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Description

[0001] The present application claims benefit under 35 U.S. C. 119(e) from U.S. Provisional Application 62,521,451
filed June 18, 2017.

BACKGROUND

[0002] Finding the right bus stop is a necessary step for a user of a bus transportation system to effectively use the
system for travel, but it can be difficult in practice. Bus stops are relatively small, sometimes consisting of merely a single
bench and a sign, or even less. A given stretch of road may comprise multiple bus stops that are far enough apart so
that a traveler has to make a choice as to which stop to wait at for the correct bus, while the stations are sufficiently
similar in appearance so that discerning which the right bus stop is either is not possible or takes substantial effort. In
addition, because a bus station is relatively small and easy to assemble and disassemble, its location is subject to
change, due to, for example, road construction or an updated bus route. Similar problems can exist in other transit
systems, in which a fleet of vehicles (such as but not limited to shuttlebuses, cars, and boats) pick up and let off riders
at designated transit stops, typically in accordance with a schedule.

[0003] Document "Improving Public Transit Accessibility for Blind Riders by Crowdsourcing Bus Stop Landmark Lo-
cations with Google Street View: An Extended Analysis" by KOTARO HARA ET AL, published the 09/03/2015, or
documents EP 3 128 292 and US 2011/148623 aim at identifying such stops.

[0004] Computer-based applications ("transit apps") help users navigate a transit system by providing schedules,
assistance for trip planning, and mapping of routes and transit stops. By way of example, a transit app user can query
and access through a transit app information regarding particular routes and/or transit stops.

SUMMARY

[0005] The small size of typical bus stop and the occurrence of changes in bus routes and bus stop location presents
a challenge for a transit app to consistently have available to it bus stop locations of sufficient accuracy and consistency
for optimal user satisfaction. Transit apps for other transit system, in which a fleet of vehicles (such as but not limited to
shuttlebuses, cars, and boats) pick up and let off riders at designated transit stops, typically in accordance with a schedule,
may face similar issues.

[0006] An aspect of an embodiment of the disclosure relates to providing a method that robustly determines locations
of stops for a transit system responsive to user-provided ("crowdsourced") location data. Hereinafter, the transit stop
location determination method in accordance with an embodiment of the disclosure may be referred to as a "stop location
crowdsourcing" or "SL crowdsourcing" method. Another aspect of an embodiment of the disclosure is a system, which
may be referred to herein as a "SL crowdsourcing system", that is operable to perform a SL crowdsourcing method in
accordance with an embodiment of the disclosure.

[0007] In an embodiment of the disclosure, the SL crowdsourcing method comprises: registering device location data
of a plurality of mobile computing devices (which may be also referred to herein as "mobile devices") when each of the
plurality of mobile computing devices displays information relating to a stop; and determining an updated transit stop
location responsive to the registered device location data. For convenience of presentation, a location of a device when
the device is displaying information relating to a given transit stop may be referred to herein as a "stop-lookup location"
for the given transit stop, and data relating to the stop-lookup location may be referred to herein as "stop-lookup data".
[0008] A transit app may be operable to generate a page ("a transit stop page") dedicated to providing information for
a particular transit stop, by way of example, one or more of a name of the transit stop, a list of vehicles or service lines
(such as bus routes) that stop at the transit stop, and estimated arrival times for buses scheduled to arrive. In an
embodiment of the disclosure, displaying information relating to a transit stop comprises displaying a transit stop page.
In an embodiment of the disclosure, the transit stop page includes real-time information relating to the transit stop,
including a real-time list of vehicles that are expected to stop at the transit stop and real-time estimated arrival times for
vehicles scheduled to arrive at the stop.

[0009] In an embodiment of the disclosure, the stop look-up data comprises, in addition to a stop-lookup location, one
or more of: an ID (mobile device ID) of the mobile device, an ID (transit stop ID) of the transit stop for which information
was displayed on the mobile device; a timestamp; and an accuracy of the stop-lookup location.

[0010] In an embodiment of the disclosure, the SL crowdsourcing method comprises: spatially clustering stop-lookup
locations for the transit stop to identify a plurality of candidate clusters; determining a centroid for each of the plurality
of candidate clusters and designating the plurality of centroids as a plurality of "candidate transit stop locations"; ranking
the plurality of candidate transit stop locations to determine a "winning candidate transit stop location" most likely to
reflect an actual transit stop location.

[0011] In an embodiment of the disclosure, the SL crowdsourcing method further comprises assessing if parameters
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of the winning candidate transit stop location meet threshold criteria for accuracy of data and/or likelihood of reflecting
the actual transit stop location. Optionally, if parameters of the winning candidate transit stop location meets threshold
criteria, the winning candidate transit stop location is designated as an "updated transit stop location". Optionally, if
parameters of the wining cluster does not meet threshold criteria, the transit stop location is not updated.

[0012] In an embodiment of the disclosure, the SL crowdsourcing method further comprises one or more of: providing
the updated transit stop location to a mobile device for display in the transit app; updating bus route information for the
transit app responsive to the updated transit stop location; and providing the updated transit stop location to a bus
transportation service provider.

[0013] In an embodiment of the disclosure, if the winning candidate transit stop location is determined to not meet
threshold criteria, the method further comprises transmitting instructions to mobile devices to transmit more, or more
accurate, stop-lookup locations for the transit stop.

[0014] Advantageously, a SL crowdsourcing method in accordance with an embodiment of the disclosure makes it
possible to determine transit stop location with a relatively small amount of location data collected from individual mobile
phones. As a result, for the mobile devices providing the location data, the SL crowdsourcing method can advantageously
reduce: data transmission costs; drainage of batteries; and intrusions of privacy of the users.

[0015] Embodiments of the disclosure may be applied to any transit system having designated locations (transit stops)
for passengers to get on and off a vehicle operated by the transit system. In accordance with an embodiment of the
disclosure, the vehicle may be selected from the group consisting of a bus, a shuttlebus, a car, a van, a train, a boat, a
ship, an aerial vehicle, or a train. Optionally, the transit vehicle is operated by a human operator and/or a computer-
based autonomous system.

[0016] In the discussion, unless otherwise stated, adjectives such as "substantially" and "about" modifying a condition
or relationship characteristic of a feature or features of an embodiment of the disclosure, are understood to mean that
the condition or characteristic is defined to within tolerances that are acceptable for operation of the embodiment for an
application for which it is intended. Unless otherwise indicated, the word "or" in the description and claims is considered
to be the inclusive "or" rather than the exclusive or, and indicates at least one of, or any combination of items it conjoins.
[0017] This Summary is provided to introduce a selection of concepts in a simplified form that are further described
below in the Detailed Description. This Summary is not intended to identify key features or essential features of the
claimed subject matter, nor is it intended to be used to limit the scope of the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Non-limiting examples of embodiments of the disclosure are described below with reference to figures attached
hereto that are listed following this paragraph. Identical features that appear in more than one figure are generally labeled
with a same label in all the figures in which they appear. A label labeling an icon representing a given feature of an
embodiment of the disclosure in a figure may be used to reference the given feature. Dimensions of features shown in
the figures are chosen for convenience and clarity of presentation and are not necessarily shown to scale.

Fig. 1 schematically shows a SL crowdsourcing system communicating with a plurality of mobile devices, in accord-
ance with an embodiment of the disclosure;

Fig. 2 shows a flowchart showing a SL crowdsourcing method in accordance with an embodiment of the disclosure;
Figs. 3A-3D schematically shows an overhead map of a few city blocks, the map indicating an old location of a bus
stop, stop-lookup locations of mobile devices for the bus stop, and an updated location of the bus stop determined
based on the stop-lookup locations in accordance with a SL crowdsourcing method in accordance with an embod-
iment of the disclosure; and

Fig. 4 schematically shows examples of centered and deviated entries of stop-lookup data, as used in a SL crowd-
sourcing method in accordance with an embodiment of the disclosure.

