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1
SYSTEM AND METHOD FOR ROAD MAP
CREATION

BACKGROUND OF THE INVENTION

There are known services providing navigation maps, for
example, manual hard-copy maps, GPS maps, internet maps,
and other kinds of navigation maps. None of these maps,
however, is a navigational dynamic map which may be
updated based on data which may be received continuously.

Additionally, there are services which calculate estimated
preferred routes, for example, based on pre-calculated stored
data, such as, for example, data on traffic lights, average
velocities, roads conditions and other suitable data. The cal-
culation of the estimated preferred route by these services
may base on out-of date data and/or maps.

BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter regarded as the invention is particularly
pointed out and distinctly claimed in the concluding portion
of' the specification. The invention, however, both as to orga-
nization and method of operation, together with objects, fea-
tures, and advantages thereof, may best be understood by
reference to the following detailed description when read
with the accompanying drawings in which:

FIG. 1 is a schematic illustration of a system for creation of
a road map according to some embodiments of the present
invention; and

FIG. 2 is a flow chart illustrating a method for creation of a
road map according to some embodiments of the present
invention.

It will be appreciated that for simplicity and clarity of
illustration, elements shown in the figures have not necessar-
ily been drawn to scale. For example, the dimensions of some
of'the elements may be exaggerated relative to other elements
for clarity. Further, where considered appropriate, reference
numerals may be repeated among the figures to indicate cor-
responding or analogous elements.

DETAILED DESCRIPTION OF THE PRESENT
INVENTION

In the following detailed description, numerous specific
details are set forth in order to provide a thorough understand-
ing of the invention. However, it will be understood by those
skilled in the art that the present invention may be practiced
without these specific details. In other instances, well-known
methods, procedures, and components have not been
described in detail so as not to obscure the present invention.

Reference is now made to FIG. 1, which is a schematic
illustration of a system 100 for creation of a road map accord-
ing to some embodiments of the present invention.

System 100 may include a plurality of navigation devices
110, each of the navigation devices may belong to a member
of'a road mapping service which may be provided by system
100. Navigation devices 110 may include, for example, GPS
devices, mobile phones, Personal Digital Assistants (PDA),
Personal Navigation Devices (PND), car PC, mobile comput-
ers, or any other suitable devices able to include, receive and
manipulate and/or operate navigation software and/or device
which is capable of identifying its own location and time and
either send it or store it and/or any sensor which may sense
and record its location and time. The plurality of navigation
devices 110 with connectivity capability may be in commu-
nication with application server 120, for example, by a cel-
Iular network or wireless network or any other mobile com-
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2

munication means. The connection between navigation
devices 110 and application server 120 may be made by any
known connection protocol, for example, Transmission Con-
trol Protocol (TCP), User Datagram Protocol (UDP), Hyper-
text Transfer Protocol (HTTP), Wireless Application Proto-
col (WAP) or any other suitable protocol.

Application server 120 may receive from navigation device
110, for example, periodically, momentary locations of the
member holding device 110. Application server 120 may
collect and/or record time series of locations received from
device 110 along with time stamps indicating the time at
which each of the locations was recorded. In some embodi-
ments, navigation device 110 may record momentary loca-
tions together with corresponding time stamps indicating the
recordation times of these momentary locations. A momen-
tary location may be recorded by navigation device 110, for
example, in constant time intervals, for example, once in a
second, or/and in constant travel distances, for example,
every ten meters. Application server 120 may receive a time
series of location points, along with the time stamps indicat-
ing the time at which each of the location points was recorded.
Time series of location points may be received by application
server 120 in constant time intervals as desired, for example,
every five minutes.

Additionally, the members may send to application server
120, for example, by navigation devices 110, information on
different events, for example, traffic information and/or alerts
and/or messages to other members.

Application server 120 may perform statistical analysis of
the received time series of location points from plurality of
navigation devices 110. Based on the statistical analysis,
application server 120 may identify navigation patterns
which may correspond to different road characteristics which
may facilitate creation of a road map. Based on these patterns,
application server 120 may create a dynamic navigational
road map which may be updated, for example, whenever the
statistical analysis shows a change in the navigation patterns.
The navigational road map may be displayed, for example, on
a display 112 of navigation device 110. Additionally, appli-
cation server 120 may provide navigational instructions, for
example, based on the created navigational map. The instruc-
tions may be displayed, for example, on display 112. Addi-
tionally or alternatively, the instructions may be voiced by a
speaker 114 which may be included in navigation device 110.

