 12 interprets and processes user input (e.g.
using a touch screen to input the start and destination
addresses and all other control inputs) and deploys the route
calculation algorithms to calculate the optimal route. ‘Opti-
mal’ may refer to criteria such as shortest time or shortest
distance, or some other user-related factors.

[0073] More specifically, the user inputs his start position
and required destination into the navigation software running
on the navigation device 10, using the input devices provided,
such as a touch screen 18, keyboard 16 etc. The user then
selects the manner in which a travel route is calculated: vari-
ous modes are offered, such as a ‘fast” mode that calculates
the route very rapidly, but the route might not be the shortest;
a “full’ mode that looks at all possible routes and locates the
shortest, but takes longer to calculate etc. Other options are
possible, with a user defining a route that is scenic—e.g.
passes the most POI (points of interest) marked as views of
outstanding beauty, or passes the most POIs of possible inter-
est to children or uses the fewest junctions etc.

[0074] Roadsthemselves are described in the map database
that is part of navigation software (or is otherwise accessed by
it) running on the navigation device 10 as lines—i.e. vectors
(e.g. start point, end point, direction for a road, with an entire
road being made up of many hundreds of such segments, each
uniquely defined by start point/end point direction param-
eters). A map is then a set of such road vectors, plus points of
interest (POIs), plus road names, plus other geographic fea-
tures like park boundaries, river boundaries etc, all of which
are defined in terms of vectors. All map features (e.g. road
vectors, POls etc.) are defined in a co-ordinate system that
corresponds or relates to the GPS co-ordinate system,
enabling a device’s position as determined through a GPS
system to be located onto the relevant road shown in a map.
[0075] Route calculation uses complex algorithms that are
part of the navigation software. The algorithms are applied to
score large numbers of potential different routes. The navi-
gation software then evaluates them against the user defined
criteria (or device defaults), such as a full mode scan, with
scenic route, past museums, and no speed camera. The route
which best meets the defined criteria is then calculated by the
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processor unit 11 and then stored in a database in the memory
devices 12, 13, 14, 15 as a sequence of vectors, road names
and actions to be done at vector end-points (e.g. correspond-
ing to pre-determined distances along each road of the route,
such as after 100 meters, turn left into street x).

[0076] FIG. 3 schematically depicts a system according to
the invention.
[0077] FIG. 3 depicts a satellite 30, comprising a ground

photographing device 31 and a transmitter device 32. The
ground photographing device 31 is arranged to take photo-
graphs of vehicles 50 on the ground surface of the earth. The
vehicles 50 may comprise navigation devices 10.

[0078] The satellite 30 uses the transmitter device 32 to
transmit photographs to a server 40. The satellite may also
comprise a receiver. The receiver may also be formed inte-
grally with the transmitter 32, forming a transceiver.

[0079] Itwill be understood by a skilled person that satellite
30 may further comprise additional devices to perform the
tasks explained above. The satellite 30 may for instance com-
prise a processor unit and memory devices. The processor
unit may be programmed to control the ground photograph-
ing device 31 to take photographs of certain locations on the
ground. The photographs may then be stored in the memory
devices before they are transmitted to the server 40. The
server 40 comprises a receiving device. The receiving device
may for instance be an input/output device 425.

[0080] The server 40 may be positioned remote from the
satellite 30. The server 40 may be a computing device, for
instance such as shown in FIG. 4.

[0081] FIG. 4 shows a more detailed schematic block dia-
gram of an embodiment of a server 40, comprising a proces-
sor unit 411. The processor unit 411 is arranged to commu-
nicate with memory units that store instructions and data,
such as a hard disk 412, a Read Only Memory (ROM) 413,
Electrically Erasable Programmable Read Only Memory
(EEPROM) 414 and a Random Access Memory (RAM) 415.
Also, processor unit 411 may be arranged for performing
arithmetical operations.