DETAILED DESCRIPTION

[0019] In the following text of the detailed description, features of a SL crowdsourcing system and method are shown
in Figs. 1-4 and discussed with reference to the figures. While the Detailed Description refers primarily to a bus transit
system having bus stops for passengers to get on and off a bus operated by the bus transit system, the disclosure herein
is not limited to a bus transit system. Embodiments of the disclosure as described herein below may be applied to any
transit system having transit stops for passengers to get on and off a vehicle operated by the transit system. In accordance
with an embodiment of the disclosure, the vehicle may be selected from the group consisting of a bus, a shuttlebus, a
car, a van, a train, a boat, a ship, an aerial vehicle, or a train. Optionally, the vehicle is operated by a human operator
and/or a computer-based autonomous system.

[0020] FIG. 1 shows an exemplary environment in which embodiments of the present disclosure are operable. SL
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crowdsourcing system 100 is operable to perform a SL crowdsourcing process in accordance with the present disclosure.
SL crowdsourcing system 100 is a computer-based system that may comprise CPUs and/or microprocessors and
memory as needed to provide and support processes in accordance with the disclosure. SL crowdsourcing system 100
and components thereof may comprise or be comprised in a server, a group of servers, or a distributed computing
system, such as a cloud computing system.

[0021] SL crowdsourcing system 100 comprises communications module 102 that enables communication (schemat-
ically shown as double headed arrow 50) with mobile devices 200. The wireless communication between SL crowd-
sourcing system 100 and mobile devices 200 may be mediated through one or more of various wireless communication
mediums known in the art, such as Wi-Fi and cellular communication networks. Mobile devices 200 may be one of
various mobile devices known in the art, by way of example smartphones, tablet computers, and the like, that are
equipped with components and instructions for tracking the location of the mobile device, for example through GPS
signals, cellular network signals, and Wi-Fi signals.

[0022] Mobile devices 200 are also operable to download or be pre-installed with a transit app 220. Transit app 220
is operable to display on mobile device 200 information ("location-based transitinformation") relating to bus transportation
that is responsive to the location of mobile device 200, which may be received by mobile devices 200 from a transit app
server 225. The location-based transit information received by mobile devices 200 from transmit app server 225 is
schematically illustrated as block arrow 55. Location-based bus information 55 includes, by way of example, locations
of bus stops and information regarding operation of bus lines near the location of mobile device 200, such as bus lines
stopping at a given bus stop and/or estimated arrival times of a given bus line at a given bus stop. Transit app 220 is
also operable to generate a page ("a bus stop page") dedicated to providing location-based transit information for a
particular bus stop. In an embodiment of the disclosure, displaying information relating to a bus stop comprises displaying
a bus stop page. The bus stop page may provide location-based transit information in real-time, in that the information
is regularly updated at a frequency that is easily perceived by a human user, for example at least once per minute, at
least once per 30 seconds, at least once per 10 seconds, at least once per second or at least once per half-second. By
way of example, the estimated arrival time of a bus at the bus stop as shown on the bus stop page may be regularly
updated responsive to, by way of example, location-based data provided by the bus or current traffic conditions, and
optionally provided via transit app server 225. Transit app 220 may generate a bus stop page responsive to receiving
input from a user of the transit app indicating a request for information regarding a particular bus stop. The request for
information may comprise, by way of example, selecting the particular bus stop from a list of nearby bus stop, or selecting
an icon representing the particular bus stop that is shown on an electronic map generated by the transit app.

[0023] In an embodiment of the disclosure, transit app 220 is operable to generate an entry of stop-lookup data
responsive to the transit app generating a bus stop page, and further to transmit said stop-lookup data entry to SL
crowdsourcing system 100. In an embodiment of the disclosure, each entry for stop-lookup data comprises, in addition
to a stop-lookup location, one or more of: a mobile device ID, a bus stop ID of the bus stop for which information was
displayed; a timestamp; and an accuracy of the stop-lookup location.

[0024] In an embodiment of the disclosure, a stop-lookup location comprises longitude and latitude coordinates, as
well as, optionally, altitude and/or accuracy. Optionally, stop-lookup location may be provided in accordance with a
Global Navigation Satellite System (GNSS) by way of example Global Positioning System (GPS) or GLONASS. The
location coordinates may be converted by SL crowdsourcing system 100 or prior to reception by the SL crowdsourcing
system to be in accordance with a Euclidean CRS, by way of example a UTM system, in order to for the SL crowdsourcing
system to perform geometric calculations with the stop-lookup locations.

[0025] Optionally, an accuracy of a stop-lookup location is a distance of a radius (which may be referred to herein as
a "confidence radius") for a circle along a horizontal plane around the stop-lookup location at which there is a defined
level of confidence that the true stop-lookup location is within the circle. The level of confidence may be a standard
deviation (STD), by way of example a first STD (68% confidence), a second STD (95.45% confidence) or a third STD
(99.73% confidence). As such, a higher value for a confidence radius indicates worse accuracy and a lower value for
the confidence radius indicates better accuracy. In a particular embodiment, the accuracy is defined as a radius around
the stop-lookup location defining a 68% confidence.

[0026] Inanembodiment of the disclosure, as transit app 220 is utilized by users of mobile devices 200, mobile devices
200 intermittently transmit new entries of stop-lookup data to SL crowdsourcing system 100. Moreover, one mobile
device 200 operating transit app 220 in accordance with an embodiment of the disclosure is operable to transmit an
entry of stop-lookup data for one bus stop in a plurality of instances, over the course of a day or even a few minutes,
depending by way of example on how often the user requests information for the bus stop or instructs the mobile device
to generate or update a bus stop page for the bus stop.

[0027] Communication module 102 is operable to receive the transmitted stop-lookup data entries and forwards the
data for storage in crowd data memory 104. Overtime, crowd data memory 104 amasses a store of many entries of
stop-lookup data for a plurality of bus stops from a plurality of mobile phones over a period of time, which may be hours,
days, months, or years.
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[0028] In an embodiment of the disclosure, transmission of an entry of stop-lookup data by a mobile device 200, or
registration of a transmission of a stop-lookup data transmission by a SL crowdsourcing system 100 from a particular
mobile device 200, may be limited to a maximum number of instances per period of time, by way of example once every
5minutes, so thatthe data setis not overly represented by users who opens a bus stop page with unusually high frequency.
[0029] Stop location ("SL") engine 106 comprised in SL crowdsourcing system 100 is operable to select stop-lookup
data regarding a defined bus stop over a defined period of time and determine or update a location of the bus stop
responsive to the stop-lookup data. SL engine 106 may comprise or be comprised in a microprocessor, or be a functional
unitcomprised ina computer system, which may be a distributed computing system, for example a cloud-based computing
system.

[0030] Reference is now made to Fig. 2, which shows a flowchart for a SL crowdsourcing process 300 in accordance
with an embodiment of the disclosure, as well as to addition to Fig. 1 schematically showing SL crowdsourcing system
100 operable to perform SL crowdsourcing process 300. In an embodiment of the disclosure, SL engine 106 determines
or updates a location of the bus stop by implementing a SL crowdsourcing process 300 responsive to a set of instructions
stored in a memory comprised in or operatively connected to SL engine 106. Optionally, the memory is crowd data
memory 104, main DB 106, or another memory (not shown) comprised in or operatively connected to SL crowdsourcing
system 100. SL crowdsourcing process 300 may be initiated for a given bus stop in response to one or more of a variety
of triggers. The trigger optionally include an indication ("error indication") that a default bus stop location for example as
stored in a main database ("main DB") 108 is incorrect. The error indication may comprise registering of complaints by
transit app users or anomalous driving patterns by buses at or near the bus stop. Additionally or alternatively, the trigger
includes a passing of a minimum user threshold for the given bus stop, by way of example as indicated by a number of
transit app users opening a bus stop page for the bus stop. Additionally or alternatively, the trigger optionally includes
a predetermined interval of time, such that, for every bus stop of a transit system, SL crowdsourcing system 100 peri-
odically inspects and if needed updates the default bus stop location in accordance with SL crowdsourcing process 300.
[0031] Inanembodimentofthe disclosure, SL crowdsourcing process 300 comprises ablock 302 comprising registering
a set of stop-lookup data from crowd data memory 104. The registered stop-lookup data for subsequent analysis by SL
engine 106 is selected based on a bus stop ID, in order to select for entries of stop-lookup data relating to a particular
bus stop.