Application server 120 may deduce from the time series of
location points received from navigation device 110, the
momentary magnitudes and directions of velocities of the
user holding navigation device 110. Application server 120
may perform analysis to identify navigation patterns with
different times in the day and/or days in the week.

By analyzing statistically the time series of location points
received from plurality of navigation devices, application
server 120 may identity, for example, static road characteris-
tics and/or point of interest such as, for example, one-way
roads, two-way roads, dead ends, junctions of different types,
allowable and unallowable turns, roundabouts, speed bumps,
overpasses, underpasses, tunnels, number of lanes, speed lim-
its, traffic lights, traffic signs, gas stations, parking lots, and
other static road characteristics and/or points of interest.
Application server may create a road map, for example, based
on the identified static road characteristics and/or points of
interest.

Additionally, application server 120 may perform statisti-
cal calculations to identify time-related characteristics such
as, for example, traffic signs which apply for certain times of
a day and/or days of a week, turns which are allowable/
unallowable in certain times of a day and/or days of a week,
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average red light duration of traffic lights according to the
time in a day and/or day in a week, traffic condition according
to the time in a day and/or day in a week and other time-
related characteristics.

From the time series of location points received from plu-
rality of navigation devices 110, application server 120 may
deduce routes, locations, directions of travel and other param-
eters which may enable creation of a navigational map.

In some cases, there may be deviations between the navi-
gation devices 110 and/or slight inaccuracies in the location
points received from the different navigation devices 110.
Application server 120 may perform statistical analysis in
order to identify the most probable routes. Application server
may create and/or update the road map so that it includes the
most probable routes as the roads in the road map.

Navigation device 110 may include, for example, a display
112, on which a navigational map, for example, created by
application server 120, may be displayed. Additionally, mes-
sages, questions, and/or other information may be displayed
on display 112. The messages, questions, and/or other infor-
mation may be received from application server 120 and/or
from other persons, for example, users of other navigation
devices 110 or other suitable devices. Navigation device 110
may also include keyboard 116, for example, to control navi-
gation device 110 and/or for entering messages, alerts, and
other information, for example, in order to send it to applica-
tion server 120 and/or to other navigation devices 110 and/or
any other suitable devices. Navigation device 110 may addi-
tionally include speaker 114, which may enable receiving
voice messages and/or alerts.

Reference is now made to FIG. 2, which is a flow chart
illustrating a method for creation of a road map according to
some embodiments of the present invention. As shown in
block 202, the method may include, for example, receiving,
for example, by application server 120, location points from
a plurality of navigation devices 110 present in an area to be
mapped, along with time stamps indicating the time of recor-
dation of each of the location points. As shown in block 204,
the method may include, for example, identifying, for
example, by application server 120, route, direction and/or
speed of travel of each navigation device 110 according to
location points and their respective time stamps received from
said navigation device, respectively. As shown in block 206,
the method may include, for example, calculating, for
example, by application server 120, most probable routes
according to the received location points and their respective
time stamps. As shown in block 208, the method may include,
for example, creating, for example, by application server 120,
a road map based on the most probable routes and statistical
analysis of the directions and/or speed of travel.

Application server 120 may calculate the average durations
of travel in certain portions of roads/intersections based on,
for example, the received location points and their respective
time stamps, and/or the speed that may be calculated there-
from.

Application server 120 may identify, for example, a one
way road, if, for example, in a certain identified route, the
statistical analysis shows pronouncedly that close to 100% of
the navigation devices 110 report on substantially the same
general direction of travel.

Application server 120 may identify, for example, a two
way road, if, for example, in a certain identified route, the
statistical analysis shows pronouncedly that along time the
navigation devices 110 travel in both direction of the road.
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Additionally, application server 120 may identify different
road characteristics such as, for example, traffic restrictions,
special road features, traffic signs, traffic lights and/or differ-
ent kinds of intersections.

Application server 120 may perform a statistical analysis
of the travel routes, for example, in an intersection. An inter-
section may be recognized by application server 120 if, for
example, in a certain area, two or more routes intersect and/or
draw near each other when coming towards certain area and
then draw away from each other when going outwards of this
area. Application server 120 may identify based on the sta-
tistical analysis different kinds of intersections, for example,
T-intersection, roundabouts, intersections with overpass/un-
derpass and/or intersections with certain turning limitations.