[0082] The processor unit 411 may also be arranged to
communicate with one or more input devices, such as a key-
board 416 and a mouse 417. The keyboard 416 may for
instance be a virtual keyboard, provided on a display 418,
being a touch screen. The processor unit 411 may further be
arranged to communicate with one or more output devices,
such as a display 418, a speaker 429 and one or more reading
units 419 to read for instance floppy disks 420 or CD ROM’s
421. The display 418 could be a conventional computer dis-
play (e.g. LCD) or could be any other suitable display. The
display 418 may also be a display arranged to function as a
touch screen, which allows the user to input instructions
and/or information by touching the display 418 with his fin-
ger.

[0083] However, it should be understood that there may be
provided more and/or other memory units, input devices and
read devices known to persons skilled in the art. Moreover,
one or more of them may be located physically remote from
the processor unit 411, if required. The processor unit 411 is
shown as one box, however, it may comprise several process-
ing units functioning in parallel or controlled by one main
processor that may be located remote from one another, as is
known to persons skilled in the art.

[0084] The server 40 is shown as a computer system, but
may be any signal processing system with analog and/or
digital and/or software technology arranged to perform the
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functions discussed here. It will be understood that although
the server 40 is shown in FIG. 4 as a plurality of components,
the server 40 may be formed as a single device.

[0085] The processor unit 411 may further be arranged to
communicate with other computing devices or communica-
tion devices using an input/output device 425. According to
FIG. 4, the input/output device 425 enables communication
between the server 40 and the satellite 30 and between the
server 40 and the navigation devices 10.

[0086] The processor unit 411 may be arranged to execute
program instructions stored in the memory units 412, 413,
414, 415.

[0087] The memory units 412, 413, 414, 415 may further
comprise map data similar to the map data stored by memory
units 12,13, 14, 15 of the navigation device 10. Also stored in
the memory units 412, 413, 414, 415 are reference speed
values associated with a road segment. These reference speed
values may be the speed limit for that road segment or the
maximum obtainable speed under normal circumstances. It
will be understood that these reference speed values are
important information when planning a route, as they deter-
mine the amount of time that is probably needed for travelling
a certain route. This information is needed to compute an
optimum route, such as a fastest route.

EMBODIMENT 1

[0088] According to a first embodiment, the server 40 is
arranged to receive data from the satellite 30 using input/
output device 425. The data comprises at least one photo-
graph of the ground surface of the earth. The data also com-
prises a header comprising identification of the photograph.
Further, the header may comprise information about the loca-
tion and orientation of the photograph expressed in a refer-
ence system such as map coordinates, e.g. degrees of longi-
tude and latitude, scale etc.

[0089] The processor unit 411 uses known pattern recog-
nition algorithms to recognize and identify roads in the at
least one photograph received from the satellite 30. The iden-
tification means that a recognized road or road segment is
identified as being the highway A1 or E425. The recognition
step may be simplified by using the map data stored in the
memory units 412, 413, 414, 415 as an input for the pattern
recognition algorithms. The header information may be used
to match the at least one ground photograph with the map
data. Based on this, roads may be recognised and identified
more easily by the pattern recognition algorithms, as it is
easier to find a road if it is already known where to find it.
[0090] After roads have been recognized in the at least one
photograph, the processor unit 411 is arranged to recognize a
number of vehicles 50 on a certain segment of the road. Again,
pattern recognition algorithms known to a skilled person may
be used for this.

[0091] From this, an average vehicle density (e.g. number
of'vehicles per 100 meter) or average vehicle distance (e.g. 50
meter) for that segment of the road can be computed based on
a single photograph. It is known that the velocity of vehicles
50 depends on the amount of traffic on a road, i.e. the required
distance between vehicles 50 increases with increasing speed.
Therefore, an average speed of the vehicles 50 can be com-
puted or estimated from the average vehicle density or the
average vehicle distance. Of course, the maximum speed may
be taken into account when determining the average speed of
the vehicles 50.

11
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[0092] This may be done by using the average vehicle den-
sity or the vehicle distance as an input for a predetermined
table comprising averaged speeds that correspond to a certain
vehicle density of distance. The table may be stored in the
memory units 412, 413, 414, 415. However, the average
speed may also be computed using a predetermined algorithm
that has the average vehicle density or the vehicle distance as
an input.