[0032] Figs.3A-3C schematically shows an example set of stop-lookup locations from stop-lookup data entries selected
based on a particular bus stop ID for a bus stop named "the Diamond District stop”, which are overlaid on a map 400
of a city neighborhood comprising streets 402 and blocks 404. A compass 406 is shown for reference of direction. Figs.
3A-3C schematically show one street, 47th St., arranged on an East-West axis, and two Avenues, 51 Ave. and 6th Ave.,
arranged on a North-South axis. The default location of the Diamond District stop, as stored in main DB 108, is indicated
with a five-pointed star 410. The stop-lookup locations of individual entries of the stop-lookup data for the Diamond
District stop are schematically shown as small filled circles 502. Stop-lookup locations 502 are schematically displayed
together with open circles ("confidence circles") 504 that are each defined by a radius ("confidence radius") associated
with each stop-lookup location. The size of confidence circle 504 reflect the level of accuracy of the corresponding stop-
lookup location located at the center of the circle - a smaller size corresponds to better accuracy of the stop-lookup
location and a larger size corresponds to a less accurate stop-lookup location.

[0033] Optionally or additionally, registered stop-lookup data may be further selected based on one or more other data
entries comprised in the stop-lookup data, which may include: stop-lookup location; a mobile device ID; transit stop ID;
a timestamp; and an accuracy of the stop-lookup location.

[0034] Examples of selecting stop-lookup data registered for analysis based on the timestamp include: selecting for
stop-lookup data before or after a date of change in bus stop location as dictated by a bus transportation service provider;
selecting for stop-lookup data on particular days of the week, for example weekend or weekdays; selecting for stop-
lookup data from certain times, for example late night or business hours.

[0035] Otherexamples ofselecting stop-lookup data include selecting based on an accuracy of the stop-lookup location.
By way of example, the set of registered stop-lookup data may be selected to include only entries of stop-lookup data
having a minimum level of accuracy.

[0036] In an embodiment of the disclosure, SL crowdsourcing process 300 comprises a block 304 (Fig. 2) comprising
spatially clustering the registered stop-lookup locations for the bus stop to identify a plurality of candidate clusters. By
way of example, the registered stop-lookup data is loaded into a spatial index optimized to store and query data that
represents objects defined in a geometric space. Examples of spatial indices include: R-tree, R+ tree, R* tree, Hilbert
R-tree, HHCode, Grid (spatial index), Z-order (curve), Quadtree, Octree, UB-tree, X-tree, kd-tree, and m-tree.

[0037] Reference is now made to Fig. 3B. In an embodiment of the disclosure, once stop-lookup data is loaded onto
a spatial index, the spatial index is used to spatially cluster the stop-lookup locations. The spatial clustering may be
performed with various clustering methods known in the art. Optionally, the spatial clustering method includes Density-
Based Spatial Clustering of Applications with Noise (DBSCAN). Other optional clustering methods include OPTICS
(Ordering points to identify the clustering structure) algorithm and hierarchical clustering. For a given set of stop-lookup
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locations, let the set of clusters having n clusters be designated as consisting of cluster[1], cluster[2], ... cluster[n]. By
way of example, spatial clustering of stop-lookup locations 502 identifies six clusters, indicated as 510-1, 510-2, 510-3,
510-4, 510-5, and 510-6 in Figs. 3B-3D.

[0038] Referenceis now madetoFig.3C.Inanembodimentofthe disclosure, SL crowdsourcing process 300 comprises
a block 305 (Fig. 2) comprising designating cluster centroids as candidate bus stop locations. After the clusters are
designated, a centroid of each cluster is determined. The centroid of each of clusters 510-1, 510-2, 510-3, 510-4, 510-5,
and 510-6, respectively, are schematically shown as open crosses 520-1, 520-2, 520-3, 520-4, 520-5 and 520-6. Op-
tionally, the centroid is calculated so that stop-lookup location entries that are more accurate (having a shorter confidence
radius) are more heavily weighted. By way of example, let each stop-lookup location in a set of stop-lookup data entries
in a given cluster be defined as a set of points, each point p; having an x coordinate xi and a y coordinate y;, expressed as:

=Ly )

[formula 1]

In addition, let each point p; be associated with a weight w; defined as an inverse of the accuracy (confidence radius)
associated with the point such that a more accurate stop-lookup location is given more weight, in accordance with the
formula:

. = i
W, T —
i QOCIF Y

[formula 2].

The cluster centroid C for a set of points p; (n = 1 to i) can be expressed as

C= X.3) [formula 3],

where

[formula 4]

and

[formula 5].

[0039] Inanembodiment of the disclosure, the centroid of each cluster is designated as a candidate bus stop location.
[0040] In an embodiment of the disclosure, SL crowdsourcing process 300 comprises a block 306 (Fig. 2) comprising
ranking the candidate bus stop locations to determine a winning bus stop location. The candidate bus stop locations
may be ranked according to a confidence value indicating a confidence that the candidate bus stop location is the actual
location of the bus stop. The above confidence value may be referred to herein as a "location confidence value" or "LCV",
and may be a value ranging from 0 indicating minimum confidence and 1 indicating maximum confidence. The LCV for
a given candidate bus stop location may be calculated based on at least a portion of the entries comprised in the
registered stop-lookup data, optionally all entries comprised in the registered stop-lookup data.

[0041] Optionally, the LCV is calculated based on a selection of entries within the registered stop-lookup data having
locations that are presumed to co-localize with the candidate bus stop location with a minimum confidence. Optionally,
the selection of entries comprises selecting entries in which a circle (which may be referred to as a "confidence circle")
defined by the entry’s confidence radius and stop-lookup location encompasses the candidate bus stop location. For
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convenience of presentation, an entry that fulfills this requirement may be referred to herein as a "centered entry" with
respect to the candidate bus stop location, and an entry that fails to fulfil this requirement may be referred to as an
"deviated entry" with respect to the candidate bus stop location. Also for convenience of presentation, a set of entries
determined to the centered entries may be referred to as a "centered entry set" and a set of entries determined to the
deviated entries may be referred to as a "deviated entry set".

[0042] Reference is made to Fig. 4, showing stop-lookup locations of an example cluster 510. Stop-lookup location
502A and a confidence circle 504A correspond to a centered entry, in which confidence circle 504A encompasses a
centroid 520 of a cluster. Stop-lookup location 502A and confidence circle 504B also correspond to a centered entry.
By contrast, stop-lookup location 502C and a confidence circle 504C correspond to a deviated entry, in which confidence
circle 504C fails to encompass centroid 520.

[0043] In an embodiment of the disclosure, the LCV for a candidate bus stop location may be based on one or more
"specialized LCVs" calculated from at least a portion of the registered stop-lookup data.

[0044] Optionally, a first specialized LCV ("LCVdevice") is calculated based on a count of unique mobile devices in a
centered entry set for a candidate bus stop location relative to the total count of unique mobile devices in the registered
stop-lookup data set, such that a candidate bus stop location having a centered entry set with a high count of unique
devices has a high LCVdevice. Optionally, LCVdevice is a value between 0 and 1, with 0 reflecting no devices and 1
reflecting a high count of unique devices. By way of example, the LCVdevice may be a value based on the count of
unique mobile devices (by way of example mobile devices 200 shown in Fig. 1) in the centered entry set divided by the
total count of unique devices in the set of registered stop-lookup data entries. The count of unique mobile devices can
be determined using the device ID comprised in the stop-lookup data. By way of numerical example, let a registered
stop-lookup dataset consist of 1000 entries received from 100 unique devices. With respect to a first candidate bus stop
location, 300 entries are deviated entries received from 75 unique devices, and 700 entries are centered entries received
from 25 unique devices. In such an example, the LCVdevice for the cluster equals 25/ 100, which is 0.25. The LCVdevice
of a second candidate bus stop location, having centered entries that are received from 40 unique devices out of the
100 unique devices in the registered stop-lookup dataset, would equal 40 / 100, which is 0.4. As such, the second
candidate bus stop location has a higher LCVdevice, and thus a higher confidence that it is the actual location of the
bus stop. Optionally, the LCVdevice is calculated as a weighted average, in which devices that are located farther from
the candidate bus stop location, or devices associated with an entry having a worse accuracy, is assigned a lower weight
and thus contribute less to the average compared to devices are located closer to the candidate bus stop location.
[0045] Additionally or alternatively, a second specialized LCV ("LCVdistance") is based on an accuracy of the confi-
dence radius of the entries in a centered entry set with respect to a candidate bus stop location, such that a candidate
bus stop location with a centered entry set with high average accuracy has a high LCVdistance. Because a high confidence
radius value corresponds to low accuracy and a low confidence radius value corresponds to high accuracy, an inverse
of the confidence radius value may be used as a measure of accuracy. As such, LCVdistance may be based on a sum
of the inverse of the confidence radius for each centered entry for a candidate bus location divided by a sum of the
inverse of the confidence radius for all entries in the registered stop-lookup dataset. Calculated in such a way, the
LCVdistance would have a value between 0 and 1, and candidate bus stop locations in which the centered entries tend
to have better accuracy of its stop-lookup location tends to have a higher LCVdistance value compared to other candidate
bus stop locations.

