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(54) Assessing road traffic conditions using data from multiple sources

(57) Techniques are described for assessing road
traffic conditions in various ways based on obtained traf-
fic-related data, such as data samples from vehicles and
other mobile data sources traveling on the roads, as well
as in some situations data from one or more other sourc-
es (such as physical sensors near to or embedded in the
roads). The assessment of road traffic conditions based
on obtained data samples may include various filtering
and/or conditioning of the data samples, and various in-
ferences and probabilistic determinations of traffic-relat-
ed characteristics of interest from the data samples. In
some situations, the inferences include repeatedly de-
termining traffic flow characteristics for road segments
of interest during time periods of interest, such as to de-
termine average traffic speed, traffic volume and/or oc-
cupancy, and include weighting various data samples in
various ways (e.g., based on a latency of the data sam-
ples and/or a source of the data samples).
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Description

TECHNICAL FIELD

[0001] The following disclosure relates generally to techniques for assessing road traffic conditions based on data
obtained from various data sources, such as by inferring traffic-related information for roads of interest based on data
samples that reflect actual travel on those roads.

BACKGROUND

[0002] As road traffic has continued to increase at rates greater than increases in road capacity, the effects of increasing
traffic congestion have had growing deleterious effects on business and government operations and on personal well-
being. Accordingly, efforts have been made to combat the increasing traffic congestion in various ways, such as by
obtaining information about current traffic conditions and providing the information to individuals and organizations. Such
current traffic condition information may be provided to interested parties in various ways (e.g., via frequent radio broad-
casts, an Internet Web site that displays a map of a geographical area with color-coded information about current traffic
congestion on some major roads in the geographical area, information sent to cellular telephones and other portable
consumer devices, etc.).
[0003] One source for obtaining information about current traffic conditions includes observations supplied by humans
(e.g., traffic helicopters that provide general information about traffic flow and accidents, reports from drivers via cell-
phones, etc.), while another source in some larger metropolitan areas is networks of traffic sensors capable of measuring
traffic flow for various roads in the area (e.g., via sensors embedded in the road pavement). While human-supplied
observations may provide some value in limited situations, such information is typically limited to only a few areas at a
time and typically lacks sufficient detail to be of significant use.
[0004] Traffic sensor networks can provide more detailed information about traffic conditions on some roads in some
situations. However, various problems exist with respect to such information, as well as to information provided by other
similar sources. For example, many roads do not have road sensors (e.g., geographic areas that do not have networks
of road sensors and/or arterial roads that are not sufficiently large to have road sensors as part of a nearby network),
and even roads that have road sensors may often not provide accurate data, which greatly diminishes the value of the
data provided by the traffic sensors. One cause of inaccurate and/or unreliable data includes traffic sensors that are
broken, and therefore provide no data, intermittent data, or data readings that are incorrect. Another cause of inaccurate
and/or unreliable data includes temporary transmission problems in data from one or more sensors, resulting in inter-
mittent delivery, delayed delivery, or no delivery of data. In addition, many traffic sensors are not configured or designed
to report information about their operational status (e.g., whether they are functioning normally or not), and even if
operational status information is reported it may be incorrect (e.g. reporting that they are functioning normally when in
fact they are not), thus making it difficult or impossible to determine if data provided by the traffic sensors is accurate.
Furthermore, some traffic-related information may be available only in raw and/or disaggregated form, and therefore
may be of limited utility.
[0005] Thus, it would be beneficial to provide improved techniques for obtaining and assessing traffic-related infor-
mation, as well as to provide various additional related capabilities.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006]

Figure 1 is a block diagram illustrating data flow between components of an embodiment of a system for assessing
road traffic conditions based at least in part on data obtained from vehicles and other mobile data sources.
Figures 2A-2E illustrate examples of assessing road traffic conditions based at least in part on data obtained from
vehicles and other mobile data sources.
Figure 3 is a block diagram illustrating a computing system suitable for executing an embodiment of the described
Data Sample Manager system.
Figure 4 is a flow diagram of an example embodiment of a Data Sample Filterer routine.
Figure 5 is a flow diagram of an example embodiment of a Data Sample Outlier Eliminator routine.
Figure 6 is a flow diagram of an example embodiment of a Data Sample Speed Assessor routine.
Figure 7 is a flow diagram of an example embodiment of Data Sample Flow Assessor routine.
Figure 8 is a flow diagram of an example embodiment of a Mobile Data Source Information Provision routine.
Figures 9A-9C illustrate examples of actions of mobile data sources in obtaining and providing information about
road traffic conditions.
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Figures 10A-10B illustrate examples of rectifying data samples obtained from road traffic sensors.
Figure 11 is a flow diagram of an example embodiment of a Sensor Data Reading Error Detector routine.
Figure 12 is a flow diagram of an example embodiment of a Sensor Data Reading Error Corrector routine.
Figure 13 is a flow diagram of an example embodiment of a Sensor Data Reading Aggregator routine.
Figure 14 is a flow diagram of an example embodiment of a Traffic Flow Estimator routine.