[0093] The average speed for that road segment is then
compared to the reference speed value as stored in the
memory units 412, 413, 414, 415. When a difference is
detected, or when the difference exceeds a certain threshold,
a signal may be transmitted to navigation devices 10 com-
prising information about this traffic situation. The signal
may also comprise a new updated reference speed that is
associated with that road segment. This information may be
stored by the navigation device 10 and used when computing
an “optimum route” or re-routing an already planned route.
Instead of using the earlier stored reference speed values, the
updated reference speed values are used when planning a
route.

[0094] The average speed for the road segment may also be
simply compared to a general minimum speed, that is not
associated with a road segment in particular. In case the
average speed is below the minimum speed, the signal may be
transmitted. In this case, no reference speed needs to be stored
for every road or road segment, but only one general mini-
mum speed is stored.

[0095] FIG. 5 shows a flow chart of the program as per-
formed by the processor unit 411 of the server 40. In a first
step 101, the input/output device 425 of the server 40 receives
at least one ground photograph from the satellite 30. The
ground photograph may also include header information.

[0096] Inasecondstep 102, the processorunit 411 matches
the ground photograph with map data stored in the memory
units 412, 413, 414, 415 to simplify the following pattern
recognition step.

[0097] In a third step 103, the processor unit 411 performs
a first pattern recognition step to recognise and identify roads
and other relevant items in the ground photograph as received
from the satellite 30.

[0098] In a further step 104, the processor unit 411 applies
a further pattern recognition algorithm to recognise vehicles
on the earlier recognised roads.

[0099] In a further step 105, the processor unit 411 esti-
mates the average speed of the vehicles on certain roads or
road segments. This may be done by computing the average
vehicle density or the average vehicle distance. From the
average vehicle density or distance the average vehicle speed
may be estimated using a predetermined algorithm stored in
the one or more of memory units 412, 413, 414, 415 or by
using the computed average vehicle density or distance as an
entry for a stored table, to look up the estimated average
vehicle speed.

[0100] In a sixth step 106, the estimated average speed is
compared to the reference speed associated with that road
segment as stored in the memory units 412, 413, 414, 415. If
a difference is determined, or if the difference exceeds a
certain predetermined threshold, the processor unit 411 com-
piles a signal and controls the input/output device 425 to
transmit the signal as depicted in step 107. If no difference is
determined or the difference does not exceed a predetermined
threshold, no signal is transmitted, as depicted in step 108.
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[0101] The signal may be transmitted to navigation devices
10. The signal may be transmitted in a broadcast mode, but
may also be transmitted to navigation devices 10 is a point to
point mode, for instance at the request of a navigation device
10, as will be further explained below. The signal notifies the
navigation devices 10 of the changed road conditions and
may comprise updated reference speeds and road segments or
road for which these updated reference speeds apply.

[0102] An other way to determine the average vehicle den-
sity or average vehicle distance is to determine the ‘colour’ or
contrast of a photographed and recognized road. If there is a
lot of'traffic, the road is filled with vehicles 50 and the ‘colour’
of the road is different from the colour of an empty road. An
empty road has a certain solid monotonic (dark) colour. The
presence of vehicles 50 changes this solid monotonic colour.
Thus, traffic conditions can be determined not by recognizing
particular vehicles 50 in the picture, but by comparing the
ratio R between the number of pixels n ,,, in the photograph
belonging to a road or road segment with monotonic solid
(dark) colour and the amount of pixels n,,,, with an other
colour, all belonging to the road or road segment:

Hother
R=——.
iow

[0103] If the ratio R is low, for instance below a certain
predetermined threshold value, the photograph shows a lot of
the road area. Traffic is considered normal and no signal needs
to be generated. If the ratio R is high, for instance above a
certain threshold value, traffic is considered dense and a sig-
nal may be generated.

[0104] In order to execute this alternative, the server 40
needs to be able to distinguish between a pixels belonging to
the road and a pixels belonging to a vehicle 50. This may
simply be done by determining a threshold value for the
darkness and comparing the darkness of a pixel with this
threshold value. It is also possible to first find all dark pixels
and calculate the threshold dynamically.

[0105] TItwill be understood that this embodiment may also
be used at night. Instead of recognizing vehicles 50 directly,
the presence and location of a vehicle 50 is easily determined
by detecting the light emitted by the head lights.