Application server 120 may process the received location
points and respective time stamps to identify the kinds of
turns, for example, right turn, left turn, U-turn, keeping
straight and/or other kinds of turns possible in an intersection.
Application server 120 may conclude from the kinds of turns
performed in a junction, which turns are allowed in the junc-
tion. For example, if in a certain junction application server
120 does not detect a significant amount of turns of a certain
kind, for example, average number of turns below a certain
predetermined threshold or according to any other suitable
statistical measurement, it may conclude that this kind of turn
is not allowed in the junction, and mark the road map accord-
ingly. Alternatively, if in a certain junction application server
120 detects a significant amount of turns of a certain kind, for
example, above a certain threshold, application server 120
may conclude that this kind of turn is allowed in the junction,
and mark the road map accordingly. Application server 120
may also identify based on, for example, statistical analysis it
may perform on the location, time and/or speed data received
from navigation devices 110, traffic signs, traffic lights and/or
other traffic orders which are applicable only for some hours
in a day and/or days in a week. Application server 120 may
indicate in the map when the traffic signs, traffic lights and/or
other traffic orders are applicable. Application server 120
may indicate the traffic signs, traffic lights and/or other traffic
orders in the map only when they are active and/or applicable
and/or mark them as active/inactive in respective times in the
day and/or days in the week. Similarly, application server 120
may put indications on the map regarding certain turns which
may be allowed in certain hours in the day and/or days in the
week.

Application server 120 may detect roundabouts, for
example, by detecting portions of routes which join to a
closed loop and/or lack of location points in the center of an
intersection and/or a route having substantially consistent
direction diversion around a closed loop and/or by other
methods, according to analysis of the location points and
corresponding time stamps received from navigation devices
110. Application server 120 may indicate the detected round-
about in the map.

Overpass/underpass intersections may be identified by
application server 120 when an intersection is identified with-
out detected stop signs and/or traffic lights and/or with lack of
significant decrease in speed when drawing near the intersec-
tion. For example, application server 120 may identify and/or
indicate in the map an overpass/underpass intersection if the
travel speed in the intersection area and/or near the intersec-
tion area is pronouncedly above certain threshold in most
cases.

Some of navigation devices 110 can be motion sensitive
and send movement signals to application server 120. Addi-
tionally or alternatively, motion sensors may be held proxi-
mately to at least some of the users by other means, and send
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movement signals to application server 120. Application
server 120 may analyze the motion signals, optionally along
with location, time and/or speed data, and identify road
bumps, speed bumps and/or severe road conditions. For
example, interferences in speed and/or movements signals
which are similar in shape and/or which occur in substantially
constant intervals or in other known standard intervals may be
identified by application server 120 as speed bumps and, for
example, indicate the speed bumps on the map. Interferences
in speed and/or movements signals which are irregular, may
be identified by application server 120 as occasional road
bumps or/and sever road conditions. Application server 120
may indicate irregularities in the road such as, for example,
the occasional road bumps or/and sever road conditions, on
the map and, for example, indicate the severity of the irregu-
larities according to the frequency and/or strength of the
received motion signals.

Application server 120 may receive inputs from other and/
or additional sensors which may sense the roads and/or traf-
fic. The sensors may be stationary and/or move independently
from the users and/or included in navigation devices 110
and/or held proximately to at least some of the users by other
means. The sensors may include, for example, image sensors,
light sensors, motion sensors, voice sensors, or any other
suitable sensors. In one exemplary embodiment of the present
invention, satellite images may be received and used by appli-
cation server 120 to identify traffic and/or road conditions
and/or patterns of traffic and/or road conditions. For example,
satellite images may be received and used by application
server 120 to identify patterns of a traffic light.

Application server 120 may identify portions of roads in
which the communication with navigation devices 110 is cut
off and restored again after a certain distance. This may be
detected by application server 120 as “disappearance” and
“reappearance” of users. Application server 120 may identify
a pronounced consistent “disappearance” and “reappear-
ance” of users in substantially the same portion of the road,
thus deducing the existence of a tunnel in this portion of the
road. Application server 120 may mark the location of the
identified tunnel on the navigation map.