DETAILED DESCRIPTION

[0007] Techniques are described for assessing road traffic conditions in various ways based on obtained traffic-related
data, such as data samples from vehicles and other mobile data sources traveling on the roads and/or from road traffic
sensors (e.g., physical sensors that are embedded in or otherwise near to the roads). In addition, in at least some
embodiments the data samples from the mobile data sources may be supplemented with data from one or more other
sources, such as by obtaining data readings from physical sensors that are near or embedded in the roads. The as-
sessment of road traffic conditions based on obtained data samples (e.g., data readings from road traffic sensors,
individual or aggregated data points from mobile data sources, etc.) may include various filtering and/or conditioning of
the data samples and readings, and various inferences and probabilistic determinations of traffic-related characteristics
of interest.
[0008] As noted, in some embodiments obtained road traffic condition information data may include multiple data
samples provided by mobile data sources (e.g., vehicles), data readings from road-based traffic sensors (e.g., loop
sensors embedded in road pavement), and data from other data sources. The data may be analyzed in various manners
to facilitate determination of traffic condition characteristics of interest, such as estimated average traffic speed and
estimated total volume of vehicles for particular portions of roads of interest, and to enable such traffic condition deter-
minations to be performed in a realtime or near-realtime manner (e.g., within a few minutes of receiving the underlying
data samples and/or readings). For example, obtained data may be conditioned in various ways in order to detect and/or
correct errors in the data. Obtained road traffic condition information data may further be filtered in various ways in
various embodiments in order to remove data from consideration if it is inaccurate or otherwise unrepresentative of
actual traffic condition characteristics of interest, including by identifying data samples that are not of interest based at
least in part on roads with which the data samples are associated and/or data samples that are statistical outliers with
respect to other data samples - in some embodiments, the filtering may further include performing the associating of the
data samples with particular roads. The filtered data samples may further include data samples that otherwise reflect
vehicle locations or activities that are not of interest (e.g., parked vehicles, vehicles circling in a parking lot or structure,
etc.) and/or data samples that are otherwise unrepresentative of actual vehicle travel on roads of interest. Assessing
obtained data may in at least some embodiments include determining traffic conditions (e.g., traffic flow and/or average
traffic speed) for various portions of a road network in a particular geographic area, based at least in part on obtained
data samples. The assessed data may then be utilized in order to perform other functions related to analyzing, predicting,
forecasting, and/or providing traffic-related information. In at least some embodiments, a data sample manager system
uses at least some of the described techniques to prepare data for use by traffic data clients, such as a predictive traffic
information provider system that generates multiple predictions of traffic conditions at multiple future times, as described
in greater detail below.
[0009] In some embodiments, the conditioning of obtained data samples may include rectifying erroneous data sam-
ples, such as by detecting and/or correcting errors present in the data in various ways (e.g., for data readings received
from road traffic sensors). In particular, techniques are described for assessing the "health" of particular data sources
(e.g., road-based traffic sensors) in order to determine whether the data sources are operating correctly and reliably
providing accurate data samples, such as based on analysis of the data samples provided by those data sources. For
example, in some embodiments, current data readings provided by a given traffic sensor may be compared to past data
readings provided by that traffic sensor (e.g., historical average data) in order to determine whether the current traffic
data readings are significantly different than typical past data readings, such as may be caused by the traffic sensor
operating incorrectly and/or other problems in the data, and/or may instead reflect unusual current traffic conditions.
Such detection and analysis of possible errors with particular data sources and/or in current traffic data readings may
be performed in various ways in various embodiments, as discussed in greater detail below, including based at least in
part on classification techniques such as by using neural networks, Bayesian classifiers, decision trees, etc.
[0010] After detecting unreliable data samples, such as from broken data sources that are operating incorrectly, such
unreliable data samples (as well as missing data samples) may be corrected or otherwise rectified in various ways. For
example, missing and unreliable data samples for one or more data sources (e.g., traffic sensors) may be rectified in
some embodiments by using one or more other sources of related information, such as via contemporaneous data
samples from nearby or otherwise related traffic sensors that are operating correctly (e.g., by averaging data readings
provided by adjacent traffic sensors), via predictive information related to the missing and unreliable data samples (e.g.,
by determining expected data readings for the one or more data sources using predicted and/or forecast traffic condition
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information for those data sources), via historical information for the one or more data sources (e.g., by utilizing historical
average data readings), via adjustments to incorrect data samples using information about consistent bias or other types
of errors causing errors that can be compensated for, etc. Additional details related to rectifying missing and unreliable
data samples are included below.
[0011] In addition, techniques are described for further estimating traffic condition information in various other ways,
such as in cases where currently available data may not allow rectification of data samples for a particular data source
(e.g., a particular traffic sensor) to be reliably performed. For example, the presence of multiple nearby unhealthy traffic
sensors that are operating incorrectly may result in there being insufficient data to assess traffic flow information with
sufficient confidence for individual ones of those traffic sensors. In such cases, traffic condition information may be
estimated in various other ways, including based on groups of related traffic sensors and/or other information related to
the structure of a road network. For example, as described in greater detail below, each road of interest may be modeled
or represented by the use of multiple road segments, each of which may have multiple associated traffic sensors and/or
available data from one or more other data sources (e.g., mobile data sources). If so, road traffic condition information
may be estimated for a particular road segment (or other group of multiple related traffic sensors) in various ways, such
as by using traffic condition information assessed for neighboring road segments, predicted information for the particular
road segment (e.g., that is generated for a limited future time period, such as three hours, based at least in part on
current and recent conditions at a time of the predicting), forecast information for the particular road segment (e.g., that
is generated for a longer future time period, such as two weeks or longer, in a manner that does not use some or all of
the current and recent condition information used for predicting), historical average conditions for the particular road
segment, etc. By utilizing such techniques, traffic condition information may be provided even in the presence of little
or no current traffic condition data for one or more nearby traffic sensors or other data sources. Additional details related
to such traffic condition information estimation are included below.
[0012] As previously noted, information about road traffic conditions may be obtained from mobile data sources in
various manners in various embodiments. In at least some embodiments, the mobile data sources include vehicles on
the road, which may each include one or more computing systems that provide data about movement of the vehicle.
For example, each vehicle may include a GPS ("Global Positioning System") device and/or other geo-location device
capable of determining the geographic location, speed, direction, and/or other data that characterizes or is otherwise
related to the vehicle’s travel, and one or more devices on the vehicle (whether the geo-location device(s) or a distinct
communication device) may from time to time provide such data (e.g., by way of a wireless link) to one or more systems
able to use the data (e.g., a data sample manager system, as described in more detail below). Such vehicles may
include, for example, a distributed network of vehicles operated by individual unrelated users, fleets of vehicles (e.g.,
for delivery companies, taxi and bus companies, transportation companies, governmental bodies or agencies, vehicles
of a vehicle rental service, etc.), vehicles that belong to commercial networks providing related information (e.g., the
OnStar service), a group of vehicles operated in order to obtain such traffic condition information (e.g., by traveling over
predefined routes, or by traveling over roads as dynamically directed, such as to obtain information about roads of
interest), vehicles with on-board cellphone devices (e.g., as built-in equipment and/or in the possession of a vehicle
occupant) capable of providing location information (e.g., based on GPS capabilities of the devices and/or based on
geo-location capabilities provided by the cellular network), etc.
[0013] In at least some embodiments, the mobile data sources may include or be based on computing devices and
other mobile devices of users who are traveling on the roads, such as users who are operators and/or passengers of
vehicles on the roads. Such user devices may include devices with GPS capabilities (e.g., cellphones and other handheld
devices), or location and/or movement information may instead be produced in other manners in other embodiments.
For example, devices in vehicles and/or user devices may communicate with external systems that can detect and track
information about devices (e.g., for devices passing by each of multiple transmitters/receivers in a network operated by
the system), thus allowing location and/or movement information for the devices to be determined in various manners
and with various levels of detail, or such external systems may otherwise be able to detect and track information about
vehicles and/or users without interacting with devices (e.g., camera systems that can observe and identify license plates
and/or users’ faces). Such external systems may include, for example, cellular telephone towers and networks, other
wireless networks (e.g., a network of Wi-Fi hotspots), detectors of vehicle transponders using various communication
techniques (e.g., RFID, or "Radio Frequency Identification"), other detectors of vehicles and/or users (e.g., using infrared,
sonar, radar or laser ranging devices to determine location and/or speed of vehicles), etc.
[0014] The road traffic condition information obtained from the mobile data sources may be used in various ways,
whether alone or in combination with other road traffic condition information from one or more other sources (e.g., from
road traffic sensors). In some embodiments, such road traffic condition information obtained from mobile data sources
is used to provide information similar to that from road sensors but for roads that do not have functioning road sensors
(e.g., for roads that lack sensors, such as for geographic areas that do not have networks of road sensors and/or for
arterial roads that are not significantly large to have road sensors, for road sensors that are broken, etc.), to verify
duplicative information that is received from road sensors or other sources, to identify road sensors that are providing
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inaccurate data (e.g., due to temporary or ongoing problems), etc. Moreover, road traffic conditions may be measured
and represented in one or more of a variety of ways, whether based on data samples from mobile data sources and/or
from traffic sensor data readings, such as in absolute terms (e.g., average speed; volume of traffic for an indicated period
of time; average occupancy time of one or more traffic sensors or other locations on a road, such as to indicate the
average percentage of time that a vehicle is over or otherwise activating a sensor; one of multiple enumerated levels of
road congestion, such as measured based on one or more other traffic condition measures; etc.) and/or in relative terms
(e.g., to represent a difference from typical or from maximum).
[0015] In some embodiments, some road traffic condition information may take the form of data samples provided by
various data sources, such as data sources associated with vehicles to report travel characteristics of the vehicles.
Individual data samples may include varying amounts of information. For example, data samples provided by mobile
data sources may include one or more of a source identifier, a speed indication, an indication of a heading or direction,
an indication of a location, a timestamp, and a status identifier. The source identifier may be a number or string that
identifies the vehicle (or person or other device) acting as a mobile data source. In some embodiments, the mobile data
source identifier may be permanently or temporarily (e.g., for the life of the mobile data source; for one hour; for a current
session of use, such as to assign a new identifier each time that a vehicle or data source device is turned on; etc.)
associated with the mobile data source. In at least some embodiments, source identifiers are associated with mobile
data sources in such a manner as to minimize privacy concerns related to the data from the mobile data sources (whether
permanently or temporarily associated), such as by creating and/or manipulating the source identifiers in a manner that
prevents the mobile data source associated with an identifier from being identified based on the identifier. The speed
indication may reflect the instant or average velocity of the mobile data source expressed in various ways (e.g., miles
per hour). The heading may reflect a direction of travel and be an angle expressed in degrees or other measure (e.g.,
in compass-based headings or radians). The indication of location may reflect a physical location expressed in various
ways (e.g., latitude/longitude pairs or Universal Transverse Mercator coordinates). The timestamp may denote the time
at which a given data sample was recorded by the mobile data source, such as in local time or UTC ("Universal Coordinated
Time") time. A status indicator may indicate the status of the mobile data source (e.g., that the vehicle is moving, stopped,
stopped with engine running, etc.) and/or the status of at least some of the sensing, recording, and/or transmitting devices
(e.g., low battery, poor signal strength, etc.).
[0016] In some embodiments, the network of roads in a given geographic region may be modeled or represented by
the use of multiple road segments. Each road segment may be used to represent a portion of a road (or of multiple
roads), such as by dividing a given physical road into multiple road segments (e.g., with each road segment being a
particular length, such as a one-mile length of the road, or with road segments being selected to reflect portions of the
road that share similar traffic condition characteristics) - such multiple road segments may be successive portions of the
road, or may alternatively in some embodiments be overlapping or have intervening road portions that are not part of
any road segments. In addition, a road segment may represent one or more lanes of travel on a given physical road.
Accordingly, a particular multi-lane road that has one or more lanes for travel in each of two directions may be associated
with at least two road segments, with at least one road segment associated with travel in one direction and with at least
one other road segment associated with travel in the other direction. In addition, multiple lanes of a single road for travel
in a single direction may be represented by multiple road segments in some situations, such as if the lanes have differing
travel condition characteristics. For example, a given freeway system may have express or high occupancy vehicle
("HOV") lanes that may be beneficial to represent by way of road segments distinct from road segments representing
the regular (e.g., non-HOV) lanes traveling in the same direction as the express or HOV lanes. Road segments may
further be connected to or otherwise associated with other adjacent road segments, thereby forming a network of road
segments.
[0017] Figure 1 is a block diagram illustrating data flow between components of an embodiment of a Data Sample
Manager system. The illustrated data flow diagram is intended to reflect a logical representation of data flow between
data sources, components of an embodiment of a Data Sample Manager system, and traffic data clients. That is, actual
data flow may occur via a variety of mechanisms including direct flows (e.g., implemented by parameter passing or
network communications such as messages) and/or indirect flows via one or more database systems or other storage
mechanisms, such as file systems. The illustrated Data Sample Manager system 100 includes a Data Sample Filterer
component 104, a Sensor Data Conditioner component 105, a Data Sample Outlier Eliminator component 106, a Data
Sample Speed Assessor component 107, and a Data Sample Flow Assessor component 108, and an optional Sensor
Data Aggregator component 110.
[0018] In the illustrated embodiment, the components 104-108 and 110 of the Data Sample Manager system 100
obtain data samples from various data sources, including vehicle-based data sources 101, road traffic sensors 103, and
other data sources 102. Vehicle-based data sources 101 may include multiple vehicles traveling on one or more roads,
which may each include one or more computing systems and/or other devices that provide data about the travel of the
vehicle. As described in more detail elsewhere, each vehicle may include GPS and/or other geo-location devices capable
of determining location, speed, and/or other data related to the vehicle’s travel. Such data may be obtained by the
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components of the described Data Sample Manager system by wireless data links (e.g., satellite uplink and/or cellular
network) or in other manners (e.g., via a physical wired/cabled connection that is made after a vehicle arrives at the
location with the physical location, such as when a fleet vehicle returns to its home base). Road traffic sensors 102 may
include multiple sensors that are installed in, at, or near various streets, highways, or other roads, such as loop sensors
embedded in the pavement that are capable of measuring the number of vehicles passing above the sensor per unit
time, vehicle speed, and/or other data related to traffic flow. Data may similarly be obtained from the road traffic sensors
102 via wire-based or wireless-based data links. Other data sources 103 may include a variety of other types of data
sources, including map services and/or databases that provide information regarding road networks such as the con-
nections between roads as well as traffic control information related to such roads (e.g., the existence and/or location
of traffic control signals and/or speed zones).
[0019] Although the illustrated data sources 101-103 in this example provide data samples directly to various compo-
nents 104-108 and 110 of the Data Sample Manager system 100, the data samples may instead be processed in various
ways in other embodiments prior to their provision to those components. Such processing may include organizing and/or
aggregating data samples into logical collections based on time, location, geographic region, and/or the identity of the
individual data source (e.g., vehicle, traffic sensor, etc.). In addition, such processing may include merging or otherwise
combining data samples into higher-order, logical data samples or other values. For example, data samples obtained
from multiple geographically co-located road traffic sensors may be merged into a single, logical data sample by way of
averaging or other aggregation. Furthermore, such processing may include deriving or otherwise synthesizing data
samples or elements of data samples based on one or more obtained data samples. For example, in some embodiments,
at least some vehicle-based data sources may each provide data samples that include only a source identifier and a
geographic location, and if so groups of multiple distinct data samples provided periodically over a particular time interval
or other time period can thereby be associated with one another as having been provided by a particular vehicle. Such
groups of data samples may then be further processed in order to determine other travel-related information, such as
a heading for each data sample (e.g. by calculating the angle between the position of a data sample and the position
of a prior and/or subsequent data sample) and/or a speed for each data sample (e.g., by calculating the distance between
the position of a data sample and the position of a prior and/or subsequent data sample, and by dividing the distance
by the corresponding time).
[0020] The Data Sample Filterer component 104 obtains data samples from the vehicle-based data sources 101 and
the other data sources 102 in the illustrated embodiment, and then filters the obtained data samples before providing
them to the Data Sample Outlier Eliminator component 106 and optionally to the Data Sample Flow Assessor component
108. As discussed in greater detail elsewhere, such filtering may include associating data samples with road segments
corresponding to roads in a geographic area and/or identifying data samples that do not correspond to road segments
of interest or that otherwise reflect vehicle locations or activities that are not of interest. Associating data samples with
road segments may include using the reported location and/or heading of each data sample to determine whether the
location and heading correspond to a previously defined road segment. Identifying data samples that do not correspond
to road segments of interest may include removing or otherwise identifying such data samples so that they will not be
modeled, considered, or otherwise processed by other components of the Data Sample Manager system 100 - such
data samples to be removed may include those corresponding to roads of certain functional road classes (e.g., residential
streets) that are not of interest, those corresponding to particular roads or road segments that are not of interest, those
corresponding to portions or sections of roads that are not of interest (e.g., ramps and collector/distributor lanes/roads
for freeways), etc. Identifying data samples that otherwise reflect vehicle locations or activities that are not of interest
may include identifying data samples corresponding to vehicles that are in an idle state (e.g., parked with engine running),
that are driving in a parking structure (e.g., circling at a very low speed), etc. In addition, filtering may in some embodiments
include identifying road segments that are (or are not) of interest for presentation or further analysis. For example, such
filtering may include analyzing variability of traffic flow and/or level of congestion of various road segments within a
particular time period (e.g., hour, day, week), such as to exclude some or all road segments with low intra-time period
variability and/or low congestion (e.g., for road segments for which sensor data readings are not available or whose
functional road class otherwise indicates a smaller or less-traveled road) from further analysis as being of less interest
than other roads and road segments.
[0021] The Sensor Data Conditioner component 105 assists in rectifying erroneous data samples, such as by detecting
and correcting errors in readings obtained from the road traffic sensors 103. In some embodiments, data samples that
are detected by the Sensor Data Conditioner component as being unreliable are not forwarded on to other components
for use (or indications of the unreliability of particular data samples are provided so that the other components can handle
those data samples accordingly), such as to the Data Sample Outlier Eliminator component 106. If so, the Data Sample
Outlier Eliminator component may then determine whether sufficient reliable data samples are available, and initiate
corrective action if not. Alternatively, in some embodiments and circumstances, the Sensor Data Conditioner component
may further perform at least some corrections to the data samples, as discussed in greater detail below, and then provide
the corrected data to the Sensor Data Aggregator component 110 (and optionally to other components such as the Data
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Sample Outlier Eliminator component and/or the Data Sample Flow Assessor component). Detecting erroneous data
samples may use various techniques, including statistical measures that compare the distribution of current data samples
reported by a given road traffic sensor to the historical distribution of data samples reported by that road traffic sensor
during a corresponding time period (e.g., same day-of-week and time-of-day). The extent to which the actual and historical
distributions differ may be calculated by statistical measures, such as the Kullback-Leibler divergence, which provides
a convex measure of the similarity between two probability distributions, and/or by statistical information entropy. In
addition, some road sensors may report indications of sensor health, and such indications may also be utilized to detect
errors in obtained data samples. If errors are detected in obtained data samples, erroneous data samples may be rectified
in various ways, including by replacing such data samples with averages of adjacent (e.g., neighbor) data samples from
adjacent/neighbor road sensors that have not been determined to be erroneous. In addition, erroneous data samples
may be rectified by instead using previously or concurrently forecasted and/or predicted values, such as may be provided
by a predictive traffic information system. Additional details regarding predictive traffic information systems are provided
elsewhere.
[0022] The Data Sample Outlier Eliminator component 106 obtains filtered data samples from the Data Sample Filterer
component 104 and/or conditioned or otherwise rectified data samples from the Sensor Data Conditioner component
105, and then identifies and eliminates from consideration those data samples that are not representative of actual
vehicle travel on the roads and road segments of interest. In the illustrated embodiment, for each road segment of
interest, the component analyzes a group of data samples that were recorded during a particular time period and
associated with the road segment (e.g., by the Data Sample Filterer component 104) in order to determine which, if any,
should be eliminated. Such determinations of unrepresentative data samples may be performed in various ways, including
based on techniques that detect data samples that are statistical outliers with respect to the other data samples in the
group of data samples. Additional details regarding data sample outlier elimination are provided elsewhere.
[0023] The Data Sample Speed Assessor component 107 obtains data samples from the Data Sample Outlier Elim-
inator component 106, such that the obtained data samples in the illustrated embodiment are representative of actual
vehicle travel on the roads and road segments of interest. The Data Sample Speed Assessor component 107 then
analyzes the obtained data samples to assess one or more speeds for road segments of interest for at least one time
period of interest based on a group of the data samples that have been associated with the road segment (e.g., by the
Data Sample Filterer component 104, or by readings from traffic sensors that are part of the road segment) and the time
period. In some embodiments, the assessed speed(s) may include an average of the speeds for multiple of the data
samples of the group, possibly weighted by one or more attributes of the data samples (e.g., age, such as to give greater
weight to newer data samples, and/or source or type of the data samples, such as to vary the weight for data samples
from mobile data sources or from road sensors so as to give greater weight to sources with higher expected reliability
or availability) or by other factors. More details regarding speed assessment from data samples are provided elsewhere.
[0024] The Data Sample Flow Assessor component 108 assesses traffic flow information for road segments of interest
for at least one time period of interest, such as to assess traffic volume (e.g., expressed as a total or average number
of vehicles arriving at or traversing a road segment over a particular amount of time, such as per minute or hour), to
assess traffic density (e.g., expressed as an average or total number of vehicles per unit of distance, such as per mile
or kilometer), to assess traffic occupancy (e.g., expressed as an average or total amount of time that vehicles occupy
a particular point or region over a particular amount of time, such as per minute or hour), etc. The assessment of the
traffic flow information in the illustrated embodiment is based at least in part on traffic speed-related information provided
by the Data Sample Speed Assessor component 107 and the Data Sample Outlier Eliminator component 106, and
optionally on traffic data sample information provided by the Sensor Data Conditioner component 105 and the Data
Sample Filterer component 104. Additional details regarding data sample flow assessment are provided elsewhere.
[0025] If present, the Sensor Data Aggregator component 110 aggregates sensor-based traffic condition information
provided by the Sensor Data Conditioner component 105, such as after the Sensor Data Conditioner component has
removed any unreliable data samples and/or has rectified any missing and/or unreliable data samples. Alternatively, in
other embodiments the Sensor Data Aggregator component may instead perform any such removal and/or correction
of missing and/or unreliable data samples. In some cases, the Sensor Data Aggregator component 110 may provide
traffic flow information for each of various road segments by aggregating (e.g., averaging) information provided by the
multiple individual traffic sensors associated with each of those road segments. As such, when present, the Sensor Data
Aggregator component 110 may provide information that is complementary to assessed traffic condition information
provided by components such as the Data Sample Speed Assessor component 107 and/or the Data Sample Flow
Assessor component 108, or may instead be used if data samples from mobile data sources are not available at all or
in sufficient quantity of reliable data samples to allow other components such as the Data Sample Speed Assessor
component 107 and Data Sample Flow Assessor component 108 to provide accurate assessed road traffic condition
information.
[0026] The one or more traffic data clients 109 in the illustrated embodiment obtain assessed road traffic condition
information (e.g., speed and/or flow data) provided by the Data Sample Speed Assessor component 107 and/or the
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Data Sample Flow Assessor component 108, and may utilize such data in various ways. For example, traffic data clients
109 may include other components and/or traffic information systems operated by the operator of the Data Sample
Manager system 100, such as a predictive traffic information provider system that utilizes traffic condition information
in order to generate predictions of future traffic conditions at multiple future times, and/or a realtime (or near-realtime)
traffic information presentation or provider system that provides realtime (or near-realtime) traffic condition information
to end-users and/or third-party clients. In addition, traffic data clients 109 may include computing systems operated by
third parties in order to provide traffic information services to their customers. In addition, the one or more traffic data
clients 109 may optionally in some circumstances (e.g., in instances when insufficient data is available for the Data
Sample Speed Assessor component and/or Data Sample Flow Assessor component to perform accurate assessments,
and/or if no data is available from vehicle-based or other data sources) obtain road traffic condition information provided
by the Sensor Data Aggregator component 110, whether instead of or in addition to data from the Data Sample Speed
Assessor component and/or Data Sample Flow Assessor component.
[0027] For illustrative purposes, some embodiments are described below in which specific types of road traffic con-
ditions are assessed in specific ways, and in which such assessed traffic information is used in various specific ways.
However, it will be understood that such road traffic condition assessments may be generated in other manners and
using other types of input data in other embodiments, that the described techniques can be used in a wide variety of
other situations, and that the invention is thus not limited to the exemplary details provided.
[0028] Figures 2A-2E illustrate examples of assessing road traffic conditions based on data obtained from vehicles
and other mobile data sources, such as may be performed by an embodiment of the described Data Sample Manager
system. In particular, Figure 2A illustrates an example of data sample filtering for an example area 200 with several
roads 201, 202, 203, and 204, and with a legend indication 209 indicating the direction of north. In this example, road
202 is a divided, limited access road such as a freeway or toll road, with two distinct groups of lanes 202a and 202b for
vehicle travel in the west and east directions, respectively. Lane group 202a includes an HOV lane 202a2 and multiple
other regular lanes 202a1, and lane group 202b similarly includes an HOV lane 202b2 and multiple other regular lanes
202b1. Road 201 is an arterial road with two lanes 201 a and 201 b for vehicle travel in the south and north directions,
respectively. Road 201 passes over road 202 (e.g., via an overpass or bridge), and road 204 is an on-ramp that connects
the northbound lane 201 b of road 201 to the eastbound lane group 202b of road 202. Road 203 is a local frontage road
adjoining road 202.
[0029] The roads depicted in Figure 2A may be represented in various ways for use by the described Data Sample
Manager system. For example, one or more road segments may be associated with each physical road, such as to have
northbound and southbound road segments associated with the northbound lane 201 b and southbound lane 201b,
respectively. Similarly, at least one westbound road segment and at least one eastbound road segment may be associated
with the westbound lane group 202a and the eastbound lane group 202b of road 202, respectively. For example, the
portion of the eastbound lane group 202b east of road 201 may be a separate road segment from the portion of the
eastbound lane group 202b west of road 201, such as based on the road traffic conditions typically or often varying
between the road portions (e.g., due to a typically significant influx of vehicles to lane group 202b east of road 201 from
the on-ramp 204, such as that may typically cause greater congestion in lane group 202b to the east of road 201). In
addition, one or more lane groups may be decomposed into multiple road segments, such as if different lanes typically
or often have differing road traffic condition characteristics (e.g., to represent any given portion of lane group 202b as
a first road segment corresponding to lanes 202b1 based on those lanes sharing similar traffic condition characteristics,
and as a second road segment corresponding to HOV lane 202b2 due to its differing traffic condition characteristics) -
in other such situations, only a single road segment may be used for such a lane group, but some data samples (e.g.,
those corresponding to HOV lane 202b2) may be excluded from use (such as by a Data Sample Filterer component
and/or a Data Sample Outlier Eliminator component) when assessing road traffic conditions for the lane group. Alterna-
tively, some embodiments may represent multiple lanes of a given road as a single road segment, even if the lanes are
used for travel in opposite directions, such as if the road traffic conditions are typically similar in both directions - for
example, frontage road 205a may have two opposing lanes of travel, but may be represented by a single road segment.
Road segments may be determined at least in part in a variety of other ways in at least some embodiments, such as to
be associated with geographic information (e.g., physical dimensions and/or heading(s)) and/or traffic-related information
(e.g., speed limits).
[0030] Figure 2A further depicts multiple data samples 205a-k reported by multiple mobile data sources (e.g., vehicles,
not shown) traveling in the area 200 during a particular time interval or other time period (e.g. 1 minute, 5 minutes, 10
minutes, 15 minutes, etc.). Each of the data samples 205a-k is depicted as an arrow that indicates a heading for the
data sample, as reported by one of the multiple mobile data sources. The data samples 205a-k are superimposed upon
the area 200 in such a manner as to reflect locations reported for each of the data samples (e.g., expressed in units of
latitude and longitude, such as based on GPS readings), which may differ from the actual locations of the vehicle when
that data sample was recorded (e.g., due to an inaccurate or erroneous reading, or due to a degree of variability that is
inherent for the location sensing mechanism used). For example, data sample 205g shows a location that is slightly
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north of the road 202b, which may reflect a vehicle that was pulled over off the north side of lane 202b2 (e.g., because
of a mechanical malfunction), or it instead may reflect an inaccurate location for a vehicle that was in fact traveling in
the eastbound direction in lane 202b2 or other lane. In addition, a single mobile data source may be the source of more
than one of the illustrated data samples, such as if both sample 205i and sample 205h were reported by a single vehicle
based on its travel eastbound along road 202 during the time period (e.g., via a single transmission containing multiple
data samples for multiple prior time points, such as to report data samples every 5 minutes or every 15 minutes). More
details regarding storing and providing multiple acquired data samples are included below.
[0031] The described Data Sample Manager system may in some embodiments, filter the obtained data samples,
such as to map data samples to predefined road segments and/or identify data samples that do not correspond to such
road segments of interest. In some embodiments, a data sample will be associated with a road segment if its reported
location is within a predetermined distance (e.g., 5 meters) of the location of a road and/or lane(s) corresponding to the
road segment and if its heading is within a predetermined angle (e.g., plus or minus 15 degrees) of the heading of the
road and/or lanes(s) corresponding to the road segment. Road segments in the illustrated embodiment are associated
with sufficient location-based information (e.g., heading of the road segment, physical bounds of the road segment, etc.)
to make such a determination, although in other embodiments the association of data samples to road segments may
be performed before the data samples are made available to the Data Sample Manager system.
[0032] As an illustrative example, data sample 205a may be associated with a road segment corresponding to road
203, because its reported location falls within the bounds of road 203 and its heading is the same (or nearly the same)
as at least one of the headings associated with road 203. In some embodiments, when a single road segment is utilized
to represent multiple lanes some of which are traveling in opposite directions, the heading of a data sample may be
compared to both headings of the road segment in order to determine whether the data sample may be associated with
the road segment. For example, data sample 205k has a heading approximately opposite that of data sample 205a, but
it may also be associated with the road segment corresponding to road 203, if that road segment is utilized to represent
the two opposing lanes of road 203.
[0033] However, due to the proximity of road 203 and lane group 202a, it may also be possible that data sample 205k
reflects a vehicle traveling in lane group 202a, such as if the reported location of data sample 205k is within a margin
of error for locations of vehicles traveling in one or more of the lanes of lane group 202a, since the heading of data
sample 205k is the same (or nearly the same) as the heading of lane group 202a. In some embodiments, such cases
of multiple possible road segments for a data sample may be disambiguated based on other information associated with
the data sample - for example, in this case, an analysis of the reported speed of data sample 205k may be used to assist
in the disambiguation, such as if lane group 202a corresponds to a freeway with a 65mph speed limit, road 203 is a local
frontage road with a 30mph speed limit, and a reported speed of the data sample is 75mph (resulting in an association
with the freeway lane(s) being much more likely than an association with the local frontage road). More generally, if the
reported speed of data sample 205k is more similar to the observed or posted speed for road 203 than to the observed
or posted speed for lane group 202a, such information may be used as part of determining to associate the data sample
with road 203 and not lane group 202a. Alternatively, if the reported speed of data sample 205k is more similar to the
observed or posted speed for lane group 202a than to the observed or posted speed for road 203, it may be associated
with lane group 202a and not road 203. Other types of information may similarly be used as part of such disambiguation
(e.g., location; heading; status; information about other related data samples, such as other recent data samples from
the same mobile data source; etc.), such as part of a weighted analysis to reflect a degree of match for each type of
information for a data sample to a candidate road segment.
[0034] For example, with respect to associating data sample 205b to an appropriate road segment, its reported location
occurs at an overlap between lane 201 b and lane group 202a, and is near lane 201 a as well as other roads. However,
the reported heading of the data sample (approximately northbound) matches the heading of lane 201 b (northbound)
much more closely than that of other candidate lanes/roads, and thus it will likely be associated with the road segment
corresponding to lane 201 b in this example. Similarly, data sample 205c includes a reported location that may match
multiple roads/lanes (e.g., lane 201 a, lane 201 b, and lane group 202a), but its heading (approximately westbound)
may be used to select a road segment for lane group 202a as the most appropriate road segment for the data sample.
[0035] Continuing with this example, data sample 205d may not be associated with any road segment, because its
heading (approximately eastbound) is in the opposite direction as that of lane group 202a (westbound) whose position
corresponds to the data sample’s reported location. If there are no other appropriate candidate road segments that are
near enough (e.g., within a predetermined distance) to the reported location of data sample 205d, such as if lane group
202b with a similar heading is too far way, this data sample may be excluded during filtering from subsequent use in
analysis of the data samples.
[0036] Data sample 205e may be associated with a road segment corresponding to lane group 202a, such as a road
segment corresponding to HOV lane 202a2, since its reported location and heading correspond to the location and
heading of that lane, such as if a location-based technique used for the location of the data sample has sufficient resolution
to differentiate between lanes (e.g., differential GPS, infrared, sonar, or radar ranging devices). Data samples may also
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be associated with a particular lane of a multi-lane road based on factors other than location-based information, such
as if the lanes have differing traffic condition characteristics. For example, in some embodiments the reported speed of
a data sample may be used to fit or match the data sample to a particular lane by modeling an expected distribution
(e.g., a normal or Gaussian distribution) of observed speeds (or other measures of traffic flow) of data samples for each
such candidate lane and determining a best fit for the data sample to the expected distributions. For example, data
sample 205e may be associated with the road segment corresponding to HOV lane 202a2 because the reported speed
of that data sample is closer to an observed, inferred or historical average speed of vehicles traveling in HOV lane 202a2
than to an observed, inferred or historical average speed for vehicles traveling in regular lanes 202a1, such as by
determining an observed or inferred average speed based on other data samples (e.g., using data readings provided
by one or more road traffic sensors) and/or analysis of other related current data.
[0037] In a similar manner, data samples 205f, 205h, 205i, and 205j may be associated with the road segments
corresponding to lane 201a, lanes 202b1, lanes 202b1, and ramp 204, respectively, because their reported locations
and headings correspond to the locations and headings of those roads or lanes.
[0038] Data sample 205g may be associated with a road segment corresponding to lane group 202b (e.g., a road
segment for HOV lane 202b2) even though its reported location is outside of the bounds of the illustrated road, because
the reported location may be within the predetermined distance (e.g., 5 meters) of the road. Alternatively, data, sample
205g may not be associated with any road segment if its reported location is sufficiently far from the road. In some
embodiments, different predetermined distances may be used for data samples provided by different data sources, such
as to reflect a known or expected level of accuracy of the data source. For example, data samples provided by mobile
data sources that utilize uncorrected GPS signals may use a relatively high (e.g., 30 meters) predetermined distance,
whereas data samples provided by mobile data sources utilizing differential-corrected GPS devices may be compared
using a relatively low (e.g., 1 meter) predetermined distance.
[0039] In addition, data sample filtering may include identifying data samples that do not correspond to road segments
of interest and/or are unrepresentative of actual vehicle travel on the roads. For instance, some data samples may be
removed from consideration because they have been associated with roads that are not being considered by the Data
Sample Manager system. For example, in some embodiments, data samples associated with roads of lesser functional
road classes (e.g., residential streets and/or arterials) may be filtered. Referring back to Figure 2A, for example, data
samples 205a and/or 205k may be filtered because road 203 is a local frontage road that is of a sufficiently low functional
classification to not be considered by the Data Sample Manager system, or data sample 205j may be filtered because
the on-ramp is too short to be of interest separate from the freeway. Filtering may further be based on other factors,
such as inferred or reported activity of mobile data sources relative to the inferred or reported activity of other mobile
data sources on one or more road segments. For example, a series of data samples associated with a road segment
and provided by a single mobile data source that all indicate the same location likely indicates that the mobile data
source has stopped. If all other data samples associated with the same road segment indicate moving mobile data
sources, the data samples corresponding to the stopped mobile data source may be filtered out as being unrepresentative
of actual vehicle travel on the road segment, such as due to the mobile data source being a parked vehicle. Furthermore,
in some embodiments, data samples may include reported indications of the driving status of the vehicle (e.g., that the
vehicle transmission is in "park" with the engine running, such as a vehicle stopped to make a delivery), and if so such
indications may similarly be used to filter such data samples as being unrepresentative of actual traveling vehicles.
[0040] Figure 2B illustrates a graphical view of multiple data samples associated with a single road segment obtained
from multiple data sources during a particular time interval or other time period, with the data samples plotted on a graph
210 with time measured on the x-axis 210b and speed measured on the y-axis 210a. In this example, the illustrated
data samples have been obtained from multiple mobile data sources as well as one or more road traffic sensors associated
with the road segment, and are shown with differing shapes as illustrated in the displayed legend (i.e., with darkened
diamonds (" ♦ ") for data samples obtained from road traffic sensors, and with open squares ("K ") for data samples
obtained from mobile data sources). The illustrated data samples from mobile data sources may have been associated
with the road segment as described with reference to Figure 2A.
[0041] Exemplary data samples include road traffic sensor data samples 211 a-c and mobile data source data samples
212a-d. The reported speed and recording time of a given data sample may be determined by its position on the graph.
For example, mobile data source data sample 212d has a reported speed of 15 miles per hour (or other speed unit) and
was recorded at a time of approximately 37 minutes (or other time unit) relative to some starting point. As will be described
in more detail below, some embodiments may analyze or otherwise process obtained data samples within particular
time windows during the time period being represented, such as time window 213. In this example, time window 213
contains data samples recorded during a 10-minute interval from time 30 minutes to time 40 minutes. In addition, some
embodiments may further partition the group of data samples occurring within a particular time window into two or more
groups, such as group 214a and group 214b. For example, it will be noted that the illustrated data samples appear to
reflect a bi-modal distribution of reported speeds, with the bulk of the data samples reporting speeds in the range of
25-30 miles per hour or in the range of 0-8 miles per hour. Such a bi-modal or other multi-modal distribution of speeds
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may occur, for example, because the underlying traffic flow patterns are nonuniform, such as due to a traffic control
signal that causes traffic to flow in a stop-and-go pattern, or to the road segment including multiple lanes of traffic that
are moving at different speeds (e.g., an HOV or express lane with relatively higher speeds than other non-HOV lanes).
In the presence of such multi-modal distributions of speed data, some embodiments may partition the data samples into
two or more groups for further processing, such as to produce improved accuracy or resolution of processing (e.g., by
calculating distinct average speeds that more accurately reflect the speeds of various traffic flows) as well as additional
information of interest (e.g., the speed differential between HOV traffic and non-HOV traffic), or to identify a group of
data samples to exclude (e.g., to not include HOV traffic as part of a subsequent analysis). While not illustrated here,
such distinct groups of data samples may be identified in various ways, including by modeling a distinct distribution (e.g.,
a normal or Gaussian distribution) for the observed speeds of each group.
[0042] Figure 2C illustrates an example of performing data sample outlier elimination to filter or otherwise exclude
from consideration those data samples that are unrepresentative of vehicles traveling on a particular road segment,
which in this example is based on the reported speed for the data samples (although in other embodiments one or more
other attributes of the data samples could instead be used as part of the analysis, whether instead of or in addition to
the reported speeds). In particular, Figure 2C shows a table 220 that illustrates data sample outlier elimination being
performed on an example group of ten data samples (in actual use, the numbers of data samples being analyzed may
be much larger). The illustrated data samples may, for example, be all of the data samples occurring within a particular
time window (such as time window 213 of Figure 2B), or alternatively may include only a subset of the data samples of
a particular time window (such as those included in group 214a or 214b of Figure 2B) or may include all data samples
available for a larger time period.
[0043] In the present example, unrepresentative data samples are identified as being statistical outliers with respect
to other data samples in a determined group of data samples by determining the deviation of the speed of each data
sample in a group of data samples from the average speed of the other data samples in the group. The deviation of
each data sample may be measured, for example, in terms of the number of standard deviations difference from the
average speed of the other data samples in the group, with data samples whose deviations are greater than a prede-
termined threshold (e.g., 2 standard deviations) being identified as outliers and being excluded from further processing
(e.g., by being discarded).
[0044] Table 220 includes a heading row 222 that describes the contents of multiple columns 221 a-f. Each row 223a-
j of table 220 illustrates a data sample outlier elimination analysis for a distinct one of the ten data samples, with column
221 a indicating the data sample being analyzed for each row - as each data sample is analyzed, it is excluded from the
other samples of the group to determine the difference that results. The data sample of row 223a may be referred to as
the first data sample, the data sample of row 223b may be referred to as the second data sample, and so on. Column
221 b contains the reported speed of each of the data samples, measured in miles per hour. Column 221 c lists the
other data samples in the group against which the data sample of a given row will be compared, and column 221 d lists
the approximate average speed of the group of data samples indicated by column 221 c. Column 221e contains the
approximate deviation between the speed of the excluded data sample from column 221 b and the average speed listed
in column 221 d of the other data samples, measured in number of standard deviations. Column 221f indicates whether
the given data sample would be eliminated, based on whether the deviation listed in column 221e is greater than 1.5
standard deviations for the purposes of this example. In addition, the average speed 224 for all 10 data samples is
shown to be approximately 25.7 miles per hour, and the standard deviation 225 of all 10 data samples is shown to be
approximately 14.2.
[0045] Thus, for example, row 223a illustrates that the speed of data sample 1 is 26 miles per hour. Next, the average
speed of the other data samples 2-10 is calculated as approximately 25.7 miles per hour. The deviation of the speed of
data sample 1 from the average speed of the other data samples 2-10 is then calculated as being approximately .02
standard deviations. Finally, data sample 1 is determined to not be an outlier since its deviation is below the threshold
of 1.5 standard deviations. Further, row 223c illustrates that the speed of data sample 3 is 0 miles per hour and that the
average speed of the other data samples 1-2 and 4-10 is calculated as approximately 28.6 miles per hour. Next, the
deviation of the speed of data sample 3 from the average speed of the other data samples 1-2 and 4-10 is calculated
as approximately 2.44 standard deviations. Finally, data sample 3 is determined to be eliminated as an outlier because
its deviation is above the threshold of 1.5 standard deviations.
[0046] More formally, given N data samples, v0, v1, v2, ..., vn, recorded in a given time period and associated with a
given road segment, a current data sample vi will be eliminated if 
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where vi is speed of the current data sample being analyzed; vi is the average of the speed of the other data samples
(v0, ..., vi-l, vi+l, .... vn); σi is the standard deviation of the other data samples; and c is a constant threshold (e.g., 1.5).
In addition, as a special case to handle a potential division by zero, the current sample vi will be eliminated if the standard
deviation of the other data samples, σi, is zero and the speed of the current data sample is not equal to the average
speed of the other data samples, vi.
[0047] Note that for each vi, it is not necessary to iterate over all of the other data samples (v0, ..., vi-l, vi+l, ..., vn) in
order to compute the average vi and the standard deviation σi. The average vi of the other data samples v0, ..., vi-l,
vi+l, ..., vn may be expressed as follows: 

and the standard deviation σi of the other data samples v0, ..., vi-l, vi+l, ..., vn may be expressed as follows: 

where N is the total number of data samples (including the current data sample); v is the average of all of the data
samples v0, v1, v2, ..., vn; vi is the current data sample, and σ is the standard deviation of all of the data samples v0, v1,
v2, ..., vn. By utilizing the above formulas, the averages and standard deviations may be efficiently calculated, and in
particular may be calculated in constant time. Since the above algorithm calculates an average and a standard deviation
for each data sample in each road segment, the algorithm runs in O(MN) time, where M is the number of road segments
and N is the number of data samples per road segment.
[0048] In other embodiments, other outlier detection and/or data elimination algorithms may be used, whether instead
of or in addition to the described outlier detection, such as techniques based on neural network classifiers, naïve Bayesian
classifiers, and/or regression modeling, as well as techniques in which groups of multiple data samples are considered
together (e.g., if at least some data samples are not independent of other data samples).
[0049] Figure 2D illustrates an example of performing average speed assessment using data samples, and shows
example data samples similar to those depicted in Figure 2B for a particular road segment and period of time. The data
samples have been plotted on a graph 230, with time measured on the x-axis 230b and speed measured on the y-axis
230a. In some embodiments, the average speed for a given road segment may be computed on a periodic basis (e.g.
every 5 minutes). Each computation may consider multiple data samples within a predetermined time window (or interval),
such as 10 minutes or 15 minutes. If average speeds are computed over such time windows, such as at or near the end
of the time windows, data samples within a time window may be weighted in various manners when aggregating the
speeds of the data samples, such as to take into account the age of data samples (e.g., to discount older data samples
based on the intuition and the expectation that they do not provide as accurate information as to the actual traffic
conditions at the end of the time window or other current time as younger data samples recorded relatively nearer the
current time due to changing traffic conditions). Similarly, other data sample attributes may be considered in some
embodiments when weighting data samples, such as a type of data source or a particular data source for a data sample
(e.g., to weight data samples more heavily if they come from a type of data source or a particular data source that is
believed to be more accurate than others or to otherwise provide better data than others), as well as one or more other
types of weighting factors.
[0050] In the illustrated example, an average speed for the example road segment is computed every five minutes
over a 15-minute time window. The example depicts the relative weights of two illustrative data samples, 231a and 231
b, as they contribute to the computed average speed of each of two time windows, 235a and 235b. The time window
235a includes data samples recorded between times 30 and 45, and the time window 235b includes data samples
recorded between times 35 and 50. Data samples 231a and 231b both fall within both time windows 235a and 235b.
[0051] In the illustrated example, each data sample in a given time window is weighted in proportion to its age. That
is, older data samples weigh less (and therefore contribute less to the average speed) than younger data samples.
Specifically, the weight of a given data sample decreases exponentially with age in this example. This decaying weighting
function is illustrated by way of two weight graphs 232a and 232b corresponding to time windows 235a and 235b,
respectively. Each weight graph 232a and 232b plots data sample recording time on the x-axis (horizontal) against
weight on the y-axis (vertical). Samples recorded later in time (e.g., nearer the end of the time window) weigh more than
samples recorded earlier in time (e.g., nearer the beginning of the time window). The weight for a given data sample
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may be visualized by dropping a vertical line downwards from the data sample in graph 230 to where it intersects with
the curve of the weight graph corresponding to the time window of interest. For example, weight graph 232a corresponds
to time window 235a, and in accordance with the relative ages of data samples 231 a (older) and 231 b (younger), the
weight 233a of data sample 231 a is less than the weight 233b of data sample 231b. In addition, weight graph 232b
corresponds to time interval 235b, and it similarly can be seen that the weight 234a of data sample 231 a is less than
the weight 234b of data sample 231 b. In addition, it is evident that the weight of a given data sample decays over time
with respect to subsequent time windows. For example, the weight 233b of data sample 231 b in time window 235a is
greater than the weight 234b of the same data sample 231 b in the later time window 235b, because data sample 231
b is relatively younger during time window 235a compared to time window 235b.
[0052] More formally, in one embodiment, the weight of a data sample recorded at time t with respect to a time ending
at time T may be expressed as follows: 

where e is the well-known mathematical constant and α is a variable parameter (e.g., 0.2). Given the above, a weighted
average speed for N data samples v0, v1, v2, ..., vn, in a time interval ending at time T may be expressed as follows,
with ti being the time which data sample vi represents (e.g., the time at which it was recorded): 