[0106] It will be understood that the average speed of the
vehicles may also be computed in a different way, for
instance, by using the amount of blur of the vehicles in the
photo caused by the movement of the vehicles. In order to
this, the exposure time used by the ground photographing
device 31 may be chosen relatively long, such as for instance
0.5 seconds. For instance, at a speed of 50 km/h a vehicle
travels approximately 7 meters in 0.5 seconds.

[0107] Based on the amount of blur, the speed of individual
vehicles 50 can be determined, by measuring the length of the
blur. Taking into the account the scale of photograph the
distance traveled by a vehicle can be computed. Based on this,
the speed of the vehicle can easily be computed. This can be
done for all vehicles in the photograph. The average speed of
the vehicles 50 in the photograph can be computed by aver-
aging the individually determined speed values. This will be
explained in more detail in the second embodiment.

EMBODIMENT 2

[0108] According to a second embodiment, the satellite 30
is arranged to take at least two successive ground photographs
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of'a same ground area. The at least two ground photographs
are taken at a predetermined time-interval, for instance of 10
seconds.

[0109] Thephotographs are transmitted to a server 40 using
the transmitter device 32. The server 40 is arranged to receive
these at least two photographs, using input/output device 425.

[0110] The at least two photographs may further comprise
aheader with an identification of the photographs. The header
may comprise information about the location and orientation
of the photographs expressed in degrees of longitude and
latitude, scale, point in time of the photograph etc.

[0111] The processor unit 411 uses known pattern recog-
nition algorithms to recognize roads in the at least two pho-
tographs received from the satellite 30. This recognition step
may be simplified by using the map data stored in the memory
units 412, 413, 414, 415 as an input for the pattern recognition
algorithms. The header information may be used to match the
at least two ground photographs with the map data. Based on
this, roads may be recognised and identified more easily by
the pattern recognition algorithms, as it is easier to find a road
if it is already known where to find it.

[0112] After roads have been recognized in the at least two
photographs, the processor unit 411 is arranged to recognize
vehicles 50 on a certain segment of the road. Again, pattern
recognition algorithms known to a skilled person may be used
for this.

[0113] By comparing different successive photographs, the
speed of individual vehicles may be computed. Techniques
are used to compare the positions of vehicles 50 as recognised
in a first photograph with respect to the positions of the same
vehicles 50 as recognised in a second photograph. Since most
vehicles look alike, especially when photographed from
above, the known computational algorithms are arranged to
link vehicles in the first photograph to that same vehicle in the
second photograph. This may be done by computing correla-
tion values between the first and second photographs, as is for
instance known from particle image velocimetry techniques
used in fluid mechanics.

[0114] Additional information may be provided as an input
to these computational algorithms imposing boundary con-
ditions simplifying the computation. The boundary condi-
tions may be that the directions of movement of vehicles in a
road segment are all in the same direction. A further condition
may be that the difference in speed of vehicles in the direct
vicinity of each other may not exceed a predetermined thresh-
old value.

[0115] In order to further simplify the computational algo-
rithm, only vehicles having specific features may be taken
into account. This allows easy recognition of that same
vehicle in the second photograph. For instance, the algorithm
may be arranged to only take into account trucks and/or red
cars, as they are easy recognisable.

[0116] When the position of at least one vehicle is deter-
mined in the first photograph and the position of that same
vehicle is determined in the second photograph, the speed of
that vehicle can be computed. The time interval Abetween the
first and the second photograph can be computed, as the
points of time of the first and second photograph are known,
for instance from the header information. Also the distance
travelled by the at least one vehicle can be determined by
comparing its position in the first and second photograph. The
scale of the first and second photographs are known from the
header information, thus the real distance Ax can easily be
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computed from the measured distance within the photo-
graphs. Finally the speed v of the at least one vehicle 50 can
be computed:

v=Ax/At.