[0046] By way of numerical example, let a registered stop-lookup data set consist of 1000 entries, and let an average
confidence radius of 300 centered entries for a first candidate bus location be 2 meters and the average confidence
radius of all 1000 entries in the dataset be 5 meters. In such an example, the LCVdistance for the first candidate bus
location equals 150 (300 entries x 1/2) divided by 200 (1000 entries x 1/5), which is 0.75. A second candidate bus stop
location having centered entries with a longer confidence radius would have a smaller LCVdistance. By way of a second
numerical example, let a second candidate bus stop location have 300 centered entries having an average confidence
radius of 6 meters, which is less accurate than the average confidence radius of 5 for all entries in the registered dataset.
LCVdistance for the second candidate bus stop would be 50 (300 entries x 1/6) divided by 200 (1000 entries x 1/5),
which is 0.25. As such, with respect to LCVdistance, the first candidate bus stop location has a higher confidence that
it is the actual location of the bus stop compared to the second candidate bus stop location. Optionally, an average
confidence radius for deriving the LCVditance is calculated as a weighted average, in which the contribution of a radius
confidence of a given entry is weighted in accordance with the distance of the device location from the candidate bus
stop, such that a confidence radius of a device located farther from the candidate bus stop location contributes less to
the average compared to the confidence radius of devices located closer to the candidate bus stop location.

[0047] Additionally or alternatively, a third specialized LCV ("LCVtime") is based on a count of days that include a
centered entry relative to the total count of days covered in the entries of the stop-lookup dataset comprised in the
cluster. The count of days can be determined using the timestamp comprised in the stop-lookup dataset. As such,
LCVtime may be based on a count of days comprising a centered entry for a candidate stop-lookup location, divided by
a count of all the days covered in the stop-lookup dataset. By way of numerical example, let a first candidate bus stop
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be registered with 1000 entries collected over seven days, out of which five days include at least one centered entry. In
such an example, the LCVtime for a first candidate bus stop location would be 5 divided by 7, which is 0.714. In a second
numerical example, let a second candidate bus stop location be registered with 500 entries collected over seven days,
out of which two days include at least one centered entry. The LCVtime for the second candidate bus stop location would
be 2 divided by 7, which is 0.285. As such, with respect to LCVtime, the first candidate bus stop location has a higher
confidence that it is the actual location of the bus stop compared to the second candidate bus stop location. Optionally,
the LCVtime is calculated as a weighted average, in which devices that are located farther from the candidate bus stop
location are assigned a lower weight and thus contribute less to the average compared to devices that are located closer
to the candidate bus stop location.

[0048] In an embodiment of the disclosure, a LCV may be based on one or more of LCVdevice, LCVdistance and
LCVtime. Optionally, a LCV may be a weighted average of one or more of LCVdevice, LCVdistance and LCVtime. In a
numerical example, LCV = a(LCVdevice) + b(LCVdistance) + c(LCVtime), wherea +b +c = 1.

[0049] Optionally, after the LCV is calculated for each cluster comprised in a set of registered stop-lookup data, the
candidate bus stop locations are ranked based of their respective LCV. Optionally, the cluster with the highest LCV is
designated as the stop-lookup data set’s "winning" candidate bus stop location - the location presumed to reflect the
location of the bus stop corresponding to the bus stop ID against which the entries comprised in the stop-lookup data
set was selected.

[0050] By way of numerical example, let the candidate bus stop locations shown in Fig. 3C be determined to have the
following LCVs:

Table 1
Centroid | LCV
520-1 0.21
520-2 0.44
520-3 0.22
520-4 0.37
520-5 0.82 (winning)
520-6 0.16

[0051] Out of the six candidate bus stop locations, cluster 510-5 has the highest LCV of 0.82, and centroid 520-5 of
cluster 510-5 is thus designated in the example as the winning candidate bus stop location.

[0052] In an embodiment of the disclosure, SL crowdsourcing method 300 further comprises a block 308 (Fig. 2)
comprising assessing if parameters of the winning candidate bus stop location meet at least one of or optionally all
threshold criteria disclosed below, for accuracy of data and/or likelihood of the winning candidate bus stop location
reflecting the actual stop location. Optionally, if parameters of the winning candidate bus stop location meets threshold
criteria, the winning candidate bus stop location is designated as an updated bus stop location. By way of example, let
a centroid of a given cluster of stop-lookup locations be designated as a winning candidate bus stop location (block 310).
If parameters of the winning candidate bus stop location do not meet the at least one threshold criteria, the bus stop
location is not updated (block 312). In an embodiment of the disclosure, the parameter of the winning candidate bus
stop location is based on its LCV.

[0053] Optionally, a first threshold criterion for a winning candidate bus stop location to qualify as an updated bus stop
location is that the winning candidate bus stop location’s LCV must be higher than the LCV of the second-ranked
candidate bus stop location by at least a predetermined minimum difference value. The first threshold criterion contributes
to ensuring that the stop-lookup entries of the winning candidate bus stop location reflects the location of the bus stop
substantially better than all of the other candidate bus stop locations. By way of numerical example, let the minimum
difference value be 0.3. In such a case, the winning candidate bus stop location 520-5 shown in Fig. 3C having a LCV
of 0.82 may qualify to be an updated bus stop location because the LCV of the second-ranked candidate bus stop
location 520-2 is 0.44, such that the difference between the respective LCVs of winning candidate bus stop locations
520-5 and 520-2 is greater than the minimum difference value of 0.3.

[0054] Additionally or alternatively, a second threshold criterion is that the winning candidate bus stop location’s LCV
must be higher, at least by a predetermined minimum difference value, than a LCV ("original bus stop LCV") calculated
using the original location of the same bus stop as identified in accordance with a bus stop ID, by way of example as
stored in main DB 108 prior to the start of the SL crowdsourcing process, as a candidate bus stop location. The second
threshold criterion contributes to ensuring that the winning candidate bus stop location reflects the actual current location
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of the bus stop substantially better than the previously established location of the same bus stop. By way of numerical
example, let an original bus stop LCV, calculated with respect to the registered stop-lookup dataset and previously
established bus stop location stored in main DB 108, have a value of 0.08. In such a case, the winning candidate bus
stop location 520-5 having a LCV of 0.82 may qualify to be the updated bus stop location.

[0055] Additionally or alternatively, a third threshold criterion is that, on average, the location of the entries included
in the cluster whose centroid was designated as the winning candidate bus stop location is sufficiently accurate. Optionally,
the average confidence radius value (which may be referred to as "cluster accuracy” or "C;ac,") Of the stop-lookup
data entries included in the cluster whose centroid was designated as the winning candidate bus stop location is below
a maximum value. As such, a winning candidate bus stop location may not qualify to be an updated bus stop location
if the stop-lookup locations included in the cluster defining the winning candidate bus stop location do not have sufficient
cluster accuracy according to an objective standard. By way of numerical example, a winning candidate bus stop location
may not qualify as an updated bus stop location if the cluster accuracy of the entries in the cluster is above 15 meters.
[0056] The cluster accuracy may be calculated as follows. For a given cluster having a centroid C having coordinates:

C = {1* 1} [formula 3],

cluster accuracy (Cgeeyracy) Of the cluster may be calculated as a weighted average of the Euclidean distance dist(C. p;)
between the location of the cluster centroid C and each point p; in the cluster, with the Euclidean distance for each point
p; being weighted with weight w; in accordance with the point’s accuracy, in accordance with the formula:

{" —
S QEEGCY

2

[formula 6].