[0053] Furthermore, an error estimate for the computed average speed may be computed as follows: 

where N is the number of data samples and σ is the standard deviation of the samples v0, v1, v2, ..., vn from the average
speed. Other forms of confidence values may similarly be determined for computed or generated average speeds in
other embodiments.
[0054] As noted, data samples may be weighted based on other factors, whether instead of or in addition to recency
of the data samples. For example, data samples may be time-weighted as described above but by utilizing different
weight functions (e.g., to have the weight of a data sample decrease linearly, rather than exponentially, with age). In
addition, data sample weighting may be further based on the total number of data samples in the time interval of interest.
For example, the variable parameter α described above may depend or otherwise vary based on the total number of
data samples, such that greater numbers of data samples result in higher penalties (e.g., lower weights) for older data
samples, to reflect the increased likelihood that there will be more low latency (e.g., younger) data samples available
for purposes of computing average speed. Furthermore, data samples may be weighted based on other factors, including
type of data source. For example, it may be the case that particular data sources (e.g., particular road traffic sensors,
or all traffic sensors of a particular network) are known (e.g., based on reported status information) or expected (e.g.,
based on historical observations) to be unreliable or otherwise inaccurate. In such cases, data samples obtained from
such road traffic sensors (e.g., such as data sample 211a of Figure 2B) may be weighted less than data samples obtained
from mobile data sources (e.g., data sample 212a of Figure 2B).
[0055] Figure 2E facilitates an example of performing traffic flow assessment for road segments based on data samples,
such as may include inferring traffic volumes, densities, and/or occupancy. In this example, traffic volume of a given
road segment is expressed as a total number of vehicles flowing in a given time window over the road segment or a
total number of vehicles arriving at the road segment during the time window, traffic density of a given road segment is
expressed as a total number of vehicles per unit distance (e.g., miles or kilometers), and traffic occupancy is expressed
as an average amount of time that a particular road segment or point on the road segment is occupied by a vehicle.
[0056] Given a number of distinct mobile data sources observed to be traveling over a given road segment during a
given time window, and a known or expected percentage of total vehicles that are mobile data sources, it is possible to
infer a total traffic volume - the total number of vehicles (including the vehicles that are not mobile data sources) traveling



EP 2 278 573 A1

14

5

10

15

20

25

30

35

40

45

50

55

over the road segment during the time window. From the inferred total traffic volume, and assessed average speeds for
vehicles on the road segment, it is possible to further calculate traffic density as well as road occupancy.
[0057] An unsophisticated approach to estimating total traffic volume of a particular road segment during a particular
time window would be to simply divide the number of mobile data sample sources for that time window by the percentage
of actual vehicles expected to be mobile data sample sources - thus, for example, if mobile data samples are received
from 25 mobile data sources during the time window and 10% of the total vehicles on the road segment are expected
to be mobile data sample sources, the estimated total volume would be 250 actual vehicles for the amount of time of
the time window. However, this approach may lead to large variability of volume estimates for adjacent time windows
due to the inherent variability of arrival rates of vehicles, particularly if the expected percentage of mobile data sample
sources is small. As one alternative that provides a more sophisticated analysis, total traffic volume of a given road
segment may be inferred as follows. Given an observation of a certain number of distinct mobile data sources (e.g.,
individual vehicles), n, on a road segment of length l, during a given period of time τ, Bayesian statistics can be utilized
to infer an underlying mean rate of arrival of mobile data sources, λ. The arrival of mobile data sources on the stretch
of road corresponding to the road segment may be modeled as a random, discrete process in time, and therefore may
be described by Poisson statistics, such that: 

[0058] From the above formula, a likelihood that n mobile data sources will be observed may be calculated, given a
mean arrival rate λ and an observed number of vehicles n. For example, suppose a mean arrival rate of λ=10 (vehicles/
unit time) and an observation of n=5 vehicles. Substitution yields 

indicating a 3.8% likelihood of actually observing n=5 vehicles. Similarly, the likelihood of actually observing 10 vehicles
arriving (i.e., n=10) if the mean arrival rate is λ=10 (vehicles/unit time) is approximately 12.5%.
[0059] The above formula may be utilized in conjunction with Bayes Theorem in order to determine the likelihood of
a particular arrival rate λ given an observation of n. As is known, Bayes Theorem is: 

[0060] By substitution and constant elimination, the following may be obtained: 

[0061] From the above, a proportional or relative likelihood of an arrival rate λ, given an observation of n mobile data
sources, may be calculated, providing a probability distribution over possible values of λ given various observed values
for n. For a particular value of n, the distribution of likelihoods over various arrival rate values allows a single representative
arrival rate value to be selected (e.g., a mean or a median) and a degree of confidence in that value to be assessed.
[0062] Furthermore, given a known percentage q of total vehicles on the road that are mobile data sources, also
referred to as the "penetration factor", the arrival rate volume of total traffic may be calculated as 

[0063] Total traffic volume for a road segment during a time period may in some embodiments alternatively be ex-
pressed as a total number of vehicles k flowing in time r over a length / of the road segment.
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[0064] Figure 2E illustrates the probability distribution of various total traffic volumes given observed sample sizes,
given an example mobile data source penetration factor of q=0.014 (1.4%). In particular, Figure 2E depicts a three
dimensional graph 240 that plots observed number of mobile data sources (n) on the y-axis 241 against inferred traffic
arrival rate volume on the x-axis 242 and against likelihood of each inferred traffic volume value on the z-axis 243. For
example, the graph shows that given an observed number of mobile data sources of n=0, the likelihood that the actual
traffic volume is near zero is approximately 0.6 (or 60%), as illustrated by bar 244a, and the likelihood that the actual
traffic volume is near 143 vehicles per unit time is approximately 0.1, as illustrated by bar 244b. Furthermore, given an
observed number of mobile data sources of n=28, the likelihood that the total actual traffic volume is near 2143 vehicles
per unit time (corresponding to approximately 30 mobile data sample sources per unit time, given the example penetration
factor) is approximately 0.1, as illustrated by bar 244c, which appears to be close to the median value for total actual
traffic volume.
[0065] In addition, average occupancy and density may be calculated using the inferred total traffic arrival rate volume
for a given road segment (representing a number of vehicles k arriving during time τ at the road segment), the assessed
average speed v, and an average vehicle length d, as follows: 

Occupancy = md

[0066] As previously described, the average speed v of vehicles on the road segment may be obtained :by utilizing
speed assessment techniques, such as those described with reference to Figure 2D.
[0067] Figures 10A-10B illustrate examples of conditioning and otherwise rectifying erroneous data samples from
road traffic sensors, such as unreliable and missing data samples. In particular, Figure 10A shows a number of example
data readings obtained from multiple traffic sensors at various times, organized into a table 1000. The table 1000 includes
multiple data reading rows 1004a-1004y that each include a traffic sensor 10 ("Identifier") 1002a that uniquely identifies
the traffic sensor that provided the reading, a traffic sensor data reading value 1002b that includes traffic flow information
reported by the traffic sensor, a time of traffic sensor data reading 1002c that reflects the time at which the data reading
was taken by the traffic sensor, and a traffic sensor state 1002d that includes an indication of the operational state of
the traffic sensor. In this example, only speed information is shown, although in other embodiments additional types of
traffic flow information may be reported by traffic sensors (e.g., traffic volume and occupancy), and values may be
reported in other formats.
[0068] In the illustrated example, the data readings 1004a-1004y have been taken by multiple traffic sensors at various
times and recorded as represented in the table 1000. In some cases, data readings may be taken by traffic sensors on
a periodic basis (e.g., every minute, every five minutes, etc.) and/or reported by the traffic sensors on such a periodic
basis. For example, traffic sensor 123 takes data readings every five minutes, as shown by data readings 1004a-1004d
and 1004f-1004i that illustrate a number of data readings taken by traffic sensor 123 between 10:25AM and 10:40AM
on two separate days (in this example, 8/13/06 and 8/14/06).
[0069] Each illustrated data reading 1004a-1004y includes a data reading value 1002b that includes traffic flow infor-
mation observed or otherwise obtained by the data sensor. Such traffic flow information may include the speed of one
or more vehicles traveling at, near, or over a traffic sensor. For example, data readings 1004a-1004d show that traffic
sensor 123 observed, at four different times, vehicle speeds of 34 miles per hour (mph), 36 mph, 42 mph, and 38 mph,
respectively. In addition, traffic flow information may include total or incremental counts of vehicles traveling at, near, or
over a traffic sensor, whether instead of or in addition to speed and/or other information. Total counts may be a cumulative
count of vehicles observed by a traffic sensor since the sensor was installed or otherwise activated. Incremental counts
may be a cumulative count of vehicles observed by a traffic sensor since the traffic sensor took a previous data reading.
Data readings 1004w-1004x show that traffic sensor 166 counted, at two different times, 316 cars and 389 cars, respec-
tively. In some cases, recorded data readings may not include data reading values, such as when a given traffic sensor
has experienced a sensor malfunction, such that it cannot make or record an observation or report an observation (e.g.,
due to a network failure). For example, data reading 1004k shows that traffic sensor 129 was unable to provide a data
reading value at 10:25 AM on the day of 8/13/06, as indicated by a "--" in the data reading value column 1002b.
[0070] In addition, a traffic sensor state 1002d may be associated with at least some data readings, such as if a traffic
sensor and/or corresponding communications network provides an indication of the operational state of the traffic sensor.
Operational states in the illustrated embodiment include indications that a sensor is functioning properly (e.g., OK), that
a sensor is in a power-off state (e.g. OFF), that a sensor is stuck reporting a single value (e.g., STUCK), and/or that a
communications link to the network is down (e.g., COM_DOWN), as illustrated in data readings 1004m, 1004k, 1004o,
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and 1004s, respectively. In other embodiments, additional and/or different information related to the operational state
of a traffic sensor may be provided, or such operational state information may not be available. Other traffic sensors,
such as traffic sensors 123 and 166 in this example, are not configured to provide indications of traffic sensor state, as
indicated by a "--" in the traffic sensor state column 1002d.
[0071] Rows 1004e, 1004j, 1004n, 1004q, 1004v, and 1004y and column 1002e indicate that additional traffic sensor
data readings may be recorded in some embodiments and/or that additional information may be provided and/or recorded
as part of each data reading. Likewise, in some embodiments, less information than is shown may be utilized as a basis
for the techniques described herein.
[0072] Figure 10B illustrates examples of detecting errors in traffic sensor data readings that may be indicative of
unhealthy traffic sensors that are operating incorrectly. In particular, because many traffic sensors may not provide an
indication of traffic sensor state, and because in some cases such indications of traffic sensor state may be unreliable
(e.g., indicating that a sensor is not functioning properly when in fact it is, or indicating that a sensor is functioning properly
when in fact it is not), it may be desirable to utilize statistical and/or other techniques to detect unhealthy traffic sensors
based on reported data reading values.
[0073] For example, in some embodiments, an unhealthy traffic sensor may be detected by comparing a current
distribution of data readings reported by a given traffic sensor during a time period (e.g., between 4:00PM and 7:29PM)
on a particular day to a historical distribution of data readings reported by the traffic sensor during the same time period
over multiple past days (e.g., the past 120 days). Such distributions may be generated by, for example, processing
multiple data readings obtained from a traffic sensor, such as those shown in Figure 10A.
[0074] Figure 10B shows three histograms 1020, 1030, and 1040 that each represents a data reading distribution
based on data readings obtained from traffic sensor 123 during a time period of interest. The data represented in
histograms 1020, 1030, and 1040 is discretized into 5 mile per hour intervals (e.g., 0 to 4 miles per hour, 5 to 9 miles
per hour, 10 to 14 miles per hour, etc.) and is normalized, such that each bar (e.g. bar 1024) represents a probability
between 0 and 1 that vehicle speeds within the 5 mile per hour bucket for that bar occurred during the time period (e.g.,
based on a percentage of data readings during the time period that fall within the bucket). For example, bar 1024 indicates
that vehicle speeds between 50 and 54 miles per hour were observed by traffic sensor 123 with a probability of approx-
imately 0.23, such as based on approximately 23% of the data readings obtained from traffic sensor 123 having reported
speeds between 50 and 54 miles per hour, inclusive. In other embodiments, one or more other bucket sizes may be
used, whether in addition to or instead of a 5 mph bucket. For example, a 1 mph bucket may provide a finer granularity
of processing, but may also cause high variability between adjacent buckets if sufficient data readings are not available
for the time period, while a 10 mph bucket would provide less variability but also less detail. Further, while the current
example uses average speed as the measure for analysis and comparison for data readings, one or more other measures
may be used in other embodiments, whether instead of or in addition to average speed. For example, traffic volume
and/or occupancy may similarly be used in at least some embodiments.
[0075] In this example, histogram 1020 represents a historical distribution of data readings taken by traffic sensor 123
between 9:00AM and 12:29PM on Mondays over the last 120 days. Histogram 1030 represents a distribution of data
readings taken by sensor 123 between 9:00AM and 12:29 on a particular Monday when traffic sensor 123 was functioning
properly. It can be visibly discerned that the shape of histogram 1030 resembles that of histogram 1020, given that traffic
patterns on a particular Monday would be expected to be similar to traffic patterns on Mondays in general, and the
degree of similarity may be computed in various ways, as discussed below. Histogram 1040 represents a distribution
of data readings taken by traffic sensor 123 between 9:00AM and 12:29 on a particular Monday when traffic sensor 123
was not functioning properly, and was instead outputting data readings that did not reflect actual traffic flows. The shape
of histogram 1040 differs markedly from that of histogram 1020, as is visibly discernible, reflecting the erroneous data
readings reported by traffic sensor 123. For example, a large spike in the distribution is visible at bar 1048, which may
be indicative of sensor 123 being stuck for at least some of the time between 9:00AM and 12:30PM and reporting a
substantial number of Identical readings that were not reflective of actual traffic flows.
[0076] In some embodiments, the Kullback-Leibler divergence between two traffic sensor data distributions may be
utilized to determine the similarity between the two distributions, although in other embodiments similarities or differences
between distributions may be calculated in other manners. The Kullback-Leibler divergence is a convex measure of the
similarity of two probability distributions P and Q. It may be expressed as follows, 

where Pi and Qi are values of the discretized probability distributions P and Q (e.g., each Pi and Qi is the probability that
speeds within the i-th bucket occurred). In the illustrated example, the Kullback-Leibler divergence ("DKL") 1036 between
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the data reading distribution shown in histogram 1020 and the data reading distribution shown in histogram 1030 for the
healthy traffic sensor is approximately 0.076, while the Kullback-Leibler divergence 1046 between the data reading
distribution shown in histogram 1020 and the data reading distribution shown in histogram 1040 for the unhealthy traffic
sensor is approximately 0.568. As one might expect, the DKL 1036 is significantly smaller than the DKL 1046 (in this
case, approximately 13% of DKL 1046), reflecting the fact that histogram 1030 (e.g., representing the output of traffic
sensor 123 while it was functioning properly) is more similar to histogram 1020 (e.g., representing the average behavior
of traffic sensor 123) than histogram 1040 (e.g., representing traffic sensor 123 while it was malfunctioning) is similar to
histogram 1020.
[0077] In addition, some embodiments may use other statistical measures to detect erroneous data readings provided
by traffic sensors, such as statistical information entropy, whether instead of or in addition to a similarity measure such
as from the Kullback-Leibler divergence. The statistical entropy of a probability distribution is a measure of the diversity
of the probability distribution. Statistical entropy of a probability distribution P may be expressed as follows, 

where Pi is a value of the discretized probability distributions P (e.g., each Pi is the probability that speeds within the i-
th bucket of the histogram for P occurred). In the illustrated example, the statistical entropy 1022 of the distribution shown
in histogram 1020 is approximately 2.17, the statistical entropy 1032 of the distribution shown in histogram 1030 is
approximately 2.14, and the statistical entropy 1042 of the distribution shown in histogram 1040 is approximately 2.22.
As one might expect, the statistical entropy 1042 is greater than both the statistical entropy 1032 and the statistical
entropy 1022, reflecting the more chaotic output pattern exhibited by traffic sensor 123 while it was malfunctioning.
[0078] In addition, the difference between two statistical entropy measures may be measured by calculating the entropy
difference measure. The entropy difference measure between two probability distributions P and Q may be expressed as 