[0117] In case the corresponding positions of more than
one vehicle 50 are determined in the first and second photo-
graphs, a speed v, may be computed for each vehicle:

ti v,=Ax/At,

with i=1, 2, . .., i,,,, representing vehicles 50. From this an
average vehicle speed v,,, .., may be computed for that road
segment, by averaging all determined individual vehicle
speeds v;:

[0118] The average speed v, for that road segment is
then compared to the reference speed values associated with
certain roads or roads segments as stored in the memory units
412,413,414, 415. When a difference is detected, or when the
difference exceeds a certain threshold, a signal may be trans-
mitted to navigation devices 10 comprising information about
this changed road situation. The determined average speed
Vaverage MAY also be compared to a general minimum refer-
ence speed that is not associated with a certain road or road
segment. Such a general reference speed may for instance
have a value of 10 km/h. It is assumed that in case the average
speed is below 10 km/h, traffic is jammed.

[0119] The signal may also comprise a new updated refer-
ence speed that is associated with that road or road segment.
This information may be stored by the navigation device 10
and used when computing an “optimum route” or re-routing
an already planned route.

[0120] FIG. 6 shows a flow chart of the program as per-
formed by the processor unit 411 ofthe server 40 according to
the second embodiment. In a first step 111, the input/output
device 425 of the server 40 receives at least two ground
photographs from the satellite 30. The at least two ground
photographs also include header information.

[0121] Inasecondstep 112, the processor unit 411 matches
the at least two ground photographs with map data stored in
the memory units 412, 413, 414, 415 to simplify the following
pattern recognition step.

[0122] In athird step 113, the processor unit 411 performs
a first pattern recognition step to recognise roads and other
relevant items, in the at least two ground photographs as
received from the satellite 30.

[0123] In a further step 114, the processor unit 411 applies
further pattern recognition algorithms to recognise vehicles
50 on the earlier recognised roads.

[0124] In a further step 115, the processor unit 411 applies
computational algorithms to compare the position of vehicles
50 in the first photograph with the positions of the same
vehicles 50 in the second photograph and compute the indi-
vidual speeds of the vehicles 50 based on the compared posi-
tions.

[0125] Ina next step 116 the average speed of the vehicles
is computed from the individual speeds of the vehicles 50 as
computed in the former step 115.
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[0126] Inaseventhstep 117, the average speed is compared
to the speed associated with that road segment (reference
speed) as stored in the memory units 412, 413, 414, 415. If a
difference is determined, or if the difference exceeds a certain
predetermined threshold, the processor unit 411 compiles a
signal and controls the input/output device 425 to transmit the
signal as depicted in step 118, for instance comprising an
updated reference speed value for a certain road segment or
road. If no difference is determined or the difference does not
exceed a predetermined threshold, no signal is transmitted, as
depicted in step 119.

[0127] It will be understood that more than two photo-
graphs may be used to determine the speeds of the vehicles.
For instance, when three successive photographs are used, the
speed of an individual vehicle may be computed based on the
first and second photograph, and based on the second and
third photograph. The outcome of both computations may be
averaged to obtain a more accurate speed v,.

[0128] Of course, errors may occur when a vehicle in the
first photograph is linked to a vehicle in the second photo-
graph, if it is not the same vehicle. This can be prevented by
using more than two photographs. First a speed is computed
of a vehicle 50 based on the first and second photograph.
Based on this computed speed, a position of the vehicle in the
third photograph can be predicted. When no (resembling)
vehicle 50 is found at the predicted position or in the vicinity
of the predicted position in the third photograph, the match
between the first and second photograph probably was not
correct. Of course, the fact that no (resembling) vehicle 50
was found at the predicted position in the third photograph
may also be caused by a sudden change of speed of the
vehicle.

[0129] The signal as generated by the server 40 may be
transmitted to navigation devices 10, for instance mounted in
vehicles 50 as shown in FIG. 3. This will be further explained
below.

[0130] Itwill be understood that this embodiment may also
be used at night. Instead of recognizing vehicles 50 directly,
the presence and location of a vehicle may be determined by
detecting the light emitted by the head lights.

EMBODIMENT 3

[0131] According to a further embodiment, the navigation
device 10 may be arranged to perform the functionality of the
server 40 described above. This means that the navigation
device 10 is capable of receiving at least one photograph,
match the photograph with map data, recognise roads and
road segments in the photograph, recognise vehicles, esti-
mate an average speed for a certain road or road segment and
compare the estimated average speed to a stored reference
speed associated with that road or road segment. This may be
done using all sorts of techniques described above, thus based
on one photograph or based on more photographs.