[0057] Additionally or alternatively, a fourth threshold criterion is that a Euclidean distance between the winning can-
didate bus stop location and the current bus stop location should above a certain threshold. As such, a winning candidate
bus stop location may not qualify to be an updated bus stop location if there is no appreciable difference between the
two locations.

[0058] In an embodiment of the disclosure, the winning candidate bus stop location is designated as the updated bus
stop location, upon fulfilling the first, second, third, and fourth threshold criteria.

[0059] By way of example, as shows in Fig. 3D, winning candidate bus stop location 520-5 fulfills the first, second,
third, and fourth threshold criteria and is thus designated to be the updated bus stop location for the Diamond District
stop, which is schematically indicated by a four-pointed star 415.

[0060] The third and fourth criteria described above do not require that the LCV of the candidate bus stop locations
be first determined. As such, the third and fourth criteria may be applied at block 304 or block 305 to eliminate clusters
prior to ranking the clusters based on LCV in accordance with block 306. As such, clusters that lack a threshold level of
cluster accuracy, or clusters whose centers are not sufficiently distant from the previous bus stop location may be
removed from consideration even before their respective LCV is determined.

[0061] Reference is made back to Fig. 1. In an embodiment of the disclosure, designation of a bus stop location and
an updated bus stop location by SL engine 106 triggers updating the location of the bus as stored in main DB 108 and/or
transmitting the updated bus stop location to a bus transportation service provider that makes use of the bus stop.
[0062] Referenceis made backto Fig.2.1nanembodimentofthe disclosure, SL crowdsourcing process 300 comprises
ablock 314 comprising, if the winning candidate bus stop location is determined to not meet threshold criteria as described
with respect to block 308, transmitting instructions to mobile devices to transmit more accurate stop-lookup locations
for the bus stop.

[0063] Reference is made back to Fig. 1. In an embodiment of the disclosure, if SL engine 106 analyzes stop-lookup
data for a given bus stop, but the resulting stop-lookup data does not produce a cluster that qualifies to provide an
updated bus stop location in light of block 308, then SL engine 106 transmits "location boost" instructions to mobile
devices 200 to subsequently provide more, or more accurate, location-based data relevant to the given bus stop. Op-
tionally, the mobile device ID comprised in the stop-lookup data set may be used so that the instructions are sent to the
mobile phone that previously transmitted stop-lookup data for the given bus stop. As such, the instructions may be sent
only to a subset of mobile devices operating transit app 220 and operable to communicate with SL crowdsourcing system
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100. Optionally, a "location boost area", which may include a city or neighborhood that is determined based on the stop-
lookup locations in the registered stop-lookup data set, and the location boost instructions are transmitted to all mobile
devices that have previously transmitted stop-lookup locations located in the location boost area.

[0064] In an embodiment of the disclosure, the location boost instructions may comprise instructing certain mobile
devices 200 to activate its GPS receiver, optionally when a user instructs the mobile device to access information for
the given bus stop. Alternatively or additionally, the location boost instructions may comprise requesting location data
from other sources, such as from location-tracking equipment on buses.

[0065] In the description and claims of the present application, the term "average", unless otherwise specified, is
understood to be a result of one of any type of averaging methods known in the art, including but not limited to: mean,
mode, median, or weighted average.

[0066] In the description and claims of the present application, each of the verbs, "comprise" "include" and "have",
and conjugates thereof, are used to indicate that the object or objects of the verb are not necessarily a complete listing
of components, elements or parts of the subject or subjects of the verb.

[0067] Descriptions of embodiments of the disclosure in the present application are provided by way of example and
are not intended to limit the scope of the invention. The described embodiments comprise different features, not all of
which are required in all embodiments of the invention. Some embodiments utilize only some of the features or possible
combinations of the features. Variations of embodiments of the invention that are described, and embodiments of the
invention comprising different combinations of features noted in the described embodiments, will occur to persons of
the art. The scope of the invention is limited only by the claims.

Claims
1. A method for determining a location of a transit stop for a transit system, the method comprising:

registering a plurality of entries of device location data of a plurality of mobile computing devices (200); and
determining a transit stop location (415) responsive to the registered entries of device location data,
characterized in that each entry of the plurality of entries comprises a geographical coordinate of a mobile
computing device from the plurality of mobile computing devices at a time the mobile computing device displayed
information relating to the transit stop.

2. The method according to claim 1, wherein displaying information relating to the transit stop comprises displaying a
page dedicated to providing information for the transit stop, the page comprising one or more of: a location of the
transit stop; a list of vehicles scheduled to stop at the transit stop; and scheduled arrival times for the vehicles.

3. The method according to claim 2, wherein the information relating to the transit stop comprises real-time information
comprising one or more of: a real-time location of the computing device with respect to the transit stop location; a
real-time list of vehicles that are expected to stop at the transit stop; and real-time estimated arrival times for the
vehicles.

4. The method according to any one of claims 1-3, wherein the device location data for each mobile device further
comprises one or more of: an ID of the mobile device, an ID of the bus stop for which information was displayed on
the mobile device; a timestamp; and an accuracy of the geographical coordinate.

5. The method according to claim 4, wherein determining the transit stop location comprises:

clustering the registered entries in accordance with each entry’s respective geographical coordinate to identify
clusters; and

determining a centroid for each of the clusters and designating each centroid as a candidate transit stop location;
determining a confidence value for each candidate transit stop location, the confidence value being responsive
to one or more parameters of a plurality of selected entries selected from the plurality of registered entries,
which are presumed to co-localize with the candidate transit stop location;

ranking the plurality of candidate transit stop locations in accordance with the respective confidence values to
determine a winning candidate transit stop location; and

designating the winning candidate transit stop location as the transit stop location.

6. The method according to claim 5, wherein the plurality of selected entries are selected by:
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determining for each of the plurality of registered entries a confidence circle having a center and a radius, the
center being based on the respective entry’s geographic coordinate and the radius being based on the respective
entry’s accuracy, wherein high accuracy corresponds to a short radius and low accuracy corresponds to a long
radius;

selecting, as selected entries, registered entries having a confidence circle that encompasses the candidate
stop location.

The method according to claim 5 or claim 6, wherein the confidence value is responsive to one or more of:

a count of unique mobile device IDs in the plurality of selected entries relative to the total count of unique mobile
device IDs in the plurality of registered entries;

an average accuracy of the selected entries; and

a count of days included in the plurality of selected entries relative to the total count of days included in the
plurality of registered entries.

A system for determining a location of a transit stop for a transit system, the system comprising:

a communication module (102) operable to receives a plurality of entries of device location data from a plurality
of mobile computing devices (200);

a crowd data memory (104) that stores the device location data received by the plurality of communication
modules; and

a microprocessor operable, responsive to a set of instructions stored in a memory, to:

register device location data stored in the crowd data memory (104) that relates to the transit stop; and
determine a location of the transit stop (415) responsive to the registered entries of the device location data,

characterized in that each entry of the plurality of entries comprises a geographical coordinate of a mobile computing
device from the plurality of the mobile computing devices at a time the mobile computing device displayed information
relating to the transit stop.

The system according to claim 8, wherein displaying information relating to the transit stop comprises displaying a
page dedicated to providing information for the transit stop, the page comprising one or more of: a location of the
transit stop; a list of vehicles scheduled to stop at the transit stop; and scheduled arrival times for the vehicles.

The system according to claim 9, wherein the information relating to the transit stop comprises real-time information
comprising one or both of: a real-time location of the computing device with respect to the transit stop location; a
real-time list of vehicles that are expected to stop at the transit stop; and real-time estimated arrival times for the
vehicles.

The system according to any one of claims 8-10, wherein the device location data for each mobile device further
comprises one or more of: an ID of the mobile device, an ID of the bus stop for which information was displayed on
the mobile device; a timestamp; and an accuracy of the geographical coordinate.