where H(P) and H(Q) are the entropies of the probability distributions P and Q, respectively, as described above. In the
illustrated example, the entropy difference measure ("EM") 1034 between the distribution shown in histogram 1020 and
the distribution shown in histogram 1030 is approximately 0.0010, and the entropy difference measure 1044 between
the distribution shown in histogram 1020 and the distribution shown in histogram 1040 is approximately .0023. As one
may expect, the entropy difference measure 1044 is significantly larger than the entropy difference measure 1034 (in
this case, more than twice as large), reflecting the greater difference between the statistical entropy of the distribution
shown in histogram 1040 and the statistical entropy of the distribution shown in histogram 1020, compared to the
difference between the statistical entropy of the distribution shown in histogram 1030 and the statistical entropy of the
distribution shown in histogram 1020.
[0079] The statistical measures described above may be utilized in various ways in order to detect unhealthy traffic
sensors. In some embodiments, various information about a current data reading distribution is provided as input to a
sensor health (or data reading reliability) classifier, such as based on a neural network, Bayesian classifier, decision
tree, etc. For example, the classifier input information may include, for example, the Kullback-Leibler divergence between
a historical data reading distribution for the traffic sensor and the current data reading distribution for the traffic sensor,
and the statistical entropy of the current data reading distribution. The classifier then assesses the health of the traffic
sensor based on the provided inputs, and provides an output that indicates an unhealthy or healthy sensor. In some
cases, additional information may also be provided as input to the classifier, such as an indication of the time-of-day
(e.g., a time period from 5:00AM to 9:00AM), day or days of week (e.g., Monday through Thursday, Friday, Saturday or
Sunday) corresponding to the time-of-day and/or day-of-week to which the current and historical data reading distributions
correspond, size of the mph buckets, etc. Classifiers may be trained by utilizing actual prior data readings, such as those
that include indications of traffic sensor state, as illustrated in Figure 10A.
[0080] In other embodiments, unhealthy traffic sensors may be identified without the use of a classifier. For example,
a traffic sensor may be determined to be unhealthy if one or more statistical measures are above a predetermined
threshold value. For instance, a traffic sensor may be determined to be unhealthy if the Kullback-Leibler divergence
between a historical data reading distribution for the traffic sensor and a current data reading distribution for the traffic
sensor is above a first threshold value, if the statistical entropy of the current data reading distribution is above a second
threshold value, and/or if the entropy difference measure between the current data reading distribution and the historical
data reading distribution is above a third threshold. In addition, other non-statistical information may be utilized, such as
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whether the traffic sensor is reporting a sensor state that may be interpreted as healthy or unhealthy.
[0081] As previously noted, although the above techniques are described primarily in the context of traffic sensors
that report vehicle speed information, the same techniques may be utilized with respect to other traffic flow information,
including traffic volume, density, and occupancy.
[0082] Figure 3 is a block diagram illustrating an embodiment of a computing system 300 that is suitable for performing
at least some of the described techniques, such as by executing an embodiment of a Data Sample Manager system.
The computing system 300 includes a central processing unit ("CPU") 335, various input/output ("I/O") components 305,
storage 340, and memory 345, with the illustrated I/O components including a display 310, a network connection 315,
a computer-readable media drive 320, and other I/O devices 330 (e.g., keyboards, mice or other pointing devices,
microphones, speakers, etc.).
[0083] In the illustrated embodiment, various systems are executing in memory 345 in order to perform at least some
of the described techniques, including a Data Sample Manager system 350, a Predictive Traffic Information Provider
system 360, a Key Road Identifier system 361, a Road Segment Determiner system 362, an RT Information Provider
system 363, and optional other systems provided by programs 369, with these various executing systems generally
referred to herein as traffic information systems. The computing system 300 and its executing systems may communicate
with other computing systems via a network 380 (e.g., the Internet, one or more cellular telephone networks, etc.), such
as various client devices 382, vehicle-based clients and/or data sources 384, road traffic sensors 386, other data sources
388, and third-party computing systems 390.
[0084] In particular, the Data Sample Manager system 350 obtains various information regarding current traffic con-
ditions and/or previous observed case data from various sources, such as from the road traffic sensors 386, vehicle-
based mobile data sources 384 and/or other mobile or non-mobile data sources 388. The Data Sample Manager system
350 then prepares the obtained data for use by other components and/or systems by filtering (e.g., eliminating data
samples from consideration) and/or conditioning (e.g., correcting errors) the data, and then assesses road traffic con-
ditions such as traffic flow and/or speed for various road segments using the prepared data. In this illustrated embodiment,
the Data Sample Manager system 350 includes a Data Sample Filterer component 352, a Sensor Data Conditioner
component 353, a Data Sample Outlier Eliminator component 354, a Data Sample Speed Assessor component 356, a
Data Sample Flow Assessor component 358, and an optional Sensor Data Aggregator component 355, with the com-
ponents 352-358 performing functions similar to those previously described for corresponding components of Figure 1
(such as the Data Sample Filterer component 104, the Sensor Data Conditioner component 105, the Data Sample Outlier
Eliminator component 106, the Data Sample Speed Assessor component 107, the Data Sample Flow Assessor com-
ponent 108, and the optional Sensor Data Aggregator component 110). In addition, in at least some embodiments the
Data Sample Manager system performs its assessment of road traffic conditions in a substantially realtime or near-
realtime manner, such as within a few minutes of obtaining the underlying data (which may be itself be obtained in a
substantially realtime manner from the data sources).
[0085] The other traffic information systems 360-363 and 369 and/or the third-party computing systems 390 may then
use data provided by the Data Sample Manager system in various ways. For example, the Predictive Traffic Information
Provider system 360 may obtain (either directly, or indirectly via a database or storage device) such prepared data to
generate future traffic condition predictions for multiple future times, and provide the predicted information to one or
more other recipients, such as one or more other traffic information systems, client devices 382, vehicle-based clients
384, and/or third-party computing systems 390. In addition, the RT Information Provider system 363 may obtain infor-
mation about assessed road traffic conditions from the Data Sample Manager system, and make the road traffic condition
information available to others (e.g., client devices 382, vehicle-based clients 384, and/or third-party computing systems
390) in a realtime or near-realtime manner - when the Data Sample Manager system also performs its assessments in
such a realtime or near-realtime manner, the recipients of the data from the RT Information Provider system may be
able to view and use information about current traffic conditions on one or more road segments based on contempora-
neous actual vehicle travel on those road segments (as reported by mobile data sources traveling on those road segments
and/or by sensors and other data sources providing information about actual vehicle travel on those road segments).
[0086] The client devices 382 may take various forms in various embodiments, and may generally include any com-
munication devices and other computing devices capable of making requests to and/or receiving information from the
traffic information systems. In some cases, the client devices may execute interactive console applications (e.g., Web
browsers) that users may utilize to make requests for traffic-related information (e.g., predicted future traffic conditions
information, realtime or near-realtime current traffic conditions information, etc.), while in other cases at least some such
traffic-related information may be automatically sent to the client devices (e.g., as text messages, new Web pages,
specialized program data updates, etc.) from one or more of the traffic information systems.
[0087] The road traffic sensors 386 include multiple sensors that are installed in, at, or near various streets, highways,
or other roads, such as for one or more geographic areas. These sensors may include loop sensors that are capable of
measuring the number of vehicles passing above the sensor per unit time, vehicle speed, and/or other data related to
traffic flow. In addition, such sensors may include cameras, motion sensors, radar ranging devices, RFID-based devices,
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and other types of sensors that are located adjacent to or otherwise near a road. The road traffic sensors 386 may
periodically or continuously provide measured data readings via wire-based or wireless-based data link to the Data
Sample Manager system 350 via the network 380 using one or more data exchange mechanisms (e.g., push, pull,
polling, request-response, peer-to-peer, etc.). In addition, while not illustrated here, in some embodiments one or more
aggregators of such road traffic sensor information (e.g., a governmental transportation body that operates the sensors)
may instead obtain the raw data and make that data available to the traffic information systems (whether in raw form or
after it is processed).
[0088] The other data sources 388 include a variety of types of other sources of data that may be utilized by one or
more of the traffic information systems to provide traffic-related information to users, customers, and/or other computing
systems. Such data sources include map services and/or databases that provide information regarding road networks,
such as the connectivity of various roads to one another as well as traffic control information related to such roads (e.g.,
the existence and location of traffic control signals and/or speed zones). Other data sources may also include sources
of information about events and/or conditions that impact and/or reflect traffic conditions, such as short-term and long-
term weather forecasts, school schedules and/or calendars, event schedules and/or calendars, traffic incident reports
provided by human operators (e.g., first responders, law enforcement personnel, highway crews, news media, travelers,
etc.), road work information, holiday schedules, etc.
[0089] The vehicle-based clients/data sources 384 in this example may each be a computing system and/or commu-
nication system located within a vehicle that provides data to one or more of the traffic information systems and/or that
receives data from one or more of those systems. In some embodiments, the Data Sample Manager system 350 may
utilize a distributed network of vehicle-based mobile data sources and/or other user-based mobile data sources (not
shown) that provide information related to current traffic conditions for use by the traffic information systems. For example,
each vehicle or other mobile data source may have a GPS ("Global Positioning System") device (e.g., a cellular telephone
with GPS capabilities, a stand-alone GPS device, etc.) and/or other geo-location device capable of determining the
geographic location, and possibly other information such as speed, direction, elevation and/or other data related to the
vehicle’s travel, with the geo-location device(s) or other distinct communication devices obtaining and providing such
data to one or more of the traffic information systems (e.g., by way of a wireless link) from time to time. Such mobile
data sources are discussed in greater detail elsewhere.
[0090] Alternatively, some or all of the vehicle-based clients/data sources 384 may each have a computing system
and/or communication system located within a vehicle to obtain information from one or more of the traffic information
systems, such as for use by an occupant of the vehicle. For example, the vehicle may contain an in-dash navigation
system with an installed Web browser or other console application that a user may utilize to make requests for traffic-
related information via a wireless link from one of the traffic information systems, such as the Predictive Traffic Information
Provider system and/or RT Information Provider system, or instead such requests may be made from a portable device
of a user in the vehicle. In addition, one or more of the traffic information systems may automatically transmit traffic-
related information to such a vehicle-based client device based upon the receipt or generation of updated information.
[0091] The third-party computing systems 390 include one or more optional computing systems that are operated by
parties other than the operator(s) of the traffic information systems, such as parties who receive traffic-related data from
one or more of the traffic information systems and who make use of the data in some manner. For example, the third-
party computing systems 390 may be systems that receive traffic information from one or more of the traffic information
systems, and that provide related information (whether the received information or other information based on the
received information) to users or others (e.g., via Web portals or subscription services). Alternatively, the third-party
computing systems 390 may be operated by other types of parties, such as media organizations that gather and report
traffic conditions to their consumers, or online map companies that provide traffic-related information to their users as
part of travel-planning services.
[0092] As previously noted, the Predictive Traffic Information Provider system 360 may use data prepared by the Data
Sample Manager system 350 and other components in the illustrated embodiment to generate future traffic condition
predictions for multiple future times. In some embodiments, the predictions are generated using probabilistic techniques
that incorporate various types of input data in order to repeatedly produce future time series predictions for each of
numerous road segments, such as in a realtime manner based on changing current conditions for a network of roads
in a given geographic area. Moreover, in at least some embodiments one or more predictive Bayesian or other models
(e.g., decision trees) are automatically created for use in generating the future traffic condition predictions for each
geographic area of interest, such as based on observed historical traffic conditions for those geographic areas. Predicted
future traffic condition information may be used in a variety of ways to assist in travel and for other purposes, such as
to plan optimal routes through a network of roads based on predictions about traffic conditions for the roads at multiple
future times.
[0093] Furthermore, the Road Segment Determiner system 362 may utilize map services and/or databases that provide
information regarding road networks in one or more geographic areas in order to automatically determine and manage
information related to the roads that may be used by other traffic information systems. Such road-related information
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may include determinations of particular portions of roads to be treated as road segments of interest (e.g., based on
traffic conditions of those road portions and other nearby road portions), as well as automatically generated associations
or relationships between road segments in a given road network and indications of other information of interest (e.g.,
physical locations of road traffic sensors, event venues, and landmarks; information about functional road classes and
other related traffic characteristics; etc.). In some embodiments, the Road Segment Determiner system 362 may execute
periodically and store the information it produces in storage 340 or a database (not shown) for use by other traffic
information systems.
[0094] In addition, the Key Road Identifier system 361 utilizes a road network representing a given geographic area
and traffic condition information for that geographic area to automatically identify roads that are of interest for tracking
and assessing road traffic conditions, such as for used by other traffic information systems and/or traffic data clients. In
some embodiments, the automatic identification of a road (or of one or more road segments of the road) as being of
interest may be based at least in part on factors such as the magnitude of peak traffic volume or other flow, the magnitude
of peak traffic congestion, intra-day variability of traffic volume or other flow, intra-day variability of congestion for the
road, inter-day variability of traffic volume or other flow, and/or inter-day variability of congestion for the road. Such
factors may be analyzed by way of, for example, principal components analysis, such as by first computing a covariance
matrix S of traffic condition information for all roads (or road segments) in a given geographic area, and then computing
an Eigen decomposition of the covariance matrix S. In descending order of Eigenvalue, the Eigenvectors of S then
represent the combinations of roads (or road segments) that independently contribute most strongly to the variance of
the observed traffic conditions.
[0095] In addition, a realtime traffic information provider or presenter system may be provided by the RT Information
Provider system, or instead by one or more of the other programs 369. The information provider system may utilize data
analyzed and provided by the Data Sample Manager system 350 and/or other components (such as the Predictive
Traffic Information Provider system 360) in order to provide traffic information services to consumers and/or business
entities that are operating or otherwise utilizing client devices 382, vehicle-based clients 384, third-party computing
systems 390, etc., such as to provide data in a realtime or near-realtime manner based at least in part on data samples
obtained from vehicles and other mobile data sources.
[0096] It will be appreciated that the illustrated computing systems are merely illustrative and are not intended to limit
the scope of the present invention. Computing system 300 may be connected to other devices that are not illustrated,
including through one or more networks such as the Internet or via the Web. More generally, a "client" or "server"
computing system or device, or traffic information system and/or component, may comprise any combination of hardware
or software that can interact and perform the described types of functionality, including without limitation desktop or other
computers, database servers, network storage devices and other network devices, PDAs, cellphones, wireless phones,
pagers, electronic organizers, Internet appliances, television-based systems (e.g., using set-top boxes and/or personal/
digital video recorders), and various other consumer products that include appropriate inter-communication capabilities.
In addition, the functionality provided by the illustrated system components may in some embodiments be combined in
fewer components or distributed in additional components. Similarly, in some embodiments the functionality of some of
the illustrated components may not be provided and/or other additional functionality may be available.
[0097] In addition, while various items are illustrated as being stored in memory or on storage while being used, these
items or portions of them can be transferred between memory and other storage devices for purposes of memory
management and/or data integrity. Alternatively, in other embodiments some or all of the software components and/or
modules may execute in memory on another device and communicate with the illustrated computing system via inter-
computer communication. Some or all of the system components or data structures may also be stored (e.g., as software
instructions or structured data) on a computer-readable medium, such as a hard disk, a memory, a network, or a portable
media article to be read by an appropriate drive or via an appropriate connection. The system components and data
structures can also be transmitted as generated data signals (e.g., as part of a carrier wave or other analog or digital
propagated signal) on a variety of computer-readable transmission mediums, including wireless-based and wired/cable-
based mediums, and can take a variety of forms (e.g., as part of a single or multiplexed analog signal, or as multiple
discrete digital packets or frames). Such computer program products may also take other forms in other embodiments.
Accordingly, the present invention may be practiced with other computer system configurations.
[0098] Figure 4 is a flow diagram of an example embodiment of a Data Sample Filterer routine 400. The routine may
be provided by, for example, execution of an embodiment of a Data Sample Filterer component 352 of Figure 3 and/or
Data Sample Filterer component 104 of Figure 1, such as to receive data samples corresponding to roads in a geographic
area and to filter data samples that are not of interest for later assessments. The filtered data samples may then
subsequently be used in various ways, such as to use the filtered data samples to calculate average speeds for particular
road segments of interest and to calculate other traffic flow-related characteristics for such road segments.
[0099] The routine begins in step 405, where a group of data samples is received for a geographic area for a particular
period of time. In step 410, the routine then optionally generates additional information for some or all of the data samples
based on other related data samples. For example, if a particular data sample for a vehicle or other mobile data source
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lacks information of interest (such as speed and/or heading or orientation for the mobile data source), such information
may be determined in conjunction with one or both of the prior and subsequent data samples for the same mobile data
source. In addition, in at least some embodiments information from multiple data samples for a particular mobile data
source may be aggregated in order to assess additional types of information regarding the data source, such as to
assess an activity of the data source over a period of time that spans multiple data samples (e.g., to determine if a
vehicle has been parked for several minutes rather than temporarily stopped for a minute or two as part of the normal
flow of traffic, such as at a stop sign or stop light).
[0100] After step 410, the routine continues to step 415 to attempt to associate each data sample with a road in the
geographic area and a particular road segment of that road, although in other embodiments this step may not be
performed or may be performed in other manners, such as if at least an initial association of a data sample to a road
and/or road segment is instead received in step 405, or instead if the entire routine is performed at a single time for a
single road segment such that all of the data samples received in step 405 as a group correspond to a single road
segment. In the illustrated embodiment, the association of a data sample to a road and road segment may be performed
in various ways, such as to make an initial association based solely on a geographic location associated with the data
sample (e.g., to associate the data sample with the nearest road and road segment). Furthermore, the association may
optionally include additional analysis to refine or revise that initial association - for example, if a location-based analysis
indicates multiple possible road segments for a data sample (such as multiple road segments for a particular road, or
instead multiple road segments for nearby but otherwise unrelated roads), such additional analysis may use other
information such as speed and orientation to affect the association (e.g., by combining location information and one or
more other such factors in a weighted manner). Thus, for example, if the reported location of a data sample is between
a freeway and a nearby frontage road, information about the reported speed of the data sample may be used to assist
in associating the data sample with the appropriate road (e.g., by determining that a data sample with an associated
speed of 70 miles per hour is unlikely to originate from a frontage road with a speed limit of 25 miles per hour). In addition,
in situations in which a particular stretch of road or other road portion is associated with multiple distinct road segments
(e.g., for a two-lane road in which travel in one direction is modeled as a first road segment and in which travel in the
other direction is modeled as a distinct second road segment, or instead a multi-lane freeway in which an HOV lane is
modeled as a separate road segment from one or more adjacent non-HOV lanes), additional information about the data
sample such as speed and/or orientation may be used to select the most likely road segment of the road for the data
sample.
[0101] After step 415, the routine continues to step 420 to filter any data samples that are not associated with road
segments that are of interest for later processing, including data samples (if any) that are not associated with any road
segment. For example, certain roads or portions of roads may not be of interest for later analysis, such as to exclude
roads of certain functional road classes (e.g., if the size of the road and/or its amount of traffic is not sufficiently large to
be of interest), or to exclude portions of roads such as a freeway ramp or feeder road or collector/distributor road since
the traffic characteristics of such road portions are not reflective of the freeway as a whole. Similarly, in situations in
which multiple road segments are associated with a particular portion of road, some road segments may not be of interest
for some purposes, such as to exclude an HOV lane for a freeway if only the behavior of the non-HOV lanes are of
interest for a particular purpose, or if only one direction of a two-way road is of interest. After step 420, the routine
continues to step 425 to determine whether to filter data samples based on activity of the data sources, although in other
embodiments such filtering may not be performed or may always be performed. In the illustrated embodiment, if the
filtering is to be performed based on the source activity, the routine continues to step 430 to perform such filtering, such
as to remove data samples corresponding to data sources whose behavior does not reflect the traffic flow activity of
interest to be measured (e.g., to exclude vehicles that are parked with their engines running for an extended period of
time, to exclude vehicles that are driving around in a parking lot or parking garage or other small area for an extended
period of time, etc.). After step 430, or if it was instead determined in step 425 to not filter based on data source activity,
the routine continues to step 490 to store the filtered data for later use, although in other embodiments the filtered data
could instead be provided directly to one or more clients. The routine then continues to step 495 to determine whether
to continue. If so, the routine returns to step 405, and if not continues to step 499 and ends.
[0102] Figure 5 is a flow diagram of an example embodiment of a Data Sample Outlier Eliminator routine 500. The
routine may be provided by, for example, execution of an embodiment of a Data Sample Outlier Eliminator component
354 of Figure 3 and/or Data Sample Outlier Eliminator component 106 of Figure 1, such as to eliminate data samples
for a road segment that are outliers with respect to the other data samples for the road segment.
[0103] The routine begins in step 505, where a set of data samples for a road segment and a time period are received.
The received data samples may be, for example, filtered data samples obtained from the output of the Data Sample
Filterer routine. In step 510, the routine then optionally separates the data samples into multiple groups to reflect distinct
parts of the road segment and/or distinct behaviors. For example, if multiple freeway lanes are included together as part
of a single read segment and the multiple lanes include at least one HOV lane and one or more non-HOV lanes, the
vehicles in the HOV lane(s) may be separated from vehicles in the other lanes if the traffic flow during the time period
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is significantly different between the HOV and non-HOV lanes. Such grouping may be performed in various ways, such
as by fitting the data samples to multiple curves that each represent typical data sample variability within a particular
group of data samples (e.g., a normal or Gaussian curve). In other embodiments, such grouping may not be performed,
such as if the road segment is instead divided such that all of the data samples for the road segment reflect similar
behavior (e.g., if a freeway with an HOV lane and other non-HOV lanes is instead split into multiple road segments).
[0104] The routine next continues to step 515 to, for each of the one or more groups of data samples (with all of the
data samples being treated as a single group if the data sample separating of step 510 is not performed), calculate
average traffic condition characteristics for all of the data samples. Such average traffic condition characteristics may
include, for example, an average speed, as well as corresponding statistical information such as a standard deviation
from the mean. The routine then continues to step 520 to, for each of the one or more data sample groups, successively
perform a leave-one-out analysis such that a particular target data sample is selected to be provisionally left out and
average traffic condition characteristics are determined for the remaining traffic condition characteristics. The larger the
difference between the average traffic condition characteristics for the remaining data samples and the average traffic
condition characteristics for all data samples from step 515, the greater the likelihood that the left-out target data sample
is an outlier that does not reflect common characteristics of the other remaining data samples. In step 525, the routine
then optionally performs one or more additional types of outlier analysis, such as to successively leave out groups of
two or more target data samples in order to assess their joint effect, although in some embodiments such additional
outlier analysis may not be performed. After step 522, the routine continues to step 590 to remove data samples that
are identified as outliers in steps 520 and/or 525, and stores the remaining data samples for later use. In other embod-
iments, the routine may instead forward the remaining data samples to one or more clients for use. The routine then
continues to step 595 to determine whether to continue. If so, the routine returns to step 505, and if not the routine
continues to step 599 and ends.
[0105] Figure 6 is a flow diagram of an example embodiment of a Data Sample Speed Assessor routine 600. The
routine may be provided by, for example, execution of the Data Sample Speed Assessor component 356 of Figure 3
and/or the Data Sample Speed Assessor component 107 of Figure 1, such as to assess a current average speed for a
road segment during a period of time based on various data samples for the road segment. In this example embodiment,
the routine will perform successive calculations of average speed for the road segment for each of multiple time intervals
or windows during the period of time, although in other embodiments each invocation of the routine may instead be for
a single time interval (e.g., with multiple time intervals assessed via multiple invocations of the routine). For example, if
the time period is thirty minutes, a new average speed calculation may be performed every five minutes, such as with
5-minute time intervals (and thus with each time interval not overlapping with prior or successive time intervals), or with
10-minute time intervals (and thus overlapping with adjacent time intervals).
[0106] The routine begins at step 605, where an indication is received of data samples (e.g., data samples from mobile
data sources and physical sensor data readings) for a road segment for a period of time, or of insufficient data for a road
segment for a period of time, although in some embodiments only one of data samples from mobile data sources and
from sensor data readings may be received. The received data samples may be, for example, obtained from the output
of the Data Sample Outlier Eliminator routine. Similarly, the indication of insufficient data may be received from the Data
Sample Outlier Eliminator routine. In some cases, the indication of insufficient data may be based on having an insufficient
number of data samples, such as when there have been no data samples from mobile data sources associated with the
road segment for the period of time and/or when some or all sensor data readings for the road segment are missing or
have been detected to be erroneous (e.g., by the Sensor Data Conditioner component 105 of Figure 1). In this example,
the routine continues in step 610 to determine whether an indication of insufficient data has been received. If so, the
routine continues to step 615, and if not, the routine continues to step 625.
[0107] In step 615, the routine executes an embodiment of the Traffic Flow Estimator routine (described with reference
to Figure 14) in order to obtain estimated average traffic speed for the road segment for the period of time. In step 620,
the routine then provides an indication of the estimated average speed. In step 625, the routine selects the next time
interval or window for which an average speed is to be assessed, beginning with the first time interval. In step 630, the
routine then calculates a weighted average traffic speed for the data samples within the time interval, with the weighting
of the data samples being based on one or more factors. For example, in the illustrated embodiment, the weighting for
each data sample is varied (e.g., in a linear, exponential, or step-wise manner) based on the latency of the data sample,
such as to give greater weight to data samples near the end of the time interval (as they may be more reflective of the
actual average speed at the end of the time interval). In addition, the data samples may further be weighted in the
illustrated embodiment based on the source of the data, such as to weight data readings from physical sensors differently
from data samples from vehicles and other mobile data sources, whether more or less heavily. In addition, in other
embodiments, various other factors could be used in the weighting, including on a per-sample basis - for example, a
data reading from one physical sensor may be weighted differently than a data reading from another physical sensor,
such as to reflect available information about the sensors (e.g., that one of the physical sensors is intermittently faulty
or has a less accurate data reading resolution than another sensor), and a data sample from one vehicle or other mobile
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data source may similarly be weighted differently from that of another such vehicle or mobile data source based on
information about the mobile data sources. Other types of factors that in some embodiments may be used in the weightings
include confidence values or other estimates of the possible error in a particular data sample, a degree of confidence
that a particular data sample should be associated with a particular road segment, etc.
[0108] After step 630, the routine continues to step 635 to provide an indication of the average calculated traffic speed
for the time interval, such as to store the information for later use and/or to provide the information to a client. In step
640, the routine then optionally obtains additional data samples for the time period that have become available subsequent
to the receipt of information in step 605. It is then determined in step 645 whether more time intervals are to be calculated
for the time period, and if so the routine returns to step 625. If there are instead no more time intervals, or after step 620,
the routine continues to step 695 to determine whether to continue. If so, the routine returns to step 605, and if not
continues to step 699 and ends.
[0109] Figure 7 is a flow diagram of an example embodiment of a Data Sample Flow Assessor routine 700. The routine
may be provided by, for example, execution of an embodiment of a Data Sample Flow Assessor component 358 of
Figure 3 and/or Data Sample Flow Assessor component 108 of Figure 1, such as to assess traffic condition flow char-
acteristics other than average speed for a particular road segment during a particular period of time. In this example
embodiment, the flow characteristics to be assessed include a total volume of vehicles (or other mobile data sources)
arriving at or present on a particular road segment during a period of time, and a percentage occupancy for the road
segment during the period of time to reflect the percentage of time that a point on or area of the road segment is covered
by a vehicle.
[0110] The routine begins at step 705, where an indication is received of data samples for a road segment for a period
of time and an average speed for the road segment during the period of time, or of insufficient data for a road segment
for a period of time. The data samples may be obtained from, for example, output of the Data Sample Outlier Eliminator
routine, and the average speed may be obtained from, for example, output of the Data Sample Speed Assessor routine.
The indication of insufficient data may be obtained from, for example, output of the Data Sample Outlier Eliminator
routine. In some cases, the indication of insufficient data may be based on having an insufficient number of data samples,
such as when there have been no data samples from mobile data sources associated with the road segment for the
period of time and/or when some or all sensor data readings for the road segment are missing or have been detected
to be erroneous (e.g., by the Sensor Data Conditioner component 105 of Figure 1). The routine then continues in step
706 to determine whether an indication of insufficient data has been received. If so, the routine continues to step 750,
and if not, the routine continues to step 710.
[0111] In step 750, the routine executes an embodiment of the Traffic Flow Estimator routine (described with reference
to Figure 14) in order to obtain estimated total volume and occupancy for the road segment for the period of time. In
step 755, the routine then provides an indication of the estimated total volume and occupancy.
[0112] In step 710, the routine determines a number of vehicles (or other mobile data sources) that provided the data
samples, such as by associating each data sample with a particular mobile data source. In step 720, the routine then
probabilistically determines the most likely arrival rate to the road segment of the vehicles providing the data samples,
based in part on the determined number of vehicles. In some embodiments, the probabilistic determination may further
use information about the a priori probability of the number of such vehicles and the a priori probability of a particular
arrival rate. In step 730, the routine then infers the total volume of all vehicles passing through the road segment during
the period of time, such as based on the determined number of vehicles and information about what percentage of the
total number of vehicles are vehicles that provide data samples, and further assesses a confidence interval for the
inferred total volume. In step 740, the routine then infers the percentage occupancy for the road segment during the
period of time based on the inferred total volume, the average speed, and an average vehicle length. Other types of
traffic flow characteristics of interest may similarly be assessed in other embodiments. In the illustrated embodiment,
the routine then continues to step 790 to provide indications of the inferred total volume and the inferred percentage
occupancy. After steps 755 or 790, if it is then determined in step 795 to continue, the routine returns to step 705, and
if not continues to step 799 and ends.
[0113] Figure 11 is a flow diagram of an example embodiment of a Sensor Data Reading Error Detector routine 1100.
The routine may be provided by, for example, execution of the Sensor Data Conditioner component 353 of Figure 3
and/or the Sensor Data Conditioner component 105 of Figure 1, such as to determine the health of one or more traffic
sensors. In this example embodiment, the routine is performed at various times of day to determine the health of one
or more traffic sensors, based on traffic sensor data readings recently obtained during an indicated time period. In
addition, data being output by a traffic sensor for one or more of various types of traffic conditions measures may be
analyzed by the routine in various embodiments, such as traffic speed, volume, occupancy, etc. Furthermore, data for
at least some of traffic conditions may be measured and/or aggregated in various ways, such as at various levels of
granularity (e.g., 5mph buckets of groups of data for speed information), and the routine may in some embodiments
analyze data for a particular traffic sensor at each of one or more levels of granularity (or other level of aggregation) for
each of one or more traffic conditions measures.
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[0114] The routine begins at step 1105 and receives an indication of one or more traffic sensors and of a selected
time category (e.g., the most recent time category, if the routine executes after each time category to provide results in
a near-realtime manner, or one or more prior time categories selected for analysis), although in other embodiments
multiple time categories may instead be indicated. In some embodiments, time may be modeled by way of time categories
that each include a time-of-day category (e.g., 12:00AM to 5:29AM and 7:30PM to 11:59PM, 5:30AM to 8:59AM, 9:
00AM to 12:29PM, 12:30PM to 3:59PM, 4:00PM to 7:29PM, and 12:00AM to 11:59PM) and/or a day-of-week category
(e.g., Monday through Thursday, Friday, Saturday and Sunday, or instead with Saturday and Sunday grouped together).
Particular time categories may be selected in various ways in various embodiments, including to reflect time periods
during which traffic is expected to have similar characteristics (e.g., based on commuting times and patterns, or other
consistent activities that affect traffic), such as to group evening and eariy morning hours together if traffic is typically
relatively sparse during those times. In addition, in some embodiments time categories may be selected to differ for
different traffic sensors (e.g., by geographic area, road, individual sensor, etc.), whether manually or in an automated
manner by analyzing historical data to determine time periods that have similar traffic flow characteristics.
[0115] In steps 1110 to 1150, the routine then performs a loop in which it analyzes traffic sensor data readings from
each of the indicated one or more traffic sensors for the indicated time categories in order to determine the traffic sensor
health status of each of the traffic sensors during that time category. In step 1110, the routine selects the next traffic
sensor of the indicated one or more traffic sensors, beginning with the first, and selects the indicated time category (or,
if multiple time categories were instead indicated in step 1105, the next combination of traffic sensor and indicated time
category). In step 1115, the routine retrieves an average historical data reading distribution for the traffic sensor during
the selected time category. In some embodiments, the historical data reading distribution may be based on data readings
provided by the traffic sensor during the selected time category (e.g., between 4:00PM and 7:29PM on days of the week
that include Monday through Thursday) over an extended time period, such as the last 120 days or a recent 120 day
period).
[0116] In step 1120, the routine determines a target traffic sensor data distribution for the selected traffic sensor and
selected time category. In step 1125, the routine then determines the similarity of the target traffic sensor data reading
distribution and the historical traffic sensor data reading distribution. As described in more detail elsewhere, in some
embodiments, such a similarity measure may be determined by calculating the Kullback-Leibler divergence between
the target traffic sensor data reading distribution and the historical traffic sensor data reading distribution. In step 1130,
the routine next determines the information entropy of the target traffic sensor data reading distribution, as discussed
in greater detail elsewhere.
[0117] In step 1135, the routine next assesses the health of the selected traffic sensor for the selected time category
by using various information to perform a health classification (e.g., an indication of "healthy" or "unhealthy", or a value
on a "health" scale such as from 1 to 100), which in this example includes the determined similarity, determined entropy,
and the selected time category (e.g., the selected time-of-day category, such as 4:00PM to 7:29PM, and/or the selected
day-of-week category, such as Monday to Thursday). In other embodiments, other types of information could be used,
such as an indication of a degree of granularity of the data being measured (e.g., 5mph buckets of groups of data for
speed information). In one embodiment, a neural network may be used for the classification, while in other embodiments
various other classification techniques may be utilized, including decision trees, Bayesian classifiers, etc.
[0118] In step 1140, the routine then determines the traffic sensor health status for the selected traffic sensor and
selected time category (in this example as healthy or unhealthy) based on the assessed traffic sensor health and/or
other factors. In some embodiments, the health status for a traffic sensor may be determined to be healthy whenever
the traffic sensor health for the selected time category is assessed as healthy in step 1135. In addition, the health status
for the traffic sensor may be determined to be unhealthy whenever the traffic sensor health for the selected time category
is assessed as unhealthy (e.g., in step 1135), and the selected time category has an associated time-of-day category
that covers a sufficiently large time period (e.g., at least 12 or 24 hours). Furthermore, in some embodiments information
about related time categories (e.g., for one or more prior and/or subsequent time periods) may be retrieved and used,
such as to classify traffic sensor health over a longer period of time (e.g., a day). Such logic may reduce the risk of a
false negative determination of sensor health status (e.g., determining the traffic sensor health status as unhealthy when
in fact the traffic sensor is healthy) based on temporary unusual traffic patterns that the traffic sensor is accurately
reporting.
[0119] For example, false negative determinations may occur due to substantial intra-day variability in data readings
due to external factors (e.g., traffic accidents, weather incidents, etc.). An automobile accident occurring at or near a
particular traffic sensor, for example, may result in that traffic sensor providing atypical and erratic data readings for a
relatively short time period (e.g., one to two hours). If a determination of sensor health status is solely based on data
readings obtained primarily during the time of the disturbance caused by the traffic accident, a false negative determination
will likely result. By basing the determination of unhealthy sensor status on data readings obtained over relatively larger
time periods (e.g., 12 or 24 hours) the risk of such false negative determinations may be reduced. On the other hand,
false positive determinations (e.g., determining the traffic sensor health as healthy when in fact it is unhealthy) may in
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general be less likely, because malfunctioning traffic sensors are unlikely to provide data readings that are similar to
historical data readings (e.g., reflective of ordinary traffic patterns). As such, it may be appropriate to determine a traffic
sensor health status as healthy based on relatively smaller time periods.
[0120] Some embodiments may effect such differential logic by executing the illustrated routine multiple times per day
with time categories reflective of shorter time periods (e.g., executing the routine every three hours with a time category
having a time-of-day category extending over the previous three hours) and at least once per day with a time category
reflective of the entire previous day (e.g., executing the routine at midnight with a time category having a time-of-day
category extending over the previous 24 hours).
[0121] In addition, the determination of sensor health status may be based on other factors, such as whether a sufficient
number of data readings can be obtained for the selected time category (e.g., because the traffic sensor is intermittently
reporting data readings) and/or based on indications of sensor state provided by the traffic sensor (e.g., that the traffic
sensor is stuck).
[0122] In step 1145, the routine provides the determined traffic sensor health status. In some embodiments, the traffic
sensor health status may be stored (e.g., in a database or file system) for later use by other components (e.g., the
Sensor Data Aggregator component 110 of Figure 1) and/or directly provided to other components (e.g., a Data Sample
Outlier Eliminator component). In step 1150, the routine determines whether there are more traffic sensors (or combi-
nations of traffic sensors and time categories) to process. If so, the routine continues to step 1110 to continue, and if
not continues to step 1155 to perform other actions as appropriate. Such other actions may include, for example,
periodically (e.g., once per day, once per week, etc.) recalculating historical data reading distributions (e.g., for the last
120 days) for each of one or more time categories for each of multiple traffic sensors. By periodically recalculating
historical data reading distributions, the routine may continue to provide accurate traffic sensor health status determi-
nations in the face of gradually changing traffic conditions (e.g., due to the initiation or completion of road construction
projects). After step 1155, the routine continues to step 1199 and returns.
[0123] Figure 12 is a flow diagram of an example embodiment of a Sensor Data Reading Error Corrector routine 1200.
The routine may be provided by, for example, execution of the Sensor Data Conditioner component 353 of Figure 3
and/or the Sensor Data Conditioner component 105 of Figure 1, such as to determine corrected data readings for one
or more traffic sensors associated with a road segment. In the illustrated example embodiment, this routine may be
executed periodically (e.g., every 5 minutes) to correct data readings for traffic sensors that have been identified as
unhealthy by the Sensor Data Reading Error Corrector routine. In other embodiments, the routine may be executed on