[0132] The navigation device 10 may therefore be arranged
to be in direct communication with the satellite 30, using
input/output device 25, omitting the server 40, as is schemati-
cally depicted in FIG. 7. The satellite 30 may send one or
more photographs to a navigation device 10. The navigation
device 10 is arranged to perform steps described above refer-
ring to the server 40. This way, the navigation device 10 can
compute its own traffic information.

[0133] According to an alternative, the navigation device
10 and the satellite 30 may be arranged to communicate via at
least one intermediate server (not shown). However, accord-
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ing this embodiment, this intermediate station is only
arranged to transmit photographs from the satellite 30 to the
navigation device 10 and not to perform the functionality of
server 40 as described above.

[0134] According to this embodiment, the navigation
device 10 may request the satellite 30 (or the intermediate
server) to transmit recent photographs of a certain location.
This location may for instance be determined by the naviga-
tion device 10 based on a current position, or based on a
planned route.

EMBODIMENT 4

[0135] It will be understood that all embodiments above
may be used to retrieve and distribute traffic information in
general, being more than just information about the amount of
traffic or the updated reference speed of average speed for a
certain road or road segment. All techniques described above
may also be used to obtain information about all kinds of
traffic conditions, such as weather conditions, availability of
parking places/spaces.

[0136] For instance, based on the ground photograph the
server 40 may determine whether a car park has available
parking places. This may be done by first matching the pho-
tograph with stored map data, as described above. The map
data may comprise detailed information about a car park,
including information about the position of parking places.
Next, the server 40 may use for instance pattern recognition
techniques to recognise whether or not a vehicle 50 is present
at a parking place. The information about the availability of
parking places is then transmitted to the navigation device 10
by the server 40 using input/output device 425 and input/
output device 25.

[0137] The information could be presented to the user.
Alternatively, the information may be used by the navigation
device 10 to navigate the vehicle 50 to an available parking
place, orin case a car park has no available parking places, to
another car park.

[0138] Of course, this embodiment may also be executed
without using server 40, but by equipping navigation device
10 with the functionality to perform the steps of this embodi-
ment.

[0139] Allembodiments described above may be improved
by applying data processing steps to the photographs received
from the satellite 30. These processing steps may comprise
adjusting the brightness, contrast. Also all kind of suitable
filters may be used. Techniques may be used to increase the
quality of the images in rainy and/or cloudy conditions.
[0140] Also, all the embodiments described above may also
be used during night time, when it is dark and visibility is low.
In that case, the vehicles 50 can not be recognized directly.
However, the vehicles 50 may be easily recognized by detect-
ing the light emitted by the (head) lights of the vehicles 50.
[0141] Recognizing vehicles 50 by the emitted light of their
(head) lights can be used in all embodiments discussed above,
such as to determine the density of the traffic, to determine
average speed by measuring the amount of blur of a vehicle in
a picture, to determine the ratio between dark pixels and
brighter pixels, to compare more than one photograph etc.
[0142] The camera 31 may be any kind of camera, such as
a camera that is sensitive to electromagnetic radiation that is
not visible for the human eye. The camera 31 may be an
infrared camera that enables use at night.

[0143] Inall embodiments described above, the server 40 is
arranged to send a signal to navigation devices 10 in case a
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relevant traffic condition is determined. This signal may com-
prise information about the changed road condition, for
instance comprising an indication of the road section and a
new reference speed associated with that road section. This
information transmitted to the navigation devices 10 may
than be used by the navigation devices 10 when planning a
new route or replanning an already planned route.

[0144] The server 40 may send this signal directly to navi-
gation devices 10 using input/output device 425. However,
server 40 may also send the signal to navigation devices 10
via one or more other satellites (possibly including satellite
30) or ground stations. It will be understood that all sorts of
transmission techniques and/or protocols may be used to
transmit the signal from the server 40 to the navigation
devices 10.