The system according to claim 11, wherein determining the transit stop location comprises:

clustering the registered entries in accordance with each entry’s respective geographical coordinate to identify
clusters; and

determining a centroid for each of the clusters and designating each centroid as a candidate transit stop location;
determining a confidence value for each candidate transit stop location, the confidence value being responsive
to one or more parameters of a plurality of selected entries selected from the plurality of registered entries,
which are presumed to co-localize with the candidate transit stop location;

ranking the plurality of candidate transit stop locations in accordance with the respective confidence values to
determine a winning candidate transit stop location; and

designating the winning candidate transit stop location as the transit stop location.

The system according to claim 12, wherein the plurality of selected entries are selected by:

determining for each of the plurality of registered entries a confidence circle having a center and a radius, the
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center being based on the respective entry’s geographic coordinate and the radius being based on the respective
entry’s accuracy, wherein high accuracy corresponds to a short radius and low accuracy corresponds to a long
radius;

selecting, as selected entries, registered entries having a confidence circle that encompasses the candidate
transit stop location.

14. The system according to claim 12 or claim 13, wherein the confidence value is responsive to one or more of:

a count of unique mobile device IDs in the plurality of selected entries relative to the total count of unique mobile
device IDs in the plurality of registered entries;

an average accuracy of the selected entries; and

a count of days included in the plurality of selected entries relative to the total count of days included in the
plurality of registered entries.

15. The system according to any one of claims 12-14, wherein the winning candidate transit stop location is not designated

as the transit stop location unless the winning candidate stop location meets one or more threshold criteria selected
from the following:

the confidence value of the winning candidate transit stop location is higher than the confidence value of the
second-ranked candidate transit stop location by at least predetermined minimum difference value;

the confidence value of the winning candidate transit stop location is higher than a confidence value calculated
using an original geographical coordinate of the transit stop as a candidate transit stop location by at least a
predetermined minimum difference value;

an average location accuracy of the set of registered entries included in the cluster whose centroid was desig-
nated as the winning candidate transit stop location meets or exceeds a predetermined value; and

a Euclidean distance between the winning candidate transit stop location and a default transit stop location is
above a predetermined threshold.

Patentanspriiche

Verfahren zur Bestimmung eines Standorts eines Zwischenstopps fiir ein Durchgangsverkehrssystem, das Verfah-
ren umfassend:

Registrieren einer Vielzahl von Eintragen von Vorrichtungsstandortdaten einer Vielzahl von mobilen Rechen-
vorrichtungen (200); und

Bestimmen eines Zwischenstoppstandorts (415) in Reaktion auf die registrierten Eintrage von Vorrichtungs-
standortdaten,

dadurch gekennzeichnet, dass jeder Eintrag der Vielzahl von Eintrdgen eine geografische Koordinate einer
mobilen Rechenvorrichtung von der Vielzahl von mobilen Rechenvorrichtungen zu einem Zeitpunkt umfasst,
bei dem die mobile Rechenvorrichtung Informationen bezlglich des Zwischenstopps angezeigt hat.

Verfahren nach Anspruch 1, wobei Anzeigen von Informationen bezliglich des Zwischenstopps Anzeigen einer Seite
umfasst, die dediziert ist, Informationen fir den Zwischenstopp bereitzustellen, wobei die Seite eines oder mehreres
umfasst von: einem Standort des Zwischenstopps; einer Liste von Fahrzeugen, die eingeplant sind, bei dem Zwi-
schenstopp zu stoppen; und geplanten Ankunftszeiten fir die Fahrzeuge.

Verfahren nach Anspruch 2, wobei die Informationen bezliglich des Zwischenstopps Echtzeitinformationen umfas-
sen, die eines oder mehreres umfassen von: einem Echtzeitstandort der Rechenvorrichtung in Bezug auf den
Zwischenstoppstandort; einer Echtzeitliste von Fahrzeugen, die erwartet werden, beim Zwischenstopp zu stoppen;
und in Echtzeit geschatzten Ankunftszeiten fir die Fahrzeuge.

Verfahren nach einem der Anspriiche 1-3, wobei die Vorrichtungsstandortdaten fiir jede mobile Vorrichtung weiter
eines oder mehreres umfasst von: einer Kennung der mobilen Vorrichtung, einer Kennung des Busstopps, flur den
Informationen auf der mobilen Vorrichtung angezeigt wurden; einen Zeitstempel; und einer Genauigkeit der geo-
grafischen Koordinate.

Verfahren nach Anspruch 4, wobei Bestimmen des Zwischenstoppstandorts umfasst:
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Gruppieren der registrierten Eintrage in Ubereinstimmung mit der jeweiligen geografischen Koordinate jedes
Eintrags, um Gruppen zu identifizieren; und

Bestimmen eines Schwerpunkts fiir jede der Gruppen und Benennen jedes Schwerpunkts als einen Kandida-
tenzwischenstoppstandort;

Bestimmen eines Vertrauenswerts fir jeden Kandidatenzwischenstoppstandort, wobei der Vertrauenswert auf
einen oder mehrere Parameter einer Vielzahl ausgewahlter Eintrage reagiert, die aus der Vielzahl von regist-
rierten Eintrdgen ausgewabhlt sind, die angenommen werden, mit dem Kandidatenzwischenstoppstandort zu-
sammenzufallen;

Reihen der Vielzahl von Kandidatenzwischenstoppstandorten in Ubereinstimmung mit den jeweiligen Vertrau-
enswerten, um einen gewinnenden Kandidatenzwischenstoppstandort zu bestimmen; und

Benennen des gewinnenden Kandidatenzwischenstoppstandorts als den Zwischenstoppstandort.

Verfahren nach Anspruch 5, wobei die Vielzahl von ausgewahlten Eintrdgen ausgewahlt ist durch:

Bestimmen fiir jeden der Vielzahl von registrierten Eintragen eines Vertrauenskreises, der einen Mittelpunkt
und einen Radius aufweist, wobei der Mittelpunkt auf der geografischen Koordinate des jeweiligen Eintrags
basiert und der Radius auf der Genauigkeit des jeweiligen Eintrags basiert, wobei hohe Genauigkeit einem
kurzen Radius entspricht und niedrige Genauigkeit einem langen Radius entspricht;

Auswahlen, als ausgewahlte Eintrage, registrierter Eintrage, die einen Vertrauenskreis aufweisen, der den
Kandidatenstoppstandort umschlief3t.

Verfahren nach Anspruch 5 oder Anspruch 6, wobei der Vertrauenswert auf eines oder mehreres reagiert von:

einer Zahlvon einzigartigen mobilen Vorrichtungskennungen in der Vielzahl von ausgewahlten Eintragen, relativ
zur Gesamtzahl einzigartiger mobiler Vorrichtungskennungen in der Vielzahl von registrierten Eintragen;
einer Durchschnittsgenauigkeit der ausgewahlten Eintrage; und

einer Zahl von Tagen, die in der Vielzahl von ausgewahlten Eintragen beinhaltet sind, relativ zu der Gesamtzahl
von Tagen, die in der Vielzahl von registrierten Eintrdgen beinhaltet sind.

System zur Bestimmung eines Standorts eines Zwischenstopps fiir ein Durchgangsverkehrssystem, das System
umfassend:

ein Kommunikationsmodul (102), das betriebsfahig ist, eine Vielzahl von Eintragen von Vorrichtungsstandort-
daten von einer Vielzahl von mobilen Rechenvorrichtungen (200) zu empfangen;

einen Menschenmengendatenspeicher (104), der die Vorrichtungsstandortdaten speichert, die von der Vielzahl
von Kommunikationsmodulen empfangen werden; und

einen Mikroprozessor, der betriebsfahig ist, in Antwort auf einen Satz on Anweisungen, die in einem Speicher
gespeichert sind, zum:

Registrieren von Vorrichtungsstandortdaten, die im Menschenmengendatenspeicher (104) gespeichert
sind, der sich auf den Zwischenstopp bezieht; und

Bestimmen eines Standorts des Zwischenstopps (415) in Antwort auf die registrierten Eintrage der Vor-
richtungsstandortdaten,

dadurch gekennzeichnet, dass jeder Eintrag der Vielzahl von Eintrdgen eine geografische Koordinate einer
mobilen Rechenvorrichtung von der Vielzahl der mobilen Rechenvorrichtungen zu einem Zeitpunkt umfasst,
bei dem die mobile Rechenvorrichtung Informationen beziiglich des Zwischenstopps angezeigt hat.