demand, such as by the Sensor Data Aggregator routine, in order to obtain corrected data readings for a particular road
segment, or instead may not be used in various circumstances. For example, data analysis and correction may be
performed more generally by determining if all data samples (e.g., from multiple data sources, such as of multiple types
that may include traffic sensors and one or more distinct types of mobile data sources) for a particular road segment
provide sufficient data to analyze traffic flow conditions for that road segment, and if so to not perform correction of data
from individual traffic sensors.
[0124] The routine begins at step 1205, where it receives an indication of a road segment with which one or more
traffic sensors are associated (e.g., based on results from the Sensor Data Reading Error Detector routine that one or
more of the associated traffic sensors have been classified as unhealthy), and optionally of one or more time categories
to be processed (e.g., time categories during which at least one of the associated traffic sensors have been classified
as at least potentially being unhealthy). In other embodiments, one or more traffic sensors of interest may be indicated
in other manners, such as by directly receiving indications of one or more traffic sensors. In steps 1210 to 1235, the
routine performs a loop in which it processes unhealthy traffic sensors in the indicated road segment to determine and
provide corrected data readings for those traffic sensors during one or more time categories (e.g., the time categories
indicated in step 1205).
[0125] In step 1210, the routine selects the next unhealthy traffic sensor in the indicated road segment, beginning with
the first. The routine also selects a time category to use, such as one of one or more time categories indicated in step
1205, by selecting one of one or more time categories during which the traffic sensor was previously designated to be
unhealthy, etc. In step 1215, the routine determines whether there are sufficient other traffic sensors in the indicated
road segment that are healthy and may be used to assist in the correction of the readings for the unhealthy traffic sensor
for the selected time category. This determination may be based on whether there are at least a predetermined number
(e.g., at least two) and/or a predetermined percentage (e.g., at least 30%) of healthy traffic sensors in the indicated road
segment during the selected time category, and may further consider the relative location of the healthy traffic sensors
in the indicated road segment (e.g., neighboring or otherwise nearby traffic sensors may be preferred to traffic sensors
that are farther away from the unhealthy traffic sensor). If it is determined in step 1215 that there are sufficient healthy
traffic sensors, the routine continues to step 1220, where it determines a corrected data reading for the unhealthy traffic
sensor based on data readings from other healthy traffic sensors in the road segment for the selected time category. A
corrected data reading may be determined in various ways, such as by calculating the average of two or more data
readings obtained from healthy traffic sensors in the indicated road segment for the selected time category. In some
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embodiments, all healthy traffic sensors may be used for the averaging, while in other embodiments only selected healthy
traffic sensors may be used. For example, if a predetermined percentage (e.g., at least 30%) of traffic sensors in the
indicated road segment are healthy during the selected time category, all healthy traffic sensors may be used for the
averaging, and otherwise only a predetermined number (e.g., at least two) of the nearest healthy traffic sensors may be
used.
[0126] If it is instead determined in step 1215 that there are not sufficient healthy traffic sensors in the indicated road
segment for the selected time category, the routine continues to step 1225, where it attempts to determine a corrected
data reading for the unhealthy traffic sensor based on other information related to the traffic sensor and/or the road
segment. For example, such information may include predicted traffic condition information for the road segment and/or
unhealthy traffic sensor, forecast traffic condition information for the road segment and/or unhealthy traffic sensor, and/or
historical average traffic condition information for the road segment and/or the unhealthy traffic sensor. Various logic
may be implemented to reflect the relative reliability of various types of information. For example, in some embodiments,
predicted traffic condition information may be used in preference to (e.g., so long as it is available) to forecast traffic
condition information, which may in turn be used in preference to historical average traffic condition information. Additional
details related to predicting and forecasting future traffic flow conditions are available in U.S. Patent Application No.
11/367,463, filed March 3, 2006 and entitled "Dynamic Time Series Prediction Of Future Traffic Conditions," which is
hereby incorporated by reference in its entirety. In other embodiments, steps 1215 and 1225 may not be performed,
such as if the data reading correction in step 1220 is always performed based on the best data that is available from
other healthy traffic sensors during the selected time category and/or related time categories. For example, the data
reading correction may be based on all healthy traffic sensors in the indicated road segment for the selected time category
if at least a predetermined percentage (e.g., at least 30%) of those traffic sensors are healthy, or otherwise on the nearest
neighbor healthy traffic sensors in the indicated and/or nearby road segments during the selected time category and/or
related time categories.
[0127] After steps 1220 or 1225, the routine proceeds to step 1230 and provides the determined traffic sensor data
reading for use as a corrected reading for the traffic sensor during the selected time category. In some embodiments,
the determined traffic sensor data reading may be stored (e.g., in a database or file system) for later use by other
components (e.g., the Sensor Data Aggregator component 110 of Figure 1). In step 1235, the routine determines whether
there are additional combinations of traffic sensor and time category to process. If so, the routine returns to step 1210,
and if not proceeds to step 1299 and returns.
[0128] Figure 13 is a flow diagram of an example embodiment of a Sensor Data Reading Aggregator routine 1300.
The routine may be provided by, for example, execution of the Sensor Data Aggregator component 355 of Figure 3
and/or the Sensor Data Aggregator component 110 of Figure 1, such as to determine and provide traffic condition
information for multiple traffic sensors during a particular time category or other time period, such as for multiple traffic
sensors associated with a particular road segment. In the illustrated example embodiment, the routine is performed for
particular road segments, but in other embodiments may aggregate information from other types of groups of multiple
traffic sensors. In addition, this routine may provide traffic condition information that is complementary to information
provided by other routines that perform assessments of traffic condition information (e.g., the Data Sample Flow Assessor
routine), such as to provide traffic condition information in situations in which other routines cannot provide accurate
assessments (e.g., due to insufficient data).
[0129] The routine begins at step 1305 and receives an indication of one or more road segments and of one or more
time categories or other time periods. In step 1310, the routine selects the next road segment of the one or more indicated
road segments, beginning with the first. In step 1315, the routine obtains some or all available traffic sensor data readings
taken during the indicated time period(s) by all traffic sensors associated with the road segment. Such information may
be obtained from, for example, the Sensor Data Conditioner component 105 of Figure 1 and/or the Sensor Data Con-
ditioner component 353 of Figure 1. In particular, the routine may in some cases obtain traffic sensor data readings for
traffic sensors determined to be healthy and/or corrected traffic sensor data readings for traffic sensors determined to
be unhealthy, such as those provided or determined by the Sensor Data Reading Error Corrector routine of Figure 12.
[0130] In step 1320, the routine then aggregates the obtained data readings in one or more of various ways, such as
to determine average speed, volume, and/or occupancy for the road segment during the indicated time period(s). The
average speed may, for example, be determined by averaging data readings that reflect the speed of vehicles passing
over one or more traffic sensors. The traffic volume may be determined with reference to data readings that report vehicle
counts. For example, given a loop sensor that reports a cumulative number of vehicles that have passed over the sensor
since the sensor was activated, a traffic volume may be inferred simply by subtracting two data readings obtained during
the indicated time period and dividing the result by the time interval between the data readings. In addition, the density
may be determined based on the determined average speed, volume, and an average vehicle length, as described in
more detail elsewhere. In some cases, data readings may be weighted in various ways (e.g., by age), such that more
recent data readings have a greater impact than older data readings on an average flow determination.
[0131] In step 1325, the routine then determines whether there are more road segments (or other groups of multiple
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traffic sensors) to process. If so, the routine returns to step 1310, and otherwise proceeds to step 1330 to provide the
determined traffic flow information. In some embodiments, the determined flow information may be stored (e.g., in a
database or file system) for later provision to traffic data clients 109 of Figure 1 and/or the RT Information Provider
system 363 of Figure 3. Next, the routine continues to step 1339 and returns.
[0132] Figure 14 is a flow diagram of an example embodiment of a Traffic Flow Estimator routine 1400. The routine
may be provided by, for example, execution of a Traffic Flow Estimator component (not shown), such as to estimate
various types of traffic flow information for a road segment in various ways. In this example embodiment, the routine
may be invoked by the Data Sample Speed Assessor routine of Figure 6 to obtain estimates of average speed and/or
by the Data Sample Flow Assessor routine of Figure 7 to obtain estimates of volume and/or occupancy, such as in
situations when those routines are unable to obtain sufficient data for otherwise accurately performing their respective
assessments.
[0133] The routine begins at step 1405 and receives an indication of a road segment, one or more time categories or
other time periods, and of one or more types of traffic flow information, such as speed, volume, density, occupancy, etc.
In step 1410, the routine determines whether to estimate the indicated type of traffic flow information based on one or
more related road segments, such as based on whether such road segments have accurate information for the one or
more types of traffic flow information during the one or more indicated time periods. Related road segments may be
identified in various ways. For example, in some cases, information about road segments may include information about
relationships between road segments, such as a first road segment typically having similar traffic patterns to a second
(e.g., neighboring) road segment, such that traffic flow information for the second road segment may be utilized to
estimate traffic flow on the first road segment. In some cases, such relationships may be determined automatically, such
as based on a statistical analysis of the respect traffic flow patterns on the two road segments (e.g., in a manner similar
to that discussed previously with respect to identifying similar data distributions for a given traffic sensor at different
times, but instead analyzing similarity between two or more different traffic sensors, such as at the same time), whether
an analysis that was previously and/or dynamically performed. Alternatively, one or more neighboring road segments
may be selected as being related for an indicated road segment without any determination of a particular relationship
between road segments having been performed. If it is determined to estimate traffic flow information based on related
road segments, the routine proceeds to step 1415 and estimates value(s) for the indicated type(s) of traffic flow information
based on the same type(s) of traffic flow information for the one or more related road segments. For example, average
speed of the road segment may be determined based on the average traffic speed of one or more neighboring road
segments (e.g., by using the traffic speed from one neighboring road segment, or averaging the traffic speeds from two
or more neighboring road segments).
[0134] If it is instead determined in step 1410 not to estimate traffic flow information for the indicated road segment
based on related road segments, the routine continues to step 1420 and determines whether to estimate traffic flow
information for the indicated road segment during the one or more indicated time periods based on predicted information
for the indicated road segment and indicated time periods. In some embodiments, such predicted information may only
be available under certain conditions, such as if predictions are repeatedly made for multiple future times (e.g. every 15
minutes for the next three hours) while accurate current data is available. As such, if accurate input data for generating
predictions becomes available for an extended time (e.g., for more than three hours), it may not be possible to obtain
future traffic condition information predictions that may be utilized by this routine. Alternatively, in some embodiments
such predicted future traffic condition information may not be available for other reasons, such as due to not being used
in that embodiment. If it is determined in step 1420 to estimate traffic flow information based on predicted information,
the routine proceeds to step 1425 and estimates the indicated type(s) of traffic flow information for the indicated road
segment and indicated time period(s) based on predicted information obtained from, for example, the Predictive Traffic
Information Provider system 360 of Figure 3. Additional details related to predicting and forecasting future traffic flow
conditions are available in U.S. Patent Application No. 11/367,463, filed March 3, 2006 and entitled "Dynamic Time
Series Prediction Of Future Traffic Conditions," which is hereby incorporated by reference in its entirety.
[0135] If it is instead determined in step 1420 not to estimate traffic flow information for the indicated segment based
on predicted information (e.g., due to that information not being available), the routine continues to step 1430 and
determines whether to estimate traffic flow information for the indicated road segment during the one or more indicated
time periods based on forecast information for that road segment and time period(s). In some embodiments, traffic
conditions may be forecast for future times beyond those for which traffic conditions are predicted, such as in a manner
that does not use at least some current condition information. As such, if predicted information is not available (e.g.,
because accurate input data for generating predictions has not been available for more than three hours), it still may be
possible to utilize forecast information, such as information generated significantly in advance. If it is determined in step
1430 to estimate traffic flow information based on forecast information, the routine proceeds to step 1435 and estimates
the indicated type(s) of traffic flow information for the indicated road segment and time period(s) based on forecast
information obtained from, for example, the Predictive Traffic Information Provider system 360.
[0136] If it is instead determined in step 1430 not to estimate traffic flow information for the indicated road segment
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based on forecast information (e.g., due to the information not being available), the routine continues to step 1440 and
estimates the indicated type(s) of traffic flow information for the indicated road segments and time period(s) based on
historical average flow information for the indicated road segment (e.g., for the same or corresponding time periods,
such as based on time categories that include a time-of-day category and/or day-of-week category). For example, if
forecast information is unavailable (e.g., because input data has been unavailable for longer than the period for which
the most recent prediction and forecast was generated, such that neither new predictions nor new forecasts can be
generated), the routine may use historical average flow information for the indicated road segment. Additional details
related to generating historical average flow information are available in U.S.Patent Application No._ (Attorney Docket
Number 480234.410P1), filed concurrently and entitled "Generating Representative Road Traffic Flow Information From
Historical Data," which is hereby incorporated by reference in its entirety.
[0137] After steps 1415, 1425, 1435, or 1440, the routine proceeds to step 1445 and provides estimated traffic flow
information of the indicated type(s) for the indicated road segment and indicated time period(s). The provided information
may, for example, be returned to a routine (e.g., the Data Sample Flow Assessor routine) that called the routine and/or
be stored (e.g., in a database or file system) for later utilization. After step 1445, the routine continues to step 1499 and
returns.
[0138] Figures 9A-9C illustrate examples of actions of mobile data sources in obtaining and providing information
about road traffic conditions. Information about road traffic conditions may be obtained from mobile devices (whether
vehicle-based devices and/or user devices) in various ways, such as by being transmitted using a wireless link (e.g.,
satellite uplink, cellular network, WI-FL, packet radio, etc.) and/or physically downloaded when the device reaches an
appropriate docking or other connection point (e.g., to download information from a fleet vehicle once it has returned to
its primary base of operations or other destination with appropriate equipment to perform the information download).
While information about road traffic conditions at a first time that is obtained at a significantly later second time provides
various benefits (e.g., verifying predictions about the first time, for use as observed case data in later improving a
prediction process, etc.), such as may be the case for information that is physically downloaded from a device, such
road traffic condition information provides additional benefits when obtained in a realtime or near-realtime manner.
Accordingly, in at least some embodiments mobile devices with wireless communication capabilities may provide at
least some acquired information about road traffic conditions on a frequent basis, such as periodically (e.g., every 30
seconds, 1 minute, 5 minutes, etc.) and/or when a sufficient amount of acquired information is available (e.g., for every
acquisition of a data point related to road traffic condition Information; for every N acquisitions of such data, such as
where N is a configurable number; when the acquired data reaches a certain storage and/or transmission size; etc.). In
some embodiments, such frequent wireless communications of acquired road traffic condition information may further
be supplemented by additional acquired road traffic condition information at other times (e.g., upon a subsequent physical
download from a device, via less-frequent wireless communications that contain a larger amount of data, etc.), such as
to include additional data corresponding to each data point, to include aggregated information about multiple data points,
etc.
[0139] While various benefits are provided by obtaining acquired road traffic condition information from mobile devices
in a realtime or other frequent manner, in some embodiments such wireless communications of acquired road traffic
condition information may be restricted in various ways. For example, in some cases the cost structure of transmitting
data from a mobile device via a particular wireless link (e.g., satellite uplink) may be such that transmissions occur at
less-frequent intervals (e.g., every 15 minutes), or the mobile devices may have been pre-programmed to transmit at
such intervals. In other cases, a mobile device may temporarily lose an ability to transmit data over a wireless link, such
as due to a lack of wireless coverage in an area of the mobile device (e.g., due to no nearby cell phone receiver station),
due to other activities being performed by the mobile device or a user of the device, or due to a temporary problem with
the mobile device or an associated transmitter.
[0140] Accordingly, in some embodiments at least some such mobile devices may be designed or otherwise configured
to store multiple data samples (or to cause such multiple data samples to be stored on another associated device) so
that at least some information for the multiple data samples may be transmitted together during a single wireless trans-
mission. For example, in some embodiments at least some mobile devices are configured to store acquired road traffic
condition information data samples during periods when the mobile device is unable to transmit data over a wireless
link (e.g., such as for a mobile device that typically transmits each data sample individually, such as every 30 seconds
or 1 minute), and to then transmit those stored data samples together (or a subset and/or aggregation of those samples)
during the next wireless transmission that occurs. Some mobile devices may also be configured to perform wireless
transmissions periodically (e.g., every 15 minutes, or when a specified amount of data is available to be transmitted),
and in at least some embodiments may further be configured to acquire and store multiple data samples of road traffic
condition information (e.g., at a pre-determined sampling rate, such as 30 seconds or a minute) over the time interval
between wireless transmissions and to then similarly transmit those stored data samples together (or a subset and/or
aggregation of those samples) during the next wireless transmission. As one example, if a wireless transmission of up
to 1000 units of information costs $0.25 and each data sample is 50 units in size, it may be advantageous to sample
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every minute and send a data set comprising 20 samples every 20 minutes (rather than sending each sample individually
each minute). In such embodiments, while data samples may be delayed slightly (in the example of the periodic trans-
missions, by on average half of the time period between transmissions, assuming regular acquisitions of the data
samples), the road traffic condition information obtained from the transmissions still provides near-realtime information.
Moreover, in some embodiments additional information may be generated and provided by a mobile device based on
multiple stored data samples. For example, if a particular mobile device is able to acquire only information about a current
instant position during each data sample, but is not able to acquire additional related information such as speed and/or
direction, such additional related information may be calculated or otherwise determined based on multiple subsequent
data samples.
[0141] In particular, Figure 9A depicts an example area 955 with several interconnected roads 925, 930, 935 and 940,
and a legend indication 950 indicates the direction of North for the roads (with roads 925 and 935 running in a north-
south direction, and with roads 930 and 940 running in an east-west direction). While only a limited number of roads are
indicated, they may represent a large geographic area, such as interconnected freeways over numerous miles, or a
subset of city streets spanning numerous blocks. In this example, a mobile data source (e.g., a vehicle, not shown) has
traveled from location 945a to 945c over a period of 30 minutes, and is configured to acquire and transmit a data sample
indicating current traffic conditions each 15 minutes. Accordingly, as the mobile data source begins to travel, it acquires
and transmits a first data sample at location 945a (as indicated in this example by an asterisk "*"), acquires and transmits
a second data sample 15 minutes later at location 945b, and acquires and transmits a third data sample a total of 30
minutes later at location 945c. In this example, each data sample includes an indication of current position (e.g., in GPS
coordinates), current direction (e.g., northbound), current speed (e.g., 30 miles per hour), and current time, as represented
for the 945a transmission using data values Pa, Da, Sa and Ta, and may optionally include other information as well
(e.g., an identifier to indicate the mobile data source). While such acquired and provided current traffic conditions infor-
mation provides some benefit, numerous details cannot be determined from such data, including whether the route from
location 945b to 945c occurred in part along road 930 or along 940. Moreover, such sample data does not allow, for
example, portions of road 925 between locations 945a and 945b to be treated as distinct road segments for which distinct
traffic conditions can be reported and predicted.
[0142] In a manner similar to Figure 9A, Figure 9B depicts an example 905 with a mobile data source traveling over
the interconnected roads 925, 930, 935 and 940 from location 945a to 945c over a period of 30 minutes, and with the
mobile data source transmitting information about traffic conditions each 15 minutes (as indicated by the asterisks shown
at locations 945a, 945b and 945c). However, in this example the mobile data source is configured to acquire and store
data samples every minute, with a subsequent transmission including data from each of the data samples during the
prior 15 minutes. Accordingly, as the mobile data source travels between location 945a and 945b, the mobile data source
acquires a set 910b of 15 data samples 910b1-910b15, with each data sample indicated in this example with an arrow
pointed in the direction of the mobile data source at the time of the data sample. In this example, each data sample
similarly includes an indication of current position, current direction, current speed, and current time, and the subsequent
transmission at location 945b includes those data values for each of the data samples 910b. Similarly, as the mobile
data source travels between location 945b and 945c, the mobile data source acquires 15 data samples 910c1-910c15,
and the subsequent transmission at location 945c includes the acquired data values for each of those 15 data samples.
By providing such additional data samples, various additional information may be obtained. For example, it is now easily
determined that the route from location 945b to 945c occurred in part along road 930 rather than road 940, allowing
corresponding traffic condition information to be attributed to road 930. In addition, particular data samples and their
adjacent data samples may provide various information about smaller sections of roads, such as to allow road 925
between locations 945a and 945b to be represented as, for example, up to 15 distinct road segments (e.g., by associating
each data sample with a distinct road segment) that each has potentially distinct road traffic conditions. For example, it
can be visually observed that the average speed for data samples 910b1-910b6 is approximately static (since the data
samples are approximately equally spaced), that the average speed increased for data samples 910b7 and 910b8 (since
the data samples correspond to locations that are farther apart, reflecting that greater distance was traveled during the
given 1-minute interval between data samples for this example), and that the average speed decreased for data samples
910b11-910b15. While the data samples in this example provide information about such speed directly, in other embod-
iments such speed information may be derived from data sample information that includes only current position.
[0143] Figure 9C depicts a third example 990 with a mobile data source traveling over a portion of the interconnected
roads from location 965a to 965c over a period of 30 minutes, and with the mobile data source transmitting information
about traffic conditions each 15 minutes (as indicated by the asterisks shown at locations 965a, 965b and 965c). As in
Figure 9C, the mobile data source is configured in this example to acquire and store data samples every minute, with
a subsequent transmission including data from each of at least some of the data samples during the prior 15 minutes.
Accordingly, as the mobile data source travels between location 965a and 965b, the mobile data source acquires a set
960b of 15 data samples 960b1-960b15. However, as is illustrated by co-located data samples 960b5-b13 (with circles
used in this instance rather than arrows because no movement was detected for these data samples, but shown separately
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rather than on top of each other for the purposes of clarity), in this example the mobile data source has stopped for
approximately 9 minutes at a location to the side of road 925 (e.g., to stop at a coffee shop). Accordingly, when the next
transmission at location 965b occurs, the transmission may in some embodiments include all of the information for all
of the data samples, or may instead omit at least some such information (e.g., to omit information for data samples
960b6-960b12, since in this situation they do not provide additional useful information if it is known that the mobile data
source remained immobile between data samples 960b5 and 960b13). Moreover, while not illustrated here, in other
embodiments in which the information for one or more such data samples is omitted, the subsequent transmission may
be delayed until 15 data samples to be transmitted are available (e.g., if the periodic transmissions are performed based
on amount of data to send rather than time). Moreover, as the mobile data source travels between location 965b and
965c, the mobile data source acquires data samples 960c13 and 960c14 in an area in which wireless communications
are not currently available (as indicated in this example with open circles rather than arrows). In other embodiments in
which each data sample is individually transmitted when acquired but is not otherwise saved, these data samples would
be lost, but in this example are instead stored and transmitted along with the other data samples 960c1-960c12 and
960c15 at location 965c. While not shown here, in some situations a mobile data source may further temporarily lose
the ability to obtain one or more data samples using a primary means of data acquisition (e.g., if a mobile data source
loses the ability to obtain GPS readings for a few minutes) - if so, the mobile data source may in some embodiments
report the other obtained data samples without further action (e.g., such as to allow the recipient to interpolate or otherwise
estimate those data samples if so desired), while in other embodiments may attempt to obtain data samples in other
manners (e.g., by using a less accurate mechanism to determine location, such as cellphone tower triangulation, or by
estimating current location based on a prior known location and subsequent average speed and heading, such as via
dead reckoning), even if those data samples have less precision or accuracy (e.g., which may be reflected by including
a lesser degree of confidence or higher degree of possible error to those data samples, or by otherwise including an
indication of how those and/or other data samples were generated).
[0144] While the example data samples in each of Figures 9B and 9C are illustrated for a single vehicle or other mobile
data source for the purposes of clarity, in other embodiments the multiple data samples for a particular mobile data
source may not be used to determine a particular route taken by that mobile data source, and more generally may not
even be associated with each other (e.g., if the source of each mobile data sample is anonymous or otherwise undiffer-
entiated from other sources). For example, if multiple data samples from a particular mobile data source are not used
by a recipient to generate aggregate data related to those data samples (e.g., to generate speed and/or direction
information based on successive data samples that provide only location information), such as when such aggregate
data is included with each data sample or is not used, such a recipient may not be provided in some embodiments with
identifying data related to the source of the mobile data samples and/or with indications that the multiple data samples
are from the same mobile data source (e.g., based on a design decision to increase privacy related to the mobile data
sources).
[0145] Instead, in at least some such embodiments, multiple mobile data sources are used together to determine road
condition information of interest, such as to use multiple data samples from all mobile data sources for a particular road
segment (or other portion of a road) to determine aggregate information for that road segment. Thus, for example, during
a period of time of interest (e.g., 1 minute, 5 minutes, 15 minutes, etc.), numerous unrelated mobile data sources may
each provide one or more data samples related to their own travel on a particular road segment during that time period,
and if each such data sample includes speed and direction information (for example), an average aggregate speed may
be determined for that time period and that road segment for all mobile data sources that are generally moving in the
same direction, such as in a manner similar to a road sensor that aggregates information for multiple vehicles passing
the sensor. A particular data sample may be associated with a particular road segment in various ways, such as by
associating the data sample location with the road (or road segment) having the nearest location (whether for any road,
or only for roads meeting specified criteria, such as being of one or more indicated functional road classes) and then
selecting the appropriate road segment for that road, or by using an indication provided by a mobile data source along
with a data sample of an associated road (or road segment). In addition, in at least some embodiments roads other than
1-way roads will be treated as distinct roads for the purposes of assigning data samples to roads and for other purposes
(e.g., to treat the northbound lanes of a freeway as being a distinct road from the southbound lanes of the freeway), and
if so the direction for a mobile data sample may further be used to determine the appropriate road with which the data
sample is associated - in other embodiments, however, roads may be modeled in other manners, such as to treat a two-
way city street as a single road (e.g., with average traffic conditions being reported and predicted for vehicles moving
in both directions), to treat each lane of a multiple lane freeway or other road as a distinct logical road, etc.
[0146] In some embodiments, to facilitate the use of multiple mobile data sources to determine road condition infor-
mation of interest, fleet vehicles may be configured in various ways to provide data samples of use. For example, if a
large fleet of vehicles will each leave the same origination point at a similar time each day, various of the fleet vehicles
may be configured differently regarding how soon and how often to begin providing data samples, such as to minimize
a very large number of data points all near the single origination point and/or to provide variability in when data samples
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will be acquired and transmitted. More generally, a mobile data source device may be configured in various ways
regarding how and when to acquire data samples, induing based on total distance covered since a starting point (e.g.,
an origination point for a group of fleet vehicles), distance covered since a last data sample acquisition and/or transmission,
total time elapsed since a starting time (e.g., a departure time of a fleet vehicle from an origination point), time elapsed
since a last data sample acquisition and/or transmission, an indicated relationship having occurred with respect to one
or more indicated locations (e.g., passing by, arriving at, departing from, etc.), etc. Similarly, a mobile data source device
may be configured in various ways regarding how and when to transmit or otherwise provide one or more acquired data
samples, such as when predefined conditions are satisfied, including based on total distance covered since a starting
point, distance covered since a last data sample acquisition and/or transmission, total time elapsed since a starting time,
time elapsed since a last data sample acquisition and/or transmission, an indicated relationship having occurred with
respect to one or more indicated locations, an indicated number of data samples having been gathered, an indicated
amount of data having been gathered (e.g., an amount such as to fill or substantially fill a cache used to store the data
samples on the mobile device, or an amount such as to fill or substantially fill an indicated amount of time for a trans-
mission), etc.
[0147] Figure 8 is a flow diagram of an example embodiment of a Mobile Data Source Information Provision routine
800, such as may be provided by, for example, operation of a mobile data source device for each of one or more of the
vehicle-based data sources 384 of Figure 3 and/or other data sources 388 (e.g., user devices) of Figure 3 and/or vehicle-
based data sources 101 of Figure 1 and/or other data sources 102 of Figure 1. In this example, the routine acquires
data samples for a particular mobile data source to indicate current traffic conditions, and stores the data samples as
appropriate such that a subsequent transmission may include information for multiple data samples.
[0148] The routine begins at step 805, where parameters are retrieved that will be’ used as part of the data sample
acquisition and providing, such as configurable parameters to indicate when data samples should be acquired and when
transmissions should occur with information corresponding to one or more data samples. The routine continues to step
810 to wait until it is time to acquire a data sample, such as based on the retrieved parameters and/or other information
(e.g., an indicated amount of time having passed since a prior data sample acquisition, an indicated distance having
been traveled since a prior data sample acquisition, an indication to acquire data samples in a substantially continuous
manner, etc.). The routine then continues to step 815 to acquire a data sample based on the current location and
movement of the mobile data source, and stores the data sample in step 820. If it is determined in step 825 that it is not
yet time to transmit data, such as based on the retrieved parameters and/or other information (e.g., an indicated amount
of time having passed since a prior transmission, an indicated distance having been traveled since a prior transmission,
an indication to transmit data samples as soon as they become available or in a substantially continuous manner, etc.),
the routine returns to step 810.
[0149] Otherwise, the routine continues to step 830 to retrieve and select any stored data samples since the prior
transmission (or since startup, for the first transmission). The routine then optionally in step 835 generates aggregated
data based on multiple of the selected data samples (e.g., an overall average speed for all of the data samples, an
average speed and a direction for each data sample if the acquired information provides only location information, etc.),
although in other embodiments such aggregated data generation may not be performed. In step 840, the routine then
optionally removes some or all of the acquired information for some or all of the data samples from the selected set of
data samples (e.g., to transmit only selected types of data for each data sample, to remove data samples that appear
to be outliers or otherwise erroneous, to remove data samples that do not correspond to actual movement of the mobile
data source, etc.), although in other embodiments such information removal may not be performed. In step 845, the
routine then transmits the current information in the current set of data samples and any aggregated information to a
recipient that will use the data in an appropriate manner. In step 895, the routine determines whether to continue (e.g.,
whether the mobile data source continues to be in use and mobile), and if so returns to step 810. Otherwise, the routine
continues to step 899 and ends. in embodiments and situations in which a mobile data source is not able to transmit
data, whether due to temporary conditions or instead to reflect configuration of or limitations of the mobile data source,
the steps 830-845 may not be performed until such time as the mobile data source is able to transmit or otherwise
provide (e.g., via physical download) some or all of the data samples that have been acquired and stored since a prior
transmission.
[0150] As previously noted, once information about road traffic conditions has been obtained, such as from one or
more mobile data sources and/or one or more other sources, the road traffic conditions information may be used in
various ways, such as to report current road traffic conditions in a substantially realtime manner, or to use past and
current road traffic condition information to predict future traffic conditions at each of multiple future times. In some
embodiments, the types of input data used to generate predictions of future traffic conditions may include a variety of
current, past, and expected future conditions, and outputs from the prediction process may include the generated pre-
dictions of the expected traffic conditions on each of multiple target road segments of interest for each of multiple future
times (e.g., every 5, 15 or 60 minutes in the future) within a pre-determined time interval (e.g., three hours, or one day),
as discussed in greater detail elsewhere. For example, types of input data may include the following: information about
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current and past amounts of traffic for various target road segments of interest in a geographic area, such as for a
network of selected roads in the geographic area; information about current and recent traffic accidents; information
about current, recent and future road work; information about current, past and expected future weather conditions (e.g.,
precipitation, temperature, wind direction, wind speed, etc.); information about at least some current, past and future
scheduled events (e.g., type of event, expected start and end times of the event, and/or a venue or other location of the
event, etc., such as for all events, events of indicated types, events that are sufficiently large, such as to have expected
attendance above an indicated threshold (for example, 1000 or 5000 expected attendees), etc.); and information about
school schedules (e.g., whether school is in session and/or the location of one or more schools). In addition, while in
some embodiments the multiple future times at which future traffic conditions are predicted are each points in time, in
other embodiments such predictions may instead represent multiple time points (e.g., a period of time), such as by
representing an average or other aggregate measure of the future traffic conditions during those multiple time points.
Furthermore, some or all of the input data may be known and represented with varying degrees of certainty (e.g., expected
weather), and additional information may be generated to represent degrees of confidence in and/or other metadata for
the generated predictions. In addition, the prediction of future traffic conditions may be initiated for various reasons and
at various times, such as in a periodic manner (e.g., every five minutes), when any or sufficient new input data is received,
in response to a request from a user, etc.
[0151] Some of the same types of input data may be used to similarly generate longer-term forecasts of future traffic
conditions (e.g., one week in the future, or one month in the future) in some embodiments, but such longer-term forecasts
may not use some of the types of input data, such as information about current conditions at the time of the forecast
generation (e.g., current traffic, weather, or other conditions). In addition, such longer-term forecasts may be generated
less frequently than shorter-term predictions, and may be made so as to reflect different future time periods than for
shorter-term predictions (e.g., for every hour rather than every 15 minutes).
[0152] The roads and/or road segments for which future traffic condition predictions and/or forecasts are generated
may also be selected in various manners in various embodiments. In some embodiments, future traffic condition pre-
dictions and/or forecasts are generated for each of multiple geographic areas (e.g., metropolitan areas), with each
geographic area having a network of multiple inter-connected roads - such geographic areas may be selected in various
ways, such as based on areas in which current traffic condition information is readily available (e.g., based on networks
of road sensors for at least some of the roads in the area) and/or in which traffic congestion is a significant problem. In
some such embodiments, the roads for which future traffic condition predictions and/or forecasts are generated include
those roads for which current traffic condition information is readily available, while in other embodiments the selection
of such roads may be based at least in part on one or more other factors (e.g., based on size or capacity of the roads,
such as to include freeways and major highways; based on the role the roads play in carrying traffic, such as to include
arterial roads and collector roads that are primary alternatives to larger capacity roads such as freeways and major
highways; based on functional class of the roads, such as is designated by the Federal Highway Administration; etc.).
In other embodiments, future traffic condition predictions and/or forecasts may be made for a single road, regardless of
its size and/or inter-relationship with other roads. In addition, segments of roads for which future traffic condition predic-
tions and/or forecasts are generated may be selected in various manners, such as to treat each road sensor as a distinct
segment; to group multiple road sensors together for each road segment (e.g., to reduce the number of independent
predictions and/or forecasts that are made, such as by grouping specified numbers of road sensors together); to select
road segments so as to reflect logically related sections of a road in which traffic conditions are typically the same or
sufficiently similar (e.g., strongly correlated), such as based on traffic condition information from traffic sensors and/or
from other sources (e.g., data generated from vehicles and/or users that are traveling on the roads, as’discussed in
greater detail elsewhere); etc.
[0153] In addition, future traffic condition prediction and/or forecast information may be used in a variety of ways in
various embodiments, as discussed in greater detail elsewhere, including to provide such information to users and/or
organizations at various times (e.g., in response to requests, by periodically sending the information, etc.) and in various
ways (e.g., by transmitting the information to cellular telephones and/or other portable consumer devices; by displaying
information to users, such as via Web browsers and/or application programs; by providing the information to other
organizations and/or entities that provide at least some of the information to users, such as third parties that perform
the information providing after analyzing and/or modifying the information; etc.). For example, in some embodiments,
the prediction and/or forecast information is used to determine suggested travel routes and/or times, such as an optimal
route between a starting location and an ending location over a network of roads and/or an optimal time to perform
indicated travel, with such determinations based on predicted and/or forecast information at each of multiple future times
for one or more roads and/or road segments.
[0154] In addition, various embodiments provide various mechanisms for users and other clients to interact with one
or more of the traffic information systems (e.g., the Data Sample Manager system 350, RT Information Provider system
363, and/or Predictive Traffic Information Provider system 360 of Figure 3, etc.). For example, some embodiments may
provide an interactive console (e.g. a client program providing an interactive user interface, a Web browser-based
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interface, etc.) from which clients can make requests and receive corresponding responses, such as requests for infor-
mation related to current and/or predicted traffic conditions and/or requests to analyze, select, and/or provide information
related to travel routes. In addition, some embodiments provide an API ("Application Programmer Interface") that allows
client computing systems to programmatically make some or all such requests, such as via network message protocols
(e.g., Web services) and/or other communication mechanisms.
[0155] Those skilled in the art will also appreciate that in some embodiments the functionality provided by the routines
discussed above may be provided in alternative ways, such as being split among more routines or consolidated into
fewer routines. Similarly, in some embodiments illustrated routines may provide more or less functionality than is de-
scribed, such as when other illustrated routines instead lack or include such functionality respectively, or when the
amount of functionality that is provided is altered. In addition, while various operations may be illustrated as being
performed in a particular manner (e.g., in serial or in parallel) and/or in a particular order, those skilled in the art will
appreciate that in other embodiments the operations may be performed in other orders and in other manners. Those
skilled in the art will also appreciate that the data structures discussed above may be structured in different manners,
such as by having a single data structure split into multiple data structures or by having multiple data structures consol-
idated into a single data structure. Similarly, in some embodiments illustrated data structures may store more or less
information than is described, such as when other illustrated data structures instead lack or include such information
respectively, or when the amount or types of information that is stored is altered.
[0156] From the foregoing it will be appreciated that, although specific embodiments have been described herein for
purposes of illustration, various modifications may be made without deviating from the spirit and scope of the invention.
Accordingly, the invention is not limited except as by the appended claims and the elements recited therein. In addition,
while certain aspects of the invention are discussed in certain claim forms, the inventors contemplate the various aspects
of the invention in any available claim form. For example, while only some aspects of the invention may currently be
recited as being embodied in a computer-readable medium, other aspects may likewise be so embodied.