In some embodiments of the present invention, application
server 120 may store data and/or definitions which, for
example, in combination with data received in real time, such
as, for example, location points received from navigation
devices 110 along with time stamps, may facilitate identifi-
cation of different road parameters and features.

Application server 120 may store for example, lane defi-
nitions, which may include, for example, average lane width.
Application server 120 may identify the number of lanes in a
road/highway by analyzing the dispersal area of the location
points received from navigation devices 110 in, for example,
a selected segment. Application server 120 may identify, at
least approximately, the width of the dispersal area in a seg-
ment and deduce the number of lanes in the segment, for
example, by dividing the width of the dispersal area by the
average lane width. Application server 120 may identify
boundaries between the lanes by analyzing the distribution of
the location points received from navigation devices 110.
Application server 120 may indicate the number of lanes of
road segments in the created navigation map.

Some of the lanes in a road may have certain characteristics
which may be identified by application server 120 and indi-
cated in the map. Application server 120 may identify, for
example, by analysis of location points received from navi-
gation devices 110 along with the respective time stamps, the
direction of travel in each lane.
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Other lanes may be assigned for certain vehicles, such as,
for example, a lane for public transportation and/or a lane for
high-occupancy vehicle, for example, two or more persons
per vehicle. These assigned lanes may be characterized, for
example, by being less loaded than other lanes and thus, for
example, the speed of travel in those lanes may be higher.
Application server 120 may identify these lanes, for example,
by analysis of location points received from navigation
devices 110 along with the respective time stamps.

Some other lanes may be assigned for right turns only or for
left turns only. These lanes may be identified by application
server 120, for example, by recognizing that pronouncedly all
the users or close to 100 percent of the users traveling in the
lane turn right in a respective intersection for right-turn only
lanes and/or that pronouncedly all the users or close to 100
percent of the users traveling in the lane turn left in a respec-
tive intersection for left-turn only lanes.

The specially assigned lanes may be assigned for only
some hours of the day and/or days in the week. Application
server 120 may recognize the hours in a day and/or days in a
week in which these lanes has special characteristics, for
example, by analyzing statistically, the location points,
respective time stamps and/or speed data which may be
received, for example, from navigation devices 110 and/or
calculated by application server 120. Application server 120
may mark the special lanes in the map according to the analy-
sis. For example, these lanes may be marked as lanes with
special characteristics only in the hours in a day and/or days
in a week in which these lanes function as special lanes
according to the statistical analysis.

Application server 120 may recognize a stop sign, for
example, by identifying that pronouncedly all the users or
close to 100 percent of the users, for example, above 97
percent of the users, having speed of substantially zero at a
certain point or certain small region of the road, usually, for
example, within or close to an intersection area. In some
cases, an intersection may include stop signs in more than one
direction of the intersection, which may be recognized by
application server 120. In some cases, application server 120
may recognize a stop sign in each direction of an intersection,
for example, four directions, thus, for example, identifying
the intersection as a 4 way stop sign type of intersection and
marking it accordingly in the navigational map.

Application server 120 may recognize a traffic light, for
example, by identifying cycles including periods when pro-
nouncedly all the users or close to 100 percent of the users, for
example, above 97 percent of the users, having speed of
substantially zero at a certain point or certain small region of
the road, usually, for example, within or close to an intersec-
tion area. Application server 120 may calculate the cycle time
of the traffic light. Additionally, application server 120 may
recognize patterns of changes in the cycle times of a traffic
light in different time in the day and/or days in the week.
Application server 120 may mark the traffic light with the
cycle time respectively to the time in the day and/or days in
the week. Other statistical parameters may be calculated by
application server 120, such as, for example, average dura-
tions of red light and/or green light in each traffic light cycle,
for example, respectively to the time in a day and/or day in a
week and, for example, may be marked on the map respec-
tively. Durations of red light may be recognized by applica-
tion server 120 by identifying pronouncedly periods of sub-
stantially zero speed of users in the respective region.
Durations of green light may be recognized by application
server 120 by identifying pronouncedly periods of above zero
speed of users in the respective region.
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In some intersections, a right turn may be permitted during
periods of red light. Such intersection may be recognized by
application server 120, for example, by identifying an inter-
section where there are periods of substantially zero speed for
users who turn left or keep straight, while users who turn right
pronouncedly have speed of above zero substantially inces-
santly. This may usually be combined with a right-turn only
type of lane, which may be identified by application server
120 as described above.