System nach Anspruch 8, wobei Anzeigen von Informationen beziiglich des Zwischenstopps Anzeigen einer Seite
umfasst, die dediziert ist, Informationen fiir den Zwischenstopp bereitzustellen, wobei die Seite eines oder mehreres
umfasst von: einem Standort des Zwischenstopps; einer Liste von Fahrzeugen, die eingeplant sind, bei dem Zwi-
schenstopp zu stoppen; und geplanten Ankunftszeiten fir die Fahrzeuge.

System nach Anspruch 9, wobei die Informationen bezuiglich des Zwischenstopps Echtzeitinformationen umfassen,
die eines oder beides umfassen von: einem Echtzeitstandort der Rechenvorrichtung in Bezug auf den Zwischen-
stoppstandort; einer Echtzeitliste von Fahrzeugen, die erwartet werden, bei dem Zwischenstopp zu stoppen; und
in Echtzeit geschatzten Ankunftszeiten fiir die Fahrzeuge.
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11. System nach einem der Anspriiche 8-10, wobei die Vorrichtungsstandortdaten fir jede mobile Vorrichtung weiter

12.

eines oder mehreres umfassen von: einer Kennung der mobilen Vorrichtung, einer Kennung des Busstopps, flr
den Informationen auf der mobilen Vorrichtung angezeigt wurden; einem Zeitstempel; und einer Genauigkeit der
geografischen Koordinate.

System nach Anspruch 11, wobei Bestimmen des Zwischenstoppstandorts umfasst:

Gruppieren der registrierten Eintrage in Ubereinstimmung mit der jeweiligen geografischen Koordinate jedes
Eintrags, um Gruppen zu identifizieren; und

Bestimmen eines Schwerpunkts fiir jede der Gruppen und Benennen jedes Schwerpunkts als einen Kandida-
tenzwischenstoppstandorts;

Bestimmen eines Vertrauenswerts fir jeden Kandidatenzwischenstoppstandort, wobei der Vertrauenswert auf
einen oder mehrere Parameter einer Vielzahl von ausgewahlten Eintragen reagiert, die aus der Vielzahl von
registrierten Eintragen ausgewahlt sind, die angenommen sind, mit dem Kandidatenzwischenstoppstandort
zusammenzufallen;

Reihen der Vielzahl von Kandidatenzwischenstoppstandorten in Ubereinstimmung mit den jeweiligen Vertrau-
enswerten, um einen gewinnenden Kandidatenzwischenstoppstandort zu bestimmen; und

Benennen des gewinnenden Kandidatenzwischenstoppstandorts als den Zwischenstoppstandort.

13. System nach Anspruch 12, wobei die Vielzahl von ausgewahlten Eintrdgen ausgewahlt wird durch:

Bestimmen fiir jeden der Vielzahl von registrierten Eintradgen eines Vertrauenskreises, der einen Mittelpunkt
und einen Radius aufweist, wobei der Mittelpunkt auf der geografischen Koordinate des jeweiligen Eintrags
basiert und der Radius auf der Genauigkeit des jeweiligen Eintrags basiert, wobei hohe Genauigkeit einem
kurzen Radius entspricht und niedrige Genauigkeit einem langen Radius entspricht;

Auswahlen, als ausgewahlte Eintrage, registrierter Eintrage, die einen Vertrauenskreis aufweisen, der den
Kandidatenzwischenstoppstandort umschlief3t.

14. System nach Anspruch 12 oder Anspruch 13, wobei der Vertrauenswert auf eines oder mehreres reagiert von:

einer Zahlvon einzigartigen mobilen Vorrichtungskennungen in der Vielzahl von ausgewahlten Eintragen, relativ
zur Gesamtzahl einzigartiger mobiler Vorrichtungskennungen in der Vielzahl von registrierten Eintragen;
einer Durchschnittsgenauigkeit der ausgewahlten Eintrage; und

einer Zahl von Tagen, die in der Vielzahl von ausgewahlten Eintrdgen beinhaltet sind, relativ zu der Gesamtzahl
von Tagen, die in der Vielzahl von registrierten Eintrdgen beinhaltet sind.

15. System nach einem der Anspriiche 12-14, wobei der gewinnende Kandidatenzwischenstoppstandort nicht als der

Zwischenstoppstandort benannt ist, auRer der gewinnende Kandidatenzwischenstoppstandort erfllt ein oder meh-
rere Schwellenkriterien, die aus dem Folgenden ausgewahilt sind:

der Vertrauenswert des gewinnenden Kandidatenzwischenstoppstandorts ist um zumindest einen vorgegebe-
nen minimalen Unterschiedswert héher als der Vertrauenswert des zweitplatzierten Kandidatenzwischenstopp-
standorts;

der Vertrauenswert des gewinnenden Kandidatenzwischenstoppstandorts ist um zumindest einen vorgegebe-
nen minimalen Unterschiedswert hdher als ein Vertrauenswert, der unter Verwendung einer urspriinglichen
geografischen Koordinate des Zwischenstopps als ein Kandidatenzwischenstoppstandort berechnet ist;

eine Durchschnittsstandortgenauigkeit des Satzes von registrierten Eintragen, die in der Gruppe beinhaltet
sind, deren Schwerpunkt als der gewinnende Kandidatenzwischenstoppstandort benannt wurde, erfiillt oder
Ubersteigt einen vorbestimmten Wert; und

ein euklidischer Abstand zwischen dem gewinnenden Kandidatenzwischenstoppstandort und einem Standard-
zwischenstoppstandort ist (iber einer vorgegebenen Schwelle.

Revendications

1.

Procédé de détermination d’'un emplacement d’un arrét de transport en commun pour un systéme de transport en
commun, le procédé comprenant :
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I'enregistrement d’une pluralité d’entrées de données d’emplacement de dispositif d’'une pluralité de dispositifs
informatiques mobiles (200) ; et

la détermination d’'un emplacement (415) d’un arrét de transport en commun en réponse aux entrées enregis-
trées des données d’emplacement de dispositif,

caractérisé en ce que chaque entrée de la pluralité d’entrées comprend une coordonnée géographique d’'un
dispositif informatique mobile parmi la pluralité de dispositifs informatiques mobiles au moment de I'affichage
des informations concernant I'arrét de transport en commun sur le dispositif informatique mobile.

Procédé selon la revendication 1, dans lequel I'affichage des informations relatives a I'arrét de transport en commun
comprend l'affichage d’'une page dédiée a la fourniture d’informations concernant I'arrét de transport en commun,
la page comprenant une ou plusieurs informations parmi : un emplacement de I'arrét de transport en commun ; une
liste de véhicules qui doivent s’arréter a I'arrét de transport en commun ; et les heures d’arrivée prévue pour les
véhicules.

Procédé selon larevendication 2, dans lequel les informations relatives al'arrét de transporten commun comprennent
des informations en temps réel comprenant une ou plusieurs informations parmi : un emplacement en temps réel
du dispositif informatique par rapport a 'emplacement de I'arrét de transport en commun ; une liste en temps réel
de véhicules qui sont censés s’arréter a I'arrét de transport en commun ; et les heures d’arrivée estimée en temps
réel pour les véhicules.

Procédé selon I'une quelconque des revendications 1-3, dans lequel les données d’emplacement de dispositif pour
chaque dispositif mobile comprennent en outre une ou plusieurs informations parmi : un ID du dispositif mobile, un
ID de l'arrét de bus pour lequel les informations sont affichées sur le dispositif mobile ; une estampille temporelle ;
et une précision de la coordonnée géographique.