The following is a list of further preferred embodiments of the invention:

[0157]

1. A computer-implemented method for determining estimated average speed information for vehicles traveling on
roads based on data samples that reflect travel on those roads, the method comprising: receiving indications of one
or more segments of one or more roads, each road segment having multiple associated data samples that each
reflect a reported speed of a vehicle on the road segment at a reported time; for each of at least one of the road
segments, automatically estimating an average traffic speed of vehicles traveling on the road segment during a
period of time by, identifying a group of the multiple data samples associated with the road segment whose reported
times occur during the period of time; determining weights for the data samples of the group based on one or more
attributes of those data samples that affect accuracy of the reported speeds of those data samples; and determining
the estimated average traffic speed of vehicles traveling on the road segment during the period of time based at
least in part on a weighted average of the reported speeds of the data samples of the group, the weighted average
calculated using the determined weights; and using one or more of the estimated average traffic speeds to facilitate
travel on the one or more roads.

2. The method of embodiment 1 wherein the received indications of the one or more segments of the one or more
roads include indications of multiple road segments of the one or more roads, wherein the automatic estimating of
the average traffic speed of the vehicles traveling on each of the at least one road segments during a period of time
is performed <’>for each of multiple periods of time, wherein identifying the group of the multiple data samples
associated with at least one road segment whose reported times occur during a period of time includes: receiving
information related to current traffic conditions of the multiple road segments during the period of time, the received
information including a plurality of data samples for the period of time that each are reported from one of multiple
vehicles and reflect a reported speed of the one vehicle at a reported location on one of the road segments at a
reported time during the period of time, the multiple vehicles being a subset of all vehicles traveling on the road
segments during the period of time, the received information further including a plurality of additional data samples
for the period of time that each are reported from one of multiple traffic sensors monitoring the multiple road segments
and reflect a reported speed based on one or more speed readings for one or more vehicles at a location on one
of the road segments for one or more reported times during the period of time; and for each of the multiple road
segments, identifying a group of multiple data samples for the road segment for the period of time, the multiple data
samples being from at least one of the plurality of data samples and the plurality of additional data samples, and
wherein the one or more attributes of the data samples of the group on which the weights for the data samples are
determined include recency of the reported time of a data sample and a source of a data sample, such that data
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samples whose reported times are less recent are given less weight than data samples whose reported times are
more recent, and such that data samples reported from vehicles on the one or more roads are given differing weights
than data samples reported from traffic sensors, so that average traffic speeds are determined for road segments
based on data samples reflecting actual vehicle travel on the road segments that are weighted to reflect recency of
the data samples and source of the data samples.

3. The method of embodiment 2 wherein, for each of at least one of the periods of time and each of at least one of
the road segments, the identified group of multiple data samples for the road segment for the period of time includes
multiple data samples from the plurality of data samples for the period of time whose reported locations are on the
road segment and includes multiple data samples from the plurality of additional data samples for the period of time
whose locations are on the road segment.

4. The method of embodiment 2 wherein, for each of at least one of the periods of time and each of at least one of
the road segments, the determining of the weight for each of the data samples of the group is further based at least
in part on an expected accuracy of the reported speed for the data sample, such that data samples whose reported
speeds have lower expected accuracy are given less weight than data samples whose reported speeds have higher
expected accuracy.

5. The method of embodiment 4 wherein, for the at least one periods of time and the at least one road segments,
the determining of the weight for each of the data samples of the group is performed using an exponential weighting
function, such that data samples whose reported speeds have lower expected accuracy are given exponentially
less weight than data samples whose reported speeds have higher expected accuracy.

6. The method of embodiment 2 further comprising, for each of at least one of the periods of time and each of at
least one of the road segments, dividing the period of time into multiple overlapping time windows and performing
the estimating of the average traffic speed of vehicles traveling on the road segment during the period of time for
each of the time windows using the data samples whose reported times are during the time window, such that at
least some of the data samples are used for multiple time windows and are given differing determined weights for
those time windows.

7. The method of embodiment 2 wherein, for each of at least one of the periods of time and each of at least one of
the road segments, the determining of the estimated average traffic speed of vehicles traveling on the road segment
during the period of time includes generating a confidence value for the estimated average traffic speed to reflect
a degree of possible error in the estimated average traffic speed, and wherein the using of the oe or more estimated
average traffic speeds for the period of time includes using the generated confidence values to facilitate future travel
on the one or more roads.