Application server 120 may calculate the average time it
may take to cross an intersection, for example, from each
direction to each direction, for example, based on the analysis
of' the intersection parameters, including type of intersection,
traffic lights, stop signs and other parameters described in
detail above. Application server 120 may recognize the aver-
age time it may take to cross an intersection, for example, for
different hours in a day and/or days in a week.

Application server 120 may identify facilities at sides of
the roads, such as, for example, gas stations and/or parking
lots which may exist nearby a mall, restaurant or any other
recreational facility. Application server 120 may identify the
facilities when at a specific region a substantial amount of
users deviates from an identified road, stop for a period and/or
have a very slow velocity, and then returns to the road or to
another identified road. The sufficient amount of users devi-
ating from the road in order to identify a facility may be
predefined and/or stored in application server 120. The veloc-
ity of movement of the navigation device may be considered
by application server 120 as a halt of the vehicle if the velocity
is below a certain threshold which may be, for example,
predefined and/or stored in application server 120. For
example, if a person walks out of the car, takes navigation
device 110 with him and advances by foot, the velocity of
walking may be considered by application server 120 as a halt
of the vehicle.

A facility at a side of a road may be identified by applica-
tion server 120 as a gas station by a relatively short average
duration of stay, for example, sufficient time to fill a gas tank.
The range of average durations of stay suitable for a gas
station may be predefined and/or stored in application server
120. Additionally, application server 120 may identify the
lane or lanes of the different gas pipe ports, by identifying the
specific routes which may lead to and from the location ofhalt
of'users for filling the gas tank. The boundaries between lanes
of'the gas pipe ports may be identified as discussed above with
reference to the lanes identification. Other gas station facili-
ties, for example, car washing lane machines, may be identi-
fied in similar methods to the methods described above.

In other recreational facilities at sides of roads, the stay
duration of users may be longer then the stay in a gas station.
These facilities may include parking lots nearby malls, res-
taurants, movie theater complexes, and any other suitable
facility. These facilities may be identified by application
server 120 by recognizing a facility at a side of the road in the
method described above, and by recognizing average dura-
tion of stay of users which may be above a certain threshold.
This threshold may be predefined and/or stored in application
server 120.

Parking lots near facilities, business locations, residential
buildings, and any other parking lot may be identified by
application server 120 by recognizing a large number of users
halting for a time above a predetermined threshold and/or
terminating their travel in the same area.

The above mentioned road conditions, characteristics and
facilities may be identified by application server 120 by
receiving from navigation devices 110 location points along
with corresponding time stamps and performing statistical
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analysis of the received location points along with corre-
sponding time stamps. In some of the cases mentioned above,
calculation of speed and/or direction of navigation devices
110 may be required in order to identify the road character-
istic and/or facility. In some of the cases mentioned above an
analysis of the data according to the time in a day and/or day
in a week may be required, for example, in order to provide
information regarding characteristics of the road in the dif-
ferent time in a day and/or day in a week.

The above mentioned road conditions, characteristics and
facilities may facilitate creation of navigational road map by
application server 120, possibly along with other parameters
which may be calculated by application server 120, for
example, based on information received from the navigation
devices 110. In some ofthe cases mentioned above, the analy-
sis by application server 120 may further base on other pre-
stored and/or pre-acquired data and/or predetermined param-
eters and/or thresholds, at least some of them are mentioned
above.

Application server 120 may compare the identified char-
acteristics calculated by application server 120 with pre-
stored information, for example, in order to verify the accu-
racy of its identifications.

In some embodiments of the present invention, application
server 120 may identify temporary and/or unusual events, for
example, in real time, for example, based on information
received from navigation devices 110, and indicate the tem-
porary and/or unusual events on the created map. The tem-
porary and/or unusual events may include, for example, traf-
fic jams, road blocks, lane blocks, abnormal intersection
activity and/or any other event which may deviate from the
normal, for example, statistically calculated behavior ofusers
identified by application server 120. Application server 120
may identify the temporary and/or unusual events by, for
example, comparing the information received in real time to
the statistically calculated normal characteristics and/or con-
ditions of the roads, for example, characteristics and/or con-
ditions of the roads which where previously calculated
according to statistical analysis of the location points and
time stamps received from navigation devices 110, as
described in detail above.