[0145] Navigation devices 10 comprise an input/output
device 25 to receive the transmitted signals. The processor
unit 11 of the navigation device 10 is arranged to store the
signal in memory units 12, 13, 14, 15, and use the information
when planning a route or re-routing an already planned route.
[0146] According to a further alternative, the server 40 may
be arranged to only transmit the signal to navigation devices
10 in the vicinity of the changed road condition. This may be
done by only transmitting the signal in the vicinity of the
changed road condition.

[0147] While specific embodiments of the invention have
been described above, it will be appreciated that the invention
may be practiced otherwise than as described. For example,
the invention may take the form of a computer program con-
taining one or more sequences of machine-readable instruc-
tions describing a method as disclosed above, or a data stor-
age medium (e.g. semiconductor memory, magnetic or
optical disk) having such a computer program stored therein.
It will be understood by a skilled person that all software
components may also be formed as hardware components.
[0148] The descriptions above are intended to be illustra-
tive, not limiting. Thus, it will be apparent to one skilled in the
art that modifications may be made to the invention as
described without departing from the scope of the claims set
out below.

1. Method for determining traffic information, comprising:

receiving at least one photograph of a portion of the earth’s
surface including at least one road segment using an
input/output device;

recognizing a number of vehicles on the at least one road

segment in the at least one received photograph using a
processor unit; and

determining traffic information based on the number of

recognized vehicles.

2. Method according to claim 1, wherein the recognition of
the number of vehicles is done using pattern recognition
techniques.

3. Method according to claim 2, wherein map data is used
as input for the pattern recognition techniques.

4. Method according to claim 1, further comprising:

computing a speed of the number of recognized vehicles

based on the at least one received photograph.

5. Method according to claim 4, wherein the speed of the
number of vehicles is computed by

determining a vehicle density for a road segment, and

estimating, from the vehicle density, an average speed of

the number of recognized vehicles in the road segment.

6. Method according to claim 5, wherein the vehicle den-
sity for a road segment is determined by determining a ratio
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between a number of pixels in the photograph belonging to a
road or road segment with a first color and a number of pixels
with an other color.
7. Method according to claim 4, wherein the speed of the
number of recognized vehicles is computed by
determining an amount of blur of the number of recognized
vehicles.
8. Method according claim 4, further comprising:
receiving at least two photographs of a piece of the earth
from a photographing device, the first photograph being
made at a first point in time and the second photograph
being made at a second point in time,
recognizing a number of vehicles in the first photograph,
recognizing a number of vehicles in the second photo-
graphs
computing the distance traveled in between the first and
second photograph by at least a part of the number of
vehicle recognized in both the first and second photo-
graph, and
computing a speed of the number of recognized vehicles
using the computed distance and the first and second
point in time.
9. Method according to claim 8, further comprising:
comparing the computed speed of the number of recog-
nized vehicles to a reference speed associated with the
road segment the number of recognized vehicles is rec-
ognized on.
10. Method according to claim 9, further comprising:
comparing the computed speed of the number of recog-
nized vehicles to a predetermined minimum speed.
11. Method according to claim 1, further comprising:
determining the positions of the at least one recognized
vehicle;
comparing the determined position with map data, the map
data comprising information about parking places, and
determining availability of the parking places.
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12. Method according to claim 1, further comprising:

compiling a signal including the determined traffic infor-

mation; and

transmitting the compiled signal.

13. Device comprising: -

put-output device;

memory units; and

aprocessing unit to communicate with other devices using

the input-output device, and to communicate with the
memory units, the device being arranged to

receive at least one photograph of a portion of the earth’s

surface comprising at least one road segment using the
input-output device,

recognize a number of vehicles on the at least one road

segment in the at least one received photograph using the
processing unit, and

determine traffic information based on the number of rec-

ognized vehicles.

14. Device according to claim 13, wherein the device is a
server, arranged to compile a signal based on the determined
traffic information and transmit the signal using the input-
output device.

15. Device according to claim 14, wherein the device is a
navigation device arranged to plan a route.

16. Device according to claim 15, wherein the navigation
device is arranged to plan a route based on the determined
traffic information.

17. Vehicle, comprising a device according to claim 13.

18. Computer program, when loaded on a computer
arrangement, arranged to perform the method of claim 1.

19. Data carrier, comprising a computer program accord-
ing to claim 18.
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