8. The method of embodiment 2 wherein the estimating of the average traffic speed of vehicles traveling on a road
segment during a period of time is performed using recently received data samples in a realtime manner, and wherein
the using of the one or more estimated average traffic speeds for the period of time is further performed in a
substantially realtime manner so as to facilitate imminent future travel on the one or more roads.

9. The method of embodiment 8 wherein the using of the one or more estimated average traffic speeds for a period
of time to facilitate travel on the one or more roads includes inferring traffic volume for at least one road segment
of the one or more roads based in part on the estimated average traffic speeds and providing information about the
estimated average traffic speeds and the inferred traffic volumes to one or more people considering upcoming travel
on the one or more roads.

10. The method of embodiment 1 wherein, for each of one or more of the at least some road segments, the one or
more attributes of the data samples of the group that are used for the determining of the weights include recency
of the reported times for the data samples.

11. The method of embodiment 10 wherein the determining of the weights for data samples based on recency of
the reported times for the data samples is performed such that data samples whose reported times are less recent
are given less weight than data samples whose reported times are more recent.

12. The method of embodiment 1 wherein, for each of one or more of the at least some road segments, the data
samples associated with the road segment include data samples supplied from multiple sources, and wherein the
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one or more attributes of the data samples of the group that are used for the determining of the weights include the
sources of the data samples.

13. The method of embodiment 12 wherein, for each of at least one of the one or more road segments, one of the
multiple sources for the data samples include one or more vehicles that are traveling on the road segment and that
report data samples based on the traveling, and another of the multiple sources for the data samples include one
or more traffic sensors that monitor the road segment and that report data samples based on readings that reflect
passing vehicles.

14. The method of embodiment 12 wherein, for each of at least one of the one or more road segments, the multiple
sources for the data samples include multiple vehicles that are traveling on the road segment and that each report
one or more data samples to reflect a location and/or speed of the vehicle.

15. The method of embodiment 12 wherein, for each of at least one of the one or more road segments, the multiple
sources for the data samples include multiple traffic sensors that monitor the road segment and that each report
one or more data samples based on readings that each reflect one or more passing vehicles.

16. The method of embodiment 12 further comprising, for each of at least one of the one or more road segments,
assessing reliability of each of the multiple sources for the data samples for the road segment, and wherein the
determining of the weight for those data samples based on the sources of the data samples is performed such that
data samples whose sources have lower assessed reliability are given less weight than data samples whose sources
have higher assessed reliability.

17. The method of embodiment 1 wherein, for each of one or more of the at least some road segments, the one or
more attributes of the data samples of the group that are used for the determining of the weights include a total
quantity of the data samples of the group.

18. The method of embodiment 1 wherein, for each of one or more of the at least some road segments, the determining
of the weights for the data samples of the group is performed such that data samples whose attributes reflect lower
expected accuracy are given less weight than data samples whose attributes reflect higher expected accuracy.

19. The method of embodiment 1 wherein, for each of one or more of the at least some road segments, the determining
of the weights for the data samples of the group uses exponential weighting.

20. The method of embodiment 1 wherein, for each of one or more of the at least some road segments, the determining
of the weights for the data samples of the group is further based on one or more current conditions.

21. The method of embodiment 20 wherein the current conditions include at least one of a recent traffic accident,
a sporting event, a current time-of-day, a current day-of-week, a current day-of-month, a current week-of-month,
and a current month-of-year.

22. The method of embodiment 1 wherein, for each of one or more of the at least some road segments, the data
samples associated with the road segment of the identified group are data samples supplied from one or more
vehicles that are traveling on the road segment during the period of time and that report the data samples based
on the traveling, the one or more vehicles being a subset of all vehicles traveling on the road segment during the
period of time, and wherein the estimated average traffic speed of vehicles traveling on the road segment during
the period of time is determined in such a manner as to estimate the average traffic speed of all the vehicles traveling
on the road segment during the period of time.

23. The method of embodiment 1 wherein, for each of one or more of the at least some road segments, the estimating
of the average traffic speed of vehicles traveling on the road segment during a period of time is performed for each
of multiple distinct periods of time.

24. The method of embodiment 1 wherein, for each of one or more of the at least some road segments, the estimating
of the average traffic speed of vehicles traveling on the road segment during a period of time is performed for each
of multiple overlapping time windows during the period of time, such that at least some of the associated data
samples for the road segment are used for each of multiple of the time windows.
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25. The method of embodiment 24 wherein, for at least one of the one or more road segments, the multiple overlapping
time windows during the period of time are modified to reflect one or more current conditions.

26. The method of embodiment 1 wherein, for each of one or more of the at least some road segments, the estimating
of the average traffic speed of vehicles traveling on the road segment during the period of time includes determining
a confidence value for the estimated average traffic speed, and wherein the using of the one or more estimated
average traffic speeds includes using one or more of the determined confidence values to facilitate future travel on
the one or more roads.

27. The method of embodiment 1 wherein the using of the one or more estimated average traffic speeds includes
inferring traffic volume for at least one of the road segments based in part on the one or more estimated average
traffic speeds.

28. The method of embodiment 1 wherein the using of the one or more estimated average traffic speeds includes
providing indications of the one or more estimated average traffic speed to one or more people to facilitate decisions
by the people regarding travel on the one or more roads.

29. The method of embodiment 28 wherein the determining of the one or more estimated average traffic speeds
and the using of the one or more estimated average traffic speeds’ is performed in a substantially realtime manner
relative to receiving the data samples used for the determining, so as to enable substantially realtime decisions by
the people.

30. The method of embodiment 1 wherein the automatic estimating of at least one of the estimated average traffic
speeds is performed in a substantially realtime manner.

31. The method of embodiment 1 wherein, for each of one or more of the at least some road segments, the determining
of the estimated average traffic speed of vehicles traveling on the road segment during the period of time based at
least in part on a weighted average of the reported speeds of the data samples of the group is performed only if the
identified group of multiple data samples associated with the road segment is sufficiently large that a statistical
validity of the weighted average of the reported speeds exceeds a threshold.

32. A computer-readable medium whose contents enable a computing device to estimate average speed information
for traveling vehicles, by performing a method comprising: receiving an indication of multiple data samples that each
reflect a speed of one of multiple vehicles traveling on a road; estimating an average traffic speed of vehicles traveling
on the road based at least in part on combining the speeds of the data samples in a weighted manner using weights
associated with the data samples, the associated weights including multiple distinct weights; and providing an
indication of the estimated average traffic speed for use in facilitating travel on the road.

33. The computer-readable medium of embodiment 32 wherein the multiple data samples each have a reported
time associated with the speed, wherein the estimated average traffic speed is for vehicles traveling on the road
during a period of time that includes the reported times, wherein the estimating of the average traffic speed of
vehicles traveling on the road includes determining the weights associated with each of the data samples in such
a manner as to reflect expected accuracy of the speeds of those data samples, and wherein the combining of the
speeds of the data samples in a weighted manner includes determining a weighted average of the speeds of the
data samples in a manner based on the determined weights.

34. The computer-readable medium of embodiment 33 wherein the multiple data samples are reported by the
multiple vehicles traveling on the road, wherein the multiple vehicles are a subset of all vehicles traveling on the
road, wherein the determined weighted average represents an average traffic speed of the multiple vehicles, wherein
the estimated average traffic speed represents an average traffic speed of all the vehicles traveling on the road,
and wherein the providing of the indication of the estimated average traffic speed for use in facilitating travel on the
road includes presenting the estimated average traffic speed to operators of vehicles for use in influencing decisions
regarding travel on the road.

35. The computer-readable medium of embodiment 32 wherein the computer-readable medium is a memory of a
computing device.

36. The computer-readable medium of embodiment 32 wherein the computer-readable medium is a data transmission
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medium that transmits a generated data signal containing the contents.

37. The computer-readable medium of embodiment 32 wherein the contents are instructions that when executed
cause the computing device to perform the method.

38. A computing system configured to estimate average speed information for traveling vehicles, comprising: a first
component that is configured to, for each of multiple roads, receive an indication of multiple data samples associated
with the road that each reflect a speed of a vehicle traveling on the road; and a data sample speed assessor
component that is configured to, for each of the multiple roads, determine weights for the data samples associated
with the road based on one or more attributes of those data samples; estimate a traffic speed of vehicles traveling
on the road at one or more times based at least in part on a weighted average of the speeds of the data samples
associated with the road, the weighted average calculated using the determined weights; and provide an indication
of the estimated traffic speed for use in facilitating travel on the road.

39. The computing system of embodiment 38 wherein, for each of at least one of the multiple roads, the multiple
data samples associated with the road each have a reported time associated with the speed, the estimated traffic
speed is for vehicles traveling on the road during a period of time that includes the reported times, the weights for
the data samples associated with the road are determined in such a manner as to reflect expected accuracy of the
speeds of those data samples, and the providing of the indication of the estimated traffic speed for use in facilitating
travel on the road includes presenting the estimated traffic speed to operators of vehicles for use in influencing
decisions regarding travel on the road.

40. The computing system of embodiment 38 wherein the first component and the data sample speed assessor
component each include software instructions for execution in memory of the computing system.

41. The computing system of embodiment 38 wherein the first component consists of a means for, for each of
multiple roads, receiving an indication of multiple data samples associated with the road that each reflect a speed
of a vehicle traveling on the road, and wherein the data sample speed assessor component consists of a means
for, for each of the multiple roads, determining weights for the data samples associated with the road based on one
or more attributes of those data samples, estimating a traffic speed of vehicles traveling on the road at one or more
times based at least in part on a weighted average of the speeds of the data samples associated with the road that
is calculated using the determined weights, and providing an indication of the estimated traffic speed for use in
facilitating travel on the road.

42. A computer-implemented method for automatically providing data samples from vehicles traveling on roads for
use in assessing traffic conditions on those roads, the method comprising: for each of multiple vehicles traveling on
one or more roads, providing information regarding travel of the vehicle by, for each of multiple successive periods
of time of pre-determined length, acquiring multiple data samples during the period of time from a geo- location
device traveling with the vehicle, each data sample being acquired at a distinct acquisition time during the period
of time and including a reported geographic location and speed of the vehicle at that acquisition time; temporarily
storing the multiple data samples during the period of time in a storage device; and at the end of the period of time,
sending the multiple stored data samples together in a single data transmission via a wireless data transmitter to a
remote traffic information system that is configured to use at least some of the data samples for facilitating travel of
other vehicles on the one or more roads; and removing the multiple stored data samples from the storage device
so that data samples acquired during a next period of time can be temporarily stored.

43. The method of embodiment 42 wherein, for each of the multiple vehicles, the providing of the information
regarding the travel of the vehicle is performed by one or more computing systems on the vehicle.

44. The method of embodiment 43 wherein all of the multiple vehicles send data samples to a single remote traffic
information system, and wherein the method further comprises, under control of the single remote traffic information
system: repeatedly receiving data transmissions from the multiple vehicles, each of the received data transmissions
including multiple data samples for a vehicle that are acquired at distinct acquisition times and that report geographic
locations and speeds of that vehicle at those acquisition times; and for each of multiple road segments of the one
or more roads and each of multiple time periods, retrieving the data samples received from the multiple vehicles
whose acquisition times are during the time period and whose reported geographic locations correspond to the road
segment; assessing average road travel conditions for all vehicles traveling on the road segment during the period
of time based at least in part on the reported speeds for the retrieved data samples; and using the assessed average
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road travel conditions to assist travel of other vehicles on or near the road segment at times during or near the period
of time.

45. The method of embodiment 44 wherein the using of assessed average road travel conditions to assist the travel
of the other vehicles includes at least one of sending information about the assessed average road travel conditions
to the other vehicles in a substantially realtime manner and of making information available about future road travel
conditions that are predicted based at least in part on the assessed average road travel conditions.

46. The method of embodiment 43 wherein, for each of at least some of the multiple vehicles, the geo-location
device traveling with the vehicle is a global positioning system ("GPS") receiver installed in the vehicle.

47. The method of embodiment 43 wherein, for each of at least some of the multiple vehicles, the geo-location
device traveling with the vehicle is a cellphone carried by a passenger in the vehicle.

48. The method of embodiment 43 wherein, for each of at least some of the multiple vehicles, the acquired data
samples for the vehicle each further include a reported heading of the vehicle at the acquisition time for the data
sample, an indication of a device status of the geo-location device traveling with the vehicle at the acquisition time
for the data sample, an indication of a vehicle status of the vehicle at the acquisition time for the data sample, and
a unique identifier associated with the geo-location device and/or the vehicle.

49. The method of embodiment 48 wherein, for each of the at least some multiple vehicles, the wireless data
transmitter used for the sending of multiple data samples is a satellite transmitter that transmits only limited amounts
of data, and wherein, for each of the at least some multiple vehicles, the sending of multiple data samples together
in a single data transmission via the wireless data transmitter includes processing the multiple data samples prior
to the single data transmission in order to reduce an amount of data to be included in the single data transmission.

50. The method of embodiment 49 wherein, for one of the at least some multiple vehicles, the providing of the
information regarding the travel of the one vehicle during one of the periods of time includes acquiring one or more
additional data samples for the one vehicle during the one period of time such that the one or more additional data
samples are distinct from the multiple data samples acquired during the one period of time for the one vehicle, and
wherein the processing of the multiple data samples prior to the single data transmission for the one vehicle and
the one period of time includes determining to exclude from that single data transmission the additional data samples
based on the additional data samples being determined to not reflect travel of interest.

51. The method of embodiment 42 wherein, for each of at least some of the multiple vehicles, the pre-determined
length of each of the periods of time is 15 minutes and the data samples are acquired at approximately 1-minute
intervals.

52. A method for a device in a vehicle to automatically provide information regarding travel of the vehicle on one or
more roads, the method comprising, under control of the device: obtaining multiple data samples that are each
acquired at a distinct acquisition time to report a geographic location and travel characteristics of the vehicle at that
acquisition time; storing the multiple data samples until one or more predefined conditions are satisfied; and after
the one or more predefined conditions are satisfied, automatically providing the multiple data samples in a single
data transmission to a traffic information system configured to use data samples provided from multiple vehicles for
facilitating travel on roads.

53. The method of embodiment 52 wherein the one or more predefined conditions include an indicated length of a
period of time during which the obtaining of the multiple data samples is performed.

54. The method of embodiment 53 wherein the indicated length of time is at least 10 minutes, and wherein the
acquisition times of the data samples occur approximately every minute.

55. The method of embodiment 53 wherein the obtaining of multiple data samples, the storing of those multiple data
samples, and the providing of those multiple data samples in a single data transmission are each performed repeat-
edly so as to provide information about travel of the vehicle for an extended period of time that includes numerous
time periods of the indicated length.

56. The method of embodiment 52 wherein the one or more predefined conditions include an indicated time at which
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the providing of the multiple data samples in a singly data transmission is to be performed.

57. The method of embodiment 52 wherein the one or more predefined conditions include an indicated number of
multiple data samples to be obtained.

58. The method of embodiment 52 wherein the one or more predefined conditions include an indicated quantity of
data to be obtained from the multiple data samples.

59. The method of embodiment 52 wherein the one or more predefined conditions include an indicated distance
that the vehicle has traveled.

60. The method of embodiment 52 wherein at least some of the multiple data samples are each acquired after an
indicated length of time has passed since a prior data sample has been acquired.

61. The method of embodiment 52 wherein at least some of the multiple data samples are each acquired after the
vehicle has traveled an indicated distance since a prior data sample has been acquired.

62. The method of embodiment 52 wherein at least some of the multiple data samples are acquired after the vehicle
has reached one or more indicated geographic locations.

63. The method of embodiment 52 wherein the obtaining of multiple data samples, the storing of those multiple data
samples, and the providing of those multiple data samples in a single data transmission are each performed repeat-
edly.

64. The method of embodiment 52 wherein at least some of the data samples each report the geographic location
of the vehicle using latitude and longitude coordinates.

65. The method of embodiment 52 wherein at least some of the data samples each report the geographic location
of the vehicle using a location based on a road on which the vehicle is traveling.

66. The method of embodiment 52 wherein the reported travel characteristics of the vehicle for each of at least
some of the data samples include a speed of the vehicle.

67. The method of embodiment 52 wherein the reported travel characteristics of the vehicle for each of at least
some of the data samples include a heading of the vehicle.

68. The method of embodiment 52 wherein the reported travel characteristics of the vehicle for each of at least
some of the data samples include at least one of a distance traveled by the vehicle and a status of the vehicle.

69. The method of embodiment 52 wherein at least some of the data samples each further include at least one of
an indication of a status of a geo- location device that is used to obtain the geographic location for the data sample
and of an identifier associated with the geo-location device and/or the vehicle.

70. The method of embodiment 52 wherein the device in the vehicle includes a global positioning system. ("GPS")
receiver that provides geographic location information.

71. The method of embodiment 52 wherein the device in the vehicle is a cellphone carried by a passenger in the
vehicle.

72. The method of embodiment 71 wherein the geographic location for each of at least some of the data samples
is based on one or more cellphone network transmitters with which the cellphone is able to communicate.

73. The method of embodiment 71 wherein the providing of the multiple data samples in the single data transmission
includes sending the single data transmission via a cellphone network of the cellphone.

74. The method of embodiment 52 wherein the device in the vehicle is a computing device that is installed in the
vehicle and/or is part of the vehicle.
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75. The method of embodiment 74 wherein the computing device is part of a wireless network, wherein the geographic
location for each of at least some of the data samples is based at least in part on one or more wireless network
access points with which the computing device is in communication, and wherein the providing of the multiple data
samples in the single data transmission includes sending the single data transmission via the wireless network.

76. The method of embodiment 52 wherein the device in the vehicle includes a satellite transmitter, and wherein
the providing of the multiple data samples in the single data transmission includes sending the single data trans-
mission via the satellite transmitter.

77. The method of embodiment 52 further comprising, before the providing of the multiple data samples in the single
data transmission, modifying information associated with the multiple data samples so as to reduce an amount of
data to be included in the single data transmission.

78. The method of embodiment 52 further comprising, before the providing of the multiple data samples in the single
data transmission, obtaining one or more additional data samples that each include information regarding travel of
the vehicle, and determining to exclude the additional samples from the multiple data samples that are provided in
the single data transmission.

79. The method of embodiment 78 wherein the determining to exclude the additional data samples is based at least
in part on the additional data samples being determined to not reflect travel of interest.

80. The method of embodiment 52 wherein use of the data samples provided from the multiple vehicles includes
assessing road travel conditions for vehicles traveling on at least portions of one or more roads based at least in
part on reported geographic locations and travel characteristics from provided data samples, and using the assessed
road travel conditions to assist potential travel of other vehicles on or near the at least portions of the one or more roads.

81. The method of embodiment 80 wherein the assessed road travel conditions include an average speed of all
vehicles traveling on the at least portions of the one or more roads.

82. The method of embodiment 80 wherein the using of the assessed road travel conditions to assist the other
traveling vehicles includes at least one of making information about the assessed road travel conditions available
to the other traveling vehicles in a substantially realtime manner after the assessing and of making information
available about future road travel conditions that are predicted based at least in part on the assessed road travel
conditions.

83. The method of embodiment 80 wherein the assessing of the road travel conditions and the using of the assessed
road travel conditions is performed automatically under control of a traffic information system remote from the vehicle.

84. The method of embodiment 52 wherein the one or more predefined conditions include a current ability to perform
wireless data transmissions, wherein a temporary inability to perform wireless data transmissions occurs during the
obtaining of the multiple data samples, and wherein the method further comprises obtaining other data samples
when wireless data transmissions are available and providing each of the other data samples to the traffic information
system without storing of the other data samples.

85. The method of embodiment 52 wherein the one or more predefined conditions include arrival of the vehicle at
a location at which the single data transmission is able to be performed.

86. The method of embodiment 52 wherein an ability to determine a geographic location of the vehicle is temporarily
unavailable, and wherein the geographic location for each of at least one of the data samples that is acquired while
the ability to determine the geographic location of the vehicle is temporarily unavailable is based at least in part on
an extrapolation and/or interpolation of geographic locations from one or more other data samples acquired while
the ability to determine the geographic location of the vehicle is available.

87. The method of embodiment 52 wherein the vehicle is one of multiple vehicles that are each configured to provide
data samples to a single traffic information system to reflect travel of the multiple vehicles.

88. The method of embodiment 87 wherein the multiple vehicles are part of a fleet of vehicles operating in conjunction
with each other.
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89. The method of embodiment 87 wherein he multiple vehicles are directed to operate in distinct manners in order
to produce variation in provided information regarding the travel of the multiple vehicles.

90. The method of embodiment 52 wherein the vehicle is directed by the traffic information system to travel on an
indicated route in order to obtain information about travel of vehicles along the route.

91. A computer-readable medium whose contents enable a computing device to provide information regarding
movement of a mobile device, by performing a method comprising: obtaining multiple data samples at multiple times,
each data sample indicating a geographic location of the mobile device at a time associated with that data sample;
storing the multiple data samples; and automatically providing information from the multiple stored data samples
for use in facilitating movement of other mobile devices.

92. The computer-readable medium of embodiment 91 wherein the mobile device is associated with a vehicle
traveling on one or more roads, and wherein at least some of the data samples each further indicate travel charac-
teristics of the associated vehicle at the time associated with the data sample.

93. The computer-readable medium of embodiment 92 wherein the travel characteristics of each of the at least
some data samples include a reported heading of travel of the associated vehicle and a reported speed of the
associated vehicle, and wherein the providing of the information from the multiple stored data samples includes
transmitting the multiple data samples in a single data transmission to a traffic information system for use with data
samples from multiple other vehicles in facilitating travel of other vehicles on the one or more roads.

94. The computer-readable medium of embodiment 92 wherein the method is performed by one or more devices
located along the one or more roads that are able to detect passage of the mobile device and/or of the vehicle.

95. The computer-readable medium of embodiment 91 wherein the method further comprises, before the providing
of the information from the multiple stored data samples, aggregating information from the multiple stored data
samples so as to reduce an amount of data to be included in the single data transmission, and wherein the provided
information includes the aggregated information.

96. The computer-readable medium of embodiment 91 wherein the mobile device is at least part of the. computing
device, wherein the mobile device has an ability to access geo-location determination capabilities, and wherein the
geographic location for each of at least some of the data samples is based on information obtained from the mobile
device.

97. The computer-readable medium of embodiment 91 wherein the computer-readable medium is a memory of a
computing device.

98. The computer-readable medium of embodiment 91 wherein the computer-readable medium is a data transmission
medium that transmits a generated data signal containing the contents.

99. The computer-readable medium of embodiment 91 wherein the contents are instructions that when executed
cause the computing device to perform the method.

100. A computing device configured to provide information regarding travel of a vehicle on one or more roads,
comprising: one or more storage components; and a data source information provision component that is configured
to provide information regarding travel of a vehicle on one or more roads by obtaining multiple data samples at
multiple distinct acquisition times such that each data sample reflects one or more travel characteristics of the vehicle
at the acquisition time for the data sample, by temporarily storing the mutiple obtained data samples in the one or
more storage components, and by sending the multiple stored data samples as a group for use by a remote traffic
information system in facilitating travel on one or more roads.

101. The computing device of embodiment 100 wherein the data source information provision component is further
configured to, after the sending of the multiple stored data samples as a group, remove the stored data samples
from the one or more storage components so that other obtained data samples may be temporarily stored, and
wherein the data source information provision component is further configured to repeatedly perform the providing
of the information regarding the travel of the vehicle by repeatedly obtaining and storing data samples and periodically
sending the stored data samples.
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102. The computing device of embodiment 100 wherein the computing device is traveling with the vehicle and further
comprises a receiver able to obtain global positioning system ("GPS") signals, and wherein the travel characteristics
reflected in each of data sample include at least one of a geographic location, a speed, and a heading of the vehicle.

103. The computing device of embodiment 102 wherein the computing device is part of a system that includes a
wireless transmitter able to send data transmissions, and wherein the sending of the multiple stored data samples
as a group includes using the wireless transmitter to send the multiple stored data samples in a single data trans-
mission to the remote traffic information system for use with data samples from multiple other vehicles in facilitating
travel of other vehicles on the one or more roads.

104. The computing device of embodiment 100 wherein the data source information provision component includes
software instructions for execution in memory of the computing device.

105. The computing device of embodiment 100 wherein the data source information provision component consists
of a means for providing information regarding travel of a vehicle on one or more roads by obtaining multiple data
samples at multiple distinct acquisition times such that each data sample reflects one or more travel characteristics
of the vehicle at the acquisition time for the data sample, by temporarily storing the multiple obtained data samples
in the one or more storage components, and by sending the multiple stored data samples as a group for use by a
remote traffic information system in facilitating travel on one or more roads.