Additionally to the location points and respective time
stamps received for navigation devices 110, application
device 120 may receive from navigation devices 110 other
data which may facilitate creation of a navigational road map.
Application device 120 may receive from navigation devices
110, for example, messages which may be manually entered
by users of navigation devices 110, for example, alerts of
traffic jams and other unusual events and/or information
regarding traffic lights, traffic signs, one-directional lanes,
and/or any other information regarding road characteristics
and/or conditions, and/or any other information which may
be required by application server 120. Application server 120
may request for information from a user or group of users, for
example, in case there is no sufficient information received
from navigation device 110, for example, in order to deduce
road characteristics from this information. There may be lack
in sufficient information when the number of users passed in
acertain road is too small in order to identify a condition with
sufficient certainty.

Application server 120 may ask for information from a
client by, for example, sending a message, for example, by
e-mail, SMS (short messaging service) and/or by any other
suitable method. The message may include a question which
may be answered by the user by typing the answer, selecting
the answer from several given options and/or by any other
suitable method. Exemplary question sent to a user may be
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“are you stopping because of a red traffic light?”, “Is there
traffic light at the intersection of “Johnson Dr.” and ‘Memorial
Dr.”?” The user may be given the option to answer “yes” or
“no”, for example, by typing the answer and/or by clicking
the corresponding button and/or by any other suitable man-
ner.

Application server 120 may suggest to a user a preferred
route, for example, upon a request from a user, which may
indicate the start point and destination. Application server
120 may suggest to a user a preferred route, for example,
based on average durations of traveling in certain roads and/or
roads segments and/or intersections, which may be statisti-
cally calculated by application server 120 as described in
detail above.

Application server 120 may store and/or archive traveling
routes of a user, for example, according to the user’s request
and/or permission. Application server 120 may analyze the
stored routes and, for example, identify based on the analysis
commonly traveled routes by the user and/or travel habits of
the user. For example, application server 120 may identify
that the user usually travels from home to work between
08:00 and 09:00 on Monday to Friday. In another example,
application server 120 may identify that the user usually
travels from home to gym at about 18:00 on Thursdays. The
descriptions of the destinations/starting points such as, for
example, “home”, “office”, “gym”, “supermarket” etc., may
be provided to application server 120 by the user. When
traveling in the relevant time in a day and/or day in a week,
application server 120 may present the identified commonly
traveled route on a navigational map, for example, on display
112, and/or provide navigational instructions to the user
based on the identified commonly traveled route.

Additionally, application server 120 may suggest alterna-
tive route/s, for example, in case of existence of a shorter
and/or faster route to the required destination. For example,
application server 120 may compare the traffic and/or road
conditions in the commonly traveled route with real-time
traffic information, and may suggest, for example, based on
the comparison, alternative routes, for example, with better
real-time traffic and/or road conditions. Additionally and/or
alternatively, application server 120 may provide alerts on
unusual traffic and/or road conditions. Application server 120
may provide the alerts by messages which may be displayed
on display 112 and/or voiced by speaker 114 and or by other
means, for example, e-mail, short message service (SMS),
instant message (IM) or any other suitable means.

A user traveling by bus and/or train may indicate this fact to
application server 120. Application server 120 may use the
information received from navigation devices 110 of bus/
train passengers to create a map of bus/train routes.

The information received from navigation devices 110 of
bus traveler may contribute, for example, to creation of navi-
gational road map along with being used for identifying bus
routes, in methods similar to the methods described above.
The analysis of bus routes by application server 120 may
include calculation of bus route travel duration and/or dura-
tion of travel for portions of the route, for example, in differ-
ent times in a day and/or days in a week. The calculation may
include, for example, identification of bus stops and/or the
duration of halt in the bus stops. Application server 120 may
identify bus stops by recognizing short-duration halts along
the bus route.

The information received from navigation devices 110 of
train traveler may contribute, for example, to creation of
railway map along with being used for identifying train
routes, in methods similar to the methods described above.
The analysis of train routes by application server 120 may
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include calculation of train route travel duration and/or dura-
tion of travel for portions of the route, for example, in differ-
ent times in a day and/or days in a week. The calculation may
include, for example, identification of train stops and/or the
duration of halt in the train stops. Application server 120 may
identify train stops by recognizing short-duration halts along
the train route.