Procédé selon la revendication 4, dans lequel la détermination de 'emplacement de I'arrét de transport en commun
comprend :

le regroupement des entrées enregistrées en fonction de chaque coordonnée géographique respective d'entrée
pour identifier des groupes ; et

la détermination d’un centroide pour chacun des groupes et la désignation de chaque centroide comme em-
placement d’arrét de transport en commun candidat ;

la détermination d’'une valeur de confiance pour chaque emplacement d’arrét de transport en commun candidat,
la valeur de confiance étant définie en fonction d’'un ou plusieurs paramétres d’une pluralité d’entrées sélec-
tionnées qui ont été sélectionnées parmi la pluralité d’entrées enregistrées, qui sont censées étre situées au
méme emplacement que I'emplacement d’arrét de transport en commun candidat ;

le classement de la pluralité d’emplacements d’arréts de transport en commun candidats en fonction des valeurs
de confiance respectives pour déterminer un emplacement d’arrét de transport en commun candidat vainqueur ;
et

la désignation de I'emplacement d’arrét de transport en commun candidat vainqueur comme I'emplacement
d’arrét de transport en commun.

Procédé selon la revendication 5, dans lequel la pluralité d’entrées sélectionnées sont sélectionnées par :

la détermination, pour chacune de la pluralité d’entrées enregistrées, d’'un cercle de confiance présentant un
centre et un rayon, le centre étant basé sur la coordonnée géographique de I'entrée respective et le rayon étant
basé sur la précision de I'entrée respective, dans lequel une précision élevée correspond a un petit rayon et
une faible précision correspond a un grand rayon ;

la sélection, comme entrées sélectionnées, des entrées enregistrées présentant un cercle de confiance qui
comprend I'emplacement d’arrét candidat.

Procédé selon la revendication 5 ou la revendication 6, dans lequel la valeur de confiance est définie en fonction
d’un ou plusieurs éléments parmi :

un nombre d’ID de dispositifs mobiles uniques dans la pluralité d’entrées sélectionnées par rapport au nombre
total d’ID de dispositifs mobiles uniques dans la pluralité d’entrées enregistrées ;

une précision moyenne des entrées sélectionnées ; et

un nombre de jours inclus dans la pluralité d’entrées sélectionnées par rapport au nombre total de jours dans
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la pluralité d’entrées enregistrées.

Systeme de détermination d’'un emplacement d’un arrét de transport en commun pour un systéme de transport en
commun, le systéme comprenant :

un module de communication (102) servant a recevoir une pluralité d’entrées de données d’emplacement de
dispositif en provenance d’une pluralité de dispositifs informatiques mobiles (200) ;

une mémoire de données participatives (104) qui stocke les données d’emplacement de dispositif regues par
la pluralité de modules de communication ; et

un microprocesseur servant a, en réponse a un ensemble d’instructions stockées dans une mémoire :

enregistrer les données d’emplacement de dispositif stockées dans la mémoire de données participatives
(104) qui concernent 'arrét de transport en commun ; et

déterminer un emplacement de I'arrét de transport en commun (415) en réponse aux entrées enregistrées
des données d’emplacement de dispositif,

caractérisé en ce que chaque entrée de la pluralité d’entrées comprend une coordonnée géographique d’'un
dispositif informatique mobile parmi la pluralité de dispositifs informatiques mobiles au moment de I'affichage
des informations concernant I'arrét de transport en commun sur le dispositif informatique mobile.

Systeme selon la revendication 8, dans lequel I'affichage des informations relatives a I'arrét de transport en commun
comprend l'affichage d’'une page dédiée a la fourniture d’informations concernant I'arrét de transport en commun,
la page comprenant une ou plusieurs informations parmi : un emplacement de I'arrét de transport en commun ; une
liste de véhicules qui doivent s’arréter a I'arrét de transport en commun ; et les heures d’arrivée prévue pour les
véhicules.

Systeme selon la revendication 9, dans lequel les informations relatives a I'arrét de transport en commun compren-
nent des informations en temps réel comprenant 'un et/ou I'autre parmi : un emplacement en temps réel du dispositif
informatique par rapport a 'emplacement de 'arrét de transport en commun ; une liste en temps réel de véhicules
qui sont censés s’arréter a I'arrét de transport en commun ; et les heures d’arrivée estimée en temps réel pour les
véhicules.

Systeme selon I'une quelconque des revendications 8-10, dans lequel les données d’emplacement de dispositif
pour chaque dispositif mobile comprennent en outre une ou plusieurs informations parmi : un ID du dispositif mobile,
un ID de 'arrét de bus pour lequel les informations sont affichées sur le dispositif mobile ; une estampille temporelle ;
et une précision de la coordonnée géographique.

Systeme selon la revendication 11, dans lequel la détermination de 'emplacement de I'arrét de transport en commun
comprend :

le regroupement des entrées enregistrées en fonction de chaque coordonnée géographique respective d'entrée
pour identifier des groupes ; et

la détermination d’un centroide pour chacun des groupes et la désignation de chaque centroide comme em-
placement d’arrét de transport en commun candidat ;

la détermination d’'une valeur de confiance pour chaque emplacement d’arrét de transport en commun candidat,
la valeur de confiance étant définie en fonction d’'un ou plusieurs paramétres d’une pluralité d’entrées sélec-
tionnées qui ont été sélectionnées parmi la pluralité d’entrées enregistrées, qui sont censées étre situées au
méme emplacement que I'emplacement d’arrét de transport en commun candidat ;

le classement de la pluralité d’emplacements d’arréts de transport en commun candidats en fonction des valeurs
de confiance respectives pour déterminer un emplacement d’arrét de transport en commun candidat vainqueur ;
et

la désignation de I'emplacement d’arrét de transport en commun candidat vainqueur comme I'emplacement
d’arrét de transport en commun.

Systeme selon la revendication 12, dans lequel la pluralité d’entrées sélectionnées sont sélectionnées par :

la détermination, pour chacune de la pluralité d’entrées enregistrées, d’'un cercle de confiance présentant un
centre et un rayon, le centre étant basé sur la coordonnée géographique de I'entrée respective et le rayon étant
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basé sur la précision de I'entrée respective, dans lequel une précision élevée correspond a un petit rayon et
une faible précision correspond a un grand rayon ;

la sélection, comme entrées sélectionnées, des entrées enregistrées présentant un cercle de confiance qui
comprend I'emplacement d’arrét de transport en commun candidat.

14. Systéme selon la revendication 12 ou la revendication 13, dans lequel la valeur de confiance est définie en fonction
d’un ou plusieurs éléments parmi :

un nombre d’ID de dispositifs mobiles uniques dans la pluralité d’entrées sélectionnées par rapport au nombre
total d’ID de dispositifs mobiles uniques dans la pluralité d’entrées enregistrées ;

une précision moyenne des entrées sélectionnées ; et

un nombre de jours inclus dans la pluralité d’entrées sélectionnées par rapport au nombre total de jours dans
la pluralité d’entrées enregistrées.

15. Systéeme selon I'une quelconque des revendications 12-14, dans lequel 'emplacement d’arrét de transport en
commun candidat vainqueur n’est pas désigné comme I'emplacement d’arrét de transport en commun a moins que
'emplacement d’arrét candidat vainqueur ne satisfasse a un ou plusieurs critéres de seuil sélectionnés parmi les
suivants :

la valeur de confiance de 'emplacement d’arrét de transport en commun candidat vainqueur est supérieure a
la valeur de confiance de I'emplacement d’arrét de transport en commun candidat classé deuxiéme par au
moins une valeur de différence minimum prédéterminée ;

la valeur de confiance de 'emplacement d’arrét de transport en commun candidat vainqueur est supérieure a
une valeur de confiance calculée en utilisant une coordonnée géographique d’origine de I'arrét de transport en
commun comme emplacement d’arrét de transport en commun candidat par au moins une valeur de différence
minimum prédéterminée ;

une précision d’'emplacement moyenne de I'ensemble d’entrées enregistrées, incluses dans le groupe dont le
centroide a été désigné comme I'emplacement d’arrét de transport en commun candidat vainqueur, est supé-
rieure ou égale a une valeur prédéterminée ; et

une distance euclidienne entre 'emplacement d’arrét de transport en commun candidat vainqueur et un em-
placement d’arrét de transport en commun par défaut est supérieure a un seuil prédéterminé.
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