Application server 120 may use the identified bus and/or
train routes, for example, along with identified bus/train stops
data and/or the calculated time of travel in each route and/or
portions of the route, in order, for example, to calculate pre-
ferred combinations of bus/train routes and/or portions of
routs to arrive a certain destination.

While certain features of the invention have been illus-
trated and described herein, many modifications, substitu-
tions, changes, and equivalents will now occur to those of
ordinary skill in the art. It is, therefore, to be understood that
the appended claims are intended to cover all such modifica-
tions and changes as fall within the true spirit of the invention.

What is claimed is:

1. A system for road map creation, the system comprising:

an application server associated with a plurality of naviga-
tion devices, wherein the application server is config-
ured:

(a) to receive from said plurality of navigation devices time
series of location points;

(b) to perform statistical analysis to determine existence of
roads based on at least one of speed and direction of said
plurality of navigation devices, and to create a dynamic
navigational road map by including said roads in said
road map; and

(c) to determine road characteristics of at least one of said
roads, based on navigation patterns of said time series of
location points of said plurality of navigation devices.

2. The system according to claim 1, wherein said applica-

tion server is further configured:

(a) to receive said time series of location points periodi-
cally and to record said time series of location points;
(b) to determine, as a time-related road characteristic,
existence of a traffic sign that applies only at a certain

time of day; and

(c) to create said dynamic navigational road map by taking
into account said time-related road characteristic of said
traffic sign that applies at said certain time of day.

3. The system of claim 1, wherein said application server is

further configured:

(a) to identify patterns with different times in a day and/or
days in a week; and

(b)based on said patterns, to determine an average red light
duration of a remote traffic light on one or more of said
roads of said road map.

4. The system according to claim 1, wherein said applica-

tion server is further configured:

(a) to identify based on said statistical analysis at least one
feature from a list comprising one-way roads, two-way
roads, dead ends, junctions of different types, allowable
and unallowable turns, roundabouts, speed bumps, over-
passes, underpasses, tunnels, number of lands, speed
limits, traffic lights, traffic signs, gas stations, parking
lots, and other static road characteristics and/or points of
interest;

(b) to detect a pronounced and consistent disappearance of
a plurality of navigation devices at a particular road
portion and a pronounced and consistent reappearance
of said plurality of navigation devices at said particular
road portion;
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(c) to reduce existence of a tunnel in said particular road

portion; and

(d) to include in the dynamic navigational road map a

location of said tunnel.

5. The system of claim 1, wherein the map identifies a
portion of a verified road as a tunnel upon detecting a pro-
nounced and consistence disappearance and reappearance of
the navigation devices along the verified road, and includes
characteristics of the verified roads deduced from the statis-
tical analysis.

6. The system of claim 1, wherein the map specifies facili-
ties at sides of the actual roads, identifies in realtime tempo-
rary and/or unusual events associated with the actual roads,
and indicates static and time-related characteristics of the
actual roads, wherein the static characteristics of the actual
roads include indication of a tunnel when a pronounced and
consistence disappearance and reappearance of the naviga-
tion devices along an actual road is detected, wherein the
time-related characteristics of the actual roads include infor-
mation regarding when a traffic sign applies, information
regarding when a turn is allowable/unallowable, and infor-
mation regarding average duration of red light at a certain
time/day.
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7. The system of claim 1, wherein the application server is
further configured to provide navigational instructions based
on the road map to a navigation device, wherein the naviga-
tional device can display the instructions, voice the instruc-
tions or both.

8. The system of claim 1, wherein the application server is
further configured to request information from at least one of
the plurality of navigation devices when no sufficient infor-
mation is received from the plurality of navigation devices to
determine characteristics of the at least one of said roads.

9. The system of claim 1, wherein the application server is
further configured to receive messages manually entered by
users of the plurality of navigation devices.

10. The system of claim 1, wherein at least one of the
plurality of navigation devices is able to communicate with
another of the plurality of navigation devices.

11. The system of claim 1, wherein one of the plurality of
navigation devices is configured to receive and display the
road map created by the application server.

12. The system of claim 1, wherein the map specifies any
HOV (high-occupancy vehicle) lanes.
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