106. A computer-implemented method for assessing data samples reported by vehicles traveling on roads, the data
samples including information regarding the travel of the vehicles, the method comprising: receiving indications of
multiple road segments of one or more roads; receiving information related to current traffic conditions of the multiple
road segments, the received information including a plurality of data samples that each are reported from one of
multiple vehicles and reflect a reported speed of the one vehicle at a reported location related to one of the road
segments at a reported time; and for each of the multiple road segments, assessing traffic conditions for the road
segment based on data samples identified to represent travel on the road segment by, identifying a group of multiple
data samples from the plurality of data samples such that the data samples of the group have reported locations
that correspond to travel on the road segment; for each of the data samples in the group, determining an average
speed and standard deviation for all other data samples of the group based on the reported speeds for those data
samples, and determining whether the data sample is a statistical outlier relative to the other data samples of the
group based on how a difference in the reported speed of the data sample and the determined average speed
compares to the determined standard deviation; excluding from the group the data samples determined to be
statistical outliers; and after the excluding, using the data samples remaining in the group to infer traffic conditions
for all vehicles traveling on the road segment, so that the inferred traffic conditions based on the data samples are
available for use in facilitating travel on the road segment.

107. The method of embodiment 106 wherein the assessing of the traffic conditions for each of the multiple road
segments is performed for each of multiple distinct periods of time, and wherein the identifying of the group of data
samples for a road segment for a period of time is further performed such that the identified data samples of the
group have reported times that correspond to the period of time.

108. The method of embodiment 106 wherein, for each of at least one of the multiple road segments, one of the
data samples of the identified group for the one road segment that is determined to be a statistical outlier is a data
sample that is from a vehicle traveling on another road segment and that is incorrectly associated with the one road
segment.

109. The method of embodiment 106 wherein, for each of at least one of the multiple road segments, one of the
data samples of the identified group for the one road segment that is determined to be a statistical outlier is a data
sample from a vehicle that is parked on or by the one road segment.

110. The method of embodiment 106 wherein the assessing of the traffic conditions for each of the multiple road
segments includes determining an average speed and a standard deviation for all of the data samples of the identified
group for the road segment, and using the determined average speed and standard deviation for all of the data
samples as part of the determining, for each of the data samples of the identified group, of the average speed and
standard deviation for all the other data samples of the group.

111. The method of embodiment 110 wherein the determining of whether a data sample of a group is a statistical
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outlier relative to the other data samples of the group includes determining whether the difference in the reported
speed of the data sample and the determined average speed of the other data samples of the group exceeds a
threshold based on the determined standard deviation for the other data samples of the group.

112. The method of embodiment 106 wherein data samples related to current traffic conditions of the multiple road
segments are repeatedly received to reflect changing traffic conditions, and wherein the assessing of the traffic
conditions for each of the multiple road segments is performed for recently received data samples in a realtime
manner.

113. The method of embodiment 112 wherein the using of data samples remaining in a group to infer traffic conditions
for all vehicles traveling on a road segment includes determining an average speed for the remaining data samples,
inferring an average speed for all vehicles traveling on the road segment based on the determined average speed,
and providing information about the inferred average speed to one or more people considering upcoming travel on
the road segment.

114. A computer-implemented method for assessing data samples representing vehicles traveling on roads, the
method comprising: receiving indications of one or more segments of one or more roads, each road segment having
multiple associated data samples that each reflect a reported speed of a vehicle on the road segment; and for each
of at least one of the road segments, automatically analyzing the multiple associated data samples for the road
segment so as to determine one or more of those data samples that are unrepresentative of actual vehicle travel
on the road segment, at least one of the determined data samples being a statistical outlier with respect to other of
the multiple associated data samples; and providing one or more indications to exclude the determined data samples
from later use so that the other data samples are available for use in facilitating travel on the road segment.

115. The method of embodiment 114 wherein, for one or more of the at least one road segments, the providing of
the indications to exclude the determined data samples from later use includes analyzing the associated data
samples for the road segment other than the determined data samples in order to determine an average speed of
vehicles traveling on the road segment, and includes indicating the determined average speed for use in facilitating
travel of other vehicles on the road segment.

116. The method of embodiment 114 wherein, for one or more of the at least one road segments, the providing of
the indications to exclude the determined data samples from later use includes analyzing the associated data
samples for the road segment other than the determined data samples in order to determine traffic flow of vehicles
traveling on the road segment, and includes indicating the determined traffic flow for use in facilitating travel of other
vehicles on the road segment.

117. The method of embodiment 114 wherein, for one or more of the at least one road segments, the determining
of the one or more data samples for the road segment that are unrepresentative of actual vehicle travel on the road
segment includes determining that each of those data samples is a statistical outlier with respect to other of the
multiple data samples associated with the road segment.

118. The method of embodiment 117 wherein the determining that a data sample associated with a road segment
is a statistical outlier with respect to other of the multiple data samples associated with the road segment is performed
using leave-one-out outlier analysis.

119. The method of embodiment 117 wherein the determining that a data sample associated with a road segment
is a statistical outlier with respect to other of the multiple data samples associated with the road segment is based
at least in part on the reported speeds reflected by each of the data samples.

120. The method of embodiment 117 wherein the determining that each of the one or more data samples for a road
segment is a statistical outlier with respect to other of the multiple data samples associated with the road segment
includes: determining an average speed and a standard deviation for all of the multiple data samples for the road
segment; and for each of the one or more data samples for the road segment, determining an average speed and
a standard deviation for all other of the multiple data samples for the road segment based on the determined average
speed and standard deviation for all of the multiple data samples for the road segment; in determining a difference
between the reported speed for the data sample and the determined average speed for all other of the multiple data
samples for the road segment; determining a threshold based at least in part on the determined standard deviation
for all other of the multiple data samples for the road segment; and when the determined difference exceeds the
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determined threshold, identifying the data sample as a statistical outlier.

121. The method of embodiment 117 wherein, for each of the one or more road segments, the determining that
each of the one or more data samples for the road segment is a statistical outlier with respect to other of the multiple
data samples associated with the road segment is performed in a substantially realtime manner.

122. The method of embodiment 114 wherein, for one or more of the at least one road segments, the determining
of the one or more data samples for the road segment that are unrepresentative of actual vehicle travel on the road
segment includes assessing an activity of each vehicle whose reported speed is reflected by at least one of the
determined data samples and determining that the assessed activity of each of the vehicles does not correspond
to actual vehicle travel on the road segment.

123. The method of embodiment 122 wherein the assessed activity of at least one of the vehicles corresponds to
a parked vehicle.

124. The method of embodiment 122 wherein the assessed activity of at least one of the vehicles based on one or
more determined data samples corresponds to travel on a road segment other than a road segment with which the
one or more determined data samples are associated.

125. The method of embodiment 114 wherein, for one or more of the at least one road segments, the determining
of one or more data samples for the road segment that are unrepresentative of actual vehicle travel on the road
segment includes identifying multiple data samples that are reported by a single vehicle traveling on the road
segment, determining an activity of the single vehicle over time based on the identified data samples, and determining
that the identified data samples are unrepresentative of actual vehicle travel on the road segment based on the
determined activity.

126. The method of embodiment 114 wherein, for one or more of the at least one road segments, the determining
of one or more data samples for the road segment that are unrepresentative of actual vehicle travel on the road
segment includes identifying expected values for the multiple data samples associated with the road segment and
determining that the determined data samples do not fit the identified expected values.

127. The method of embodiment 114 wherein, for one or more of the at least one road segments, the determining
of one or more data samples for the road segment that are unrepresentative of actual vehicle travel on the road
segment includes determining a statistical distribution for the multiple data samples associated with the road segment
and determining that the determined data samples do not fit the determined statistical distribution.

128. The method of embodiment 114 wherein, for one or more of the at least one road segments, the determining
of one or more data samples for the road segment that are unrepresentative of actual vehicle travel on the road
segment includes identifying multiple distinct data curves for the road segment, each of the data curves reflecting
a distinct subset of vehicle travel on at least a portion of the road segment, and wherein the determined data samples
fit at least one of the data curves that reflects a subset of vehicle travel that is not of interest.

129. The method of embodiment 128 wherein at least one of the identified data curves is a Gaussian curve.

130. The method of embodiment 114 wherein, for one or more of the at least one road segments, the multiple
associated data samples for the road segment each further reflect a reported time corresponding to the reported
speed of the vehicle for the data sample, the automatic analyzing of the multiple associated data samples for the
road segment further corresponding to a predetermined period of time such that the actual vehicle travel on the
road segment is travel during the predetermined period of time.

131. The method of embodiment 130 wherein, for each of the one or more road segments, the determining of the
one or more data samples for the road segment that are unrepresentative of actual vehicle travel on the road segment
includes identifying that the reported time for each of the determined data samples is not within the predetermined
period of time for the road segment.

132. The method of embodiment 114 further comprising, for each of multiple distinct periods of time, receiving
multiple associated data samples for one of the road segments that each reflect a reported speed of a vehicle at a
reported time on the one road segment during the period of time, and wherein the automatic analyzing is performed
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for the one road segment for each of the periods of time based on the data samples whose reported times are during
the period of time.

133. The method of embodiment 114 wherein, for one or more of the at least one road segments, the determining
of one or more data samples for the road segment that are unrepresentative of actual vehicle travel on the road
segment is performed in a substantially realtime manner.

134. The method of embodiment 133 wherein at least some of the multiple data samples associated with at least
some of the road segments are acquired by and reported from vehicles traveling on those road segments, the
reporting of the at least some data samples occurring in a substantially realtime manner after acquisition of one or
more of the at least one data samples.

135. A computer-readable medium whose contents enable a computing device to assess data samples representing
traveling vehicles, by performing a method comprising: receiving an indication of multiple data samples that each
reflect reported travel characteristics of one of multiple vehicles traveling on a road; automatically determine one or
more of the multiple data samples that are unrepresentative of actual vehicle travel on the road; and providing one
or more indications of the data samples other than" the determined data samples so that the indicated data samples
are available for use in facilitating travel on the road.

136. The computer-readable medium of embodiment 135 wherein the reported travel characteristics of each data
sample include reported speed of the vehicle to which the data sample corresponds, wherein the determining of at
least one of the one or more data samples that are unrepresentative of actual vehicle travel on the road includes
determining that the at least one data samples are statistical outliers with respect to other of the data samples, and
wherein the providing of the indications of the data samples includes analyzing the data samples to determine
average speed of vehicles traveling on the road and indicating the determined average speed for use in facilitating
travel of other vehicles on the road.

137. The computer-readable medium of embodiment 136 wherein the determining that the at least one data samples
are statistical outliers with respect to other of the data samples includes performing a leave-one-out outlier analysis
in a substantially realtime manner.

138. The computer-readable medium of embodiment 135 wherein the computer-readable medium is a memory of
a computing device.

139. The computer-readable medium of embodiment 135 wherein the computer-readable medium is a data trans-
mission medium that transmits a generated data signal containing the contents.

140. The computer-readable medium of embodiment 135 wherein the contents are instructions that when executed
cause the computing device to perform the method.

141. A computing system configured to assess data samples representing traveling vehicles, comprising: a first
component that is configured to, for each of multiple roads, receive an indication of multiple data samples for the
road that each reflect a reported speed of a vehicle traveling on the road; and a data sample outlier eliminator
component that is configured to, for each of the multiple roads, automatically determine one or more of the multiple
data samples for the road that are statistical outliers with respect to other of the multiple data samples for the road;
and provide one or more indications of the multiple data samples for the road other than the determined data samples
so that the indicated data samples are available for use in facilitating travel on the road.

142. The computing system of embodiment 141 wherein, for each of at least one of the multiple roads, the determining
of the data samples for the road that are statistical outliers with respect to other of the data samples for the road
includes performing a leave-one-out outlier analysis in a substantially realtime manner, and wherein the providing
of the indications of the data samples for the road includes analyzing the data samples to determine average speed
of vehicles traveling on the road and indicating the determined average speed for use in facilitating travel of other
vehicles on the road.

143. The computing system of embodiment 141 wherein the first component and the data sample outlier eliminator
component each include software instructions for execution in memory of the computing system.
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144. The computing system of embodiment 141 wherein the first component consists of a means for, for each of
multiple roads, receiving an indication of multiple data samples for the road that each reflect a reported speed of a
vehicle traveling on the road, and wherein the data sample outlier eliminator component consists of a means for,
for each of the multiple roads, automatically determining one or more of the multiple data samples for the road that
are statistical outliers with respect to other of the multiple data samples for the road, and providing one or more
indications of the multiple data samples for the road other than the determined data samples so that the indicated
data samples are available for use in facilitating travel on the road.

145. A computer-implemented method for determining estimated traffic flow information for roads based on data
samples that are reported by vehicles traveling on the roads and that include information regarding the travel of the
vehicles, the method comprising: receiving indications of multiple road segments of one or more roads; generating
probability distributions that indicate, for each of multiple distinct observed quantities of vehicles on a road segment
during a period of time, probabilities for arrival rate volumes of vehicles at the road segment given the observed
quantity of vehicles; and for each of multiple periods of time, receiving information related to current traffic conditions
of the multiple road segments during the period of time, the received information including a plurality of data samples
for the period of time that each are reported from one of multiple vehicles and reflect a reported speed of the one
vehicle at a reported location on one of the road segments at a reported time during the period of time, the multiple
vehicles being a subset of all vehicles traveling on the road segments during the period of time, the received
information further including a plurality of additional data samples for the period of time that each are reported from
one of multiple traffic sensors monitoring the multiple road segments and reflect a reported speed based on one or
more speed readings for one or more vehicles at a location on one of the road segments for one or more reported
times during the period of time; for each of the multiple road segments, automatically estimating traffic flow information
of all vehicles traveling on the road segment during the period of time by, identifying a group of multiple data samples
for the road segment for the period of time, the multiple data samples being from at least one of the plurality of data
samples and the plurality of additional data samples; determining a quantity of vehicles to which the data samples
of the group correspond, the corresponding vehicles being a subset of all the vehicles traveling on the road segment
during the period of time; determining a most probable traffic arrival rate volume at the road segment of all the
vehicles traveling on the road segment during the period of time, the determining of the traffic arrival rate volume
being based at least in part on the generated probability distribution for the determined quantity of vehicles that
reported the data samples of the group; determining a most probable traffic density for the road segment so as to
represent a total quantity per unit of distance of all the vehicles traveling on the road segment during the period of
time, the determining of the traffic density being based at least in part on the determined traffic arrival rate volume
for the road segment during the period of time; and determining a most probable percentage traffic occupancy of
at least one point on the road segment by all the vehicles traveling on the road segment during the period of time,
the determining of the percentage traffic occupancy being based at least in part on the determined traffic density;
and using at least some of the determined traffic arrival rate volumes, traffic densities, and percentage traffic occu-
pancies for the period of time to facilitate future travel on the one or more roads, so that estimated traffic flow
information is determined for road segments based on data samples reflecting actual vehicle travel on the road
segments.

146. The method of embodiment 145 wherein, for each of at least one of the periods of time and each of at least
one of the road segments, the identified group of multiple data samples for the road segment for the period of time
includes multiple data samples from the plurality of data samples for the period of time whose reported locations
are on the road segment and includes multiple data samples from the plurality of additional data samples for the
period of time whose locations are on the road segment, and wherein the estimating of the traffic flow information
of all the vehicles traveling on the road segment during the period of time includes generating an estimated average
traffic speed of all the vehicles traveling on the road segment during the period of time based at least in part on the
reported speeds of the data samples of the group.

147. The method of embodiment 146 wherein, for each of the at least one periods of time and each of the at least
one road segments, the determining of the traffic density for the road segment of all the vehicles traveling on the
road segment during the period of time is further based at least in part on the estimated average traffic speed of all
the vehicles traveling on the road segment during the period of time.

148. The method of embodiment 147 wherein, for each of the at least one periods of time and each of the at least
one road segments, the determining of the percentage traffic occupancy of at least one point on the road segment
by all the vehicles traveling on the road segment during the period of time is further based at least in part on the
estimated average traffic speed of all the vehicles traveling on the road segment during the period of time and on



EP 2 278 573 A1

47

5

10

15

20

25

30

35

40

45

50

55

an estimated average length of all the vehicles traveling on the road segment during the period of time.

149. The method of embodiment 148 wherein, for each of the at least one periods of time and each of the at least
one road segments, the determining of the traffic arrival rate volume at the road segment of all the vehicles traveling
on the road segment during the period of time is further based at least in part on an estimated percentage of all the
vehicles traveling on the road segment during the period of time that are the vehicles to which the data samples of
the group correspond.

150. The method of embodiment 145 wherein, for each of at least one of the periods of time and each of at least
one of the road segments, the determining of the traffic arrival rate volume of all the vehicles traveling on the road
segment during the period of time includes generating a confidence value for the traffic arrival rate volume to reflect
a degree of possible error in the traffic arrival rate volume, and wherein the using of the at least some determined
traffic arrival rate volumes for the period of time includes using the generated confidence values to facilitate the
future travel.

151. The method of embodiment 145 wherein the estimating of the traffic flow information of all the vehicles traveling
on a road segment during a period of time is performed using recently received data samples in a realtime manner,
and wherein the using of the at least some determined traffic arrival rate volumes, determined traffic densities, and
determined percentage traffic occupancies for the period of time is further performed in a substantially realtime
manner so as to facilitate imminent future travel on the one or more roads.

152. The method of embodiment 151 wherein the using of the at least some determined traffic arrival rate volumes,
traffic densities, and percentage traffic occupancies for a period of time includes providing information about the
determined traffic arrival rate volumes, traffic densities, and percentage traffic occupancies to one or more people
considering upcoming travel on the one or more roads.

153. A computer-implemented method for determining estimated traffic flow information for vehicles traveling on
roads based on data samples that reflect travel on those roads, the method comprising: receiving indications of one
or more segments of one or more roads, each road segment having multiple associated data samples that each
are reported by one of multiple vehicles to reflect travel on the road segment by the one vehicle at a reported time;
for each of at least one of the road segments, automatically estimating traffic flow of vehicles traveling on the road
segment during a period of time by, identifying a group of the multiple data samples associated with the road segment
whose reported times occur during the period of time; determining a quantity of vehicles that reported the data
samples of the group, the vehicles that reported the data samples of the group being a subset of all vehicles that
traveled on the road segment during the period of time; and probabilistically assessing an estimated total quantity
of all the vehicles that traveled on the road segment during the period of time based at least in part on the determined
quantity of the vehicles that reported the data samples; and using one or more of the estimated total quantities of
vehicles to facilitate travel on the one or more roads.

154. The method of embodiment 153 wherein, for one or more of the at least one road segments, the probabilistic
assessing of the estimated total quantity of all the vehicles that traveled on the road segment during the period of
time includes determining a most probable total quantity of all the vehicles that traveled on the road segment during
the period of time.

155. The method of embodiment 153 wherein, for one or more of the at least one road segments, the probabilistic
assessing of the estimated total quantity of all the vehicles that traveled on the road segment during the period of
time includes determining a confidence value for the estimated total quantity based at least in part on a likelihood
of the estimated total quantity.

156. The method of embodiment 153 wherein, for one or more of the at least one road segments, the probabilistic
assessing of the estimated total quantity of all the vehicles that traveled on the road segment during the period of
time includes determining a traffic arrival rate volume of vehicles to at least one point of the road segment during
the period of time, the determined traffic arrival rate volume being based at least in part on the estimated total
quantity of all the vehicles that traveled on the road segment during the period of time.

157. The method of embodiment 156 wherein, for each of the one or more road segments, the determining of the
traffic arrival rate volume of vehicles to at least one point of the road segment during the period of time includes
using a probability distribution that represents probabilities for actual arrival rate volumes of vehicles given the
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determined quantity of vehicles that reported the data samples of the group for the road segment.

158. The method of embodiment 157 wherein, for each of the one or more road segments, the using of the probability
distribution as part of the determining of the traffic arrival rate volume of the vehicles to at least one point of the road
segment during the period of time includes determining a most probable traffic arrival rate volume.

159. The method of embodiment 157 wherein, for each of the one or more road segments, the using of the probability
distribution as part of the determining of the traffic arrival rate volume of the vehicles to at least one point of the road
segment during the period of time includes estimating confidence in the determined traffic arrival rate volume based
on the probability distribution.

160. The method of embodiment 157 wherein, for each of the one or more road segments, the probability distribution
is a Poisson distribution.

161. The method of embodiment 156 wherein, for each of the one or more < road segments, the determining of the
traffic arrival rate volume of vehicles to at least one point of the road segment during the period of time includes
using a penetration factor for the road segment during the period of time, the penetration factor representing an
estimated percentage of all the vehicles that traveled on the road segment during the period of time that are vehicles
that reported the data samples of the group for the road segment.

162. The method of embodiment 156 wherein, for each of the one or more road segments, the at least one point of
the road segment for which the traffic arrival rate volume of vehicles is determined is a beginning of the road segment.

163. The method of embodiment 156 wherein, for each of the one or more road segments, the at least one point of
the road segment for which the traffic arrival rate volume of vehicles is determined is all of the road segment.

164. The method of embodiment 153 wherein, for one or more of the at least one road segments, the probabilistic
assessing of the estimated total quantity of all the vehicles that traveled on the road segment during the period of
time includes determining a traffic density for the road segment during the period of time, the determined traffic
density being based at least in part on the estimated total quantity of all the vehicles that traveled on the road
segment during the period of time.

165. The method of embodiment 164 wherein, for each of the one or more road segments, the determined traffic
density represents a total quantity per unit of distance of all the vehicles that traveled on the road segment during
the period of time..

166. The method of embodiment 164 wherein, for each of the one or more road segments, the determining of the
traffic density for the road segment is based at least in part on at least one determined traffic arrival rate volume for
the road segment during the period of time.

167. The method of embodiment 166 further comprising, for each of the one or more road segments, determining
the at least one traffic arrival rate volumes for the road segment during the period of time so as to represent vehicles
arriving to at least one point of the road segment during the period of time.

168. The method of embodiment 166 wherein, for each of the one or more road segments, the determining of the
traffic density for the road segment is further based at least in part on an estimated average traffic speed of all the
vehicles that traveled on the road segment during the period of time.

169. The method of embodiment 168 further comprising, for each of the one or more road segments, estimating the
average traffic speed of all the vehicles that traveled on the road segment during the period of time.

170. The method of embodiment 164 wherein, for each of the one or more road segments, the determining of the
traffic density for the road segment includes determining a most probable traffic density.

171. The method of embodiment 164 wherein, for each of the one or more road segments, the determining of the
traffic density for the road segment includes estimating confidence in the determined traffic density.

172. The method of embodiment 153 wherein, for one or more of the at least one road segments, the probabilistic
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assessing of the estimated total quantity of all the vehicles that traveled on the road segment during the period of
time includes determining a traffic occupancy for at least one point on the road segment during the period of time,
the determined traffic occupancy being based at least in part on the estimated total quantity of all the vehicles that
traveled on the road segment during the period of time.

173. The method of embodiment 172 wherein, for each of the one or more road segments, the determined traffic
occupancy for the at least one point on the road segment represents an average percentage of time that the at least
one point is occupied by at least one of the vehicles that traveled on the road segment during the period of time.

174. The method of embodiment 172 wherein, for each of the one or more road segments, the determining of the
traffic occupancy for the road segment is based at least in part on at least one determined traffic density for the road
segment during the period of time and on at least one estimated length of the vehicles that traveled on the road
segment during the period of time.

175. The method of embodiment 174 wherein, for each of the one or more road segments, the determining of the
traffic occupancy for the road segment is further based at least in part on at least one determined traffic arrival rate
volume for the road segment during the period of time.

176. The method of embodiment 175 wherein, for each of the one or more road segments, the determining of the
traffic occupancy for the road segment is further based at least in part on an estimated average traffic speed of all
the vehicles that traveled on the road segment during the period of time.

177. The method of embodiment 176 further comprising, for each of the one or more road segments, determining
the at least one traffic density for the road segment during the period of time, determining the at least one traffic
arrival rate volume for the road segment during the period of time, and estimating the average traffic speed of all
the vehicles that traveled on the road segment during the period of time.

178. The method of embodiment 172 wherein, for each of the one or more road segments, the determining of the
traffic occupancy for the road segment includes determining a most probable traffic occupancy.

179. The method of embodiment 172 wherein, for each of the one or more road segments, the determining of the
traffic occupancy for the road segment includes estimating confidence in the determined traffic occupancy.

180. The method of embodiment 153 wherein, for each of one or more of the at least some road segments, the
estimating of the traffic flow of vehicles traveling on the road segment during a period of time is performed for each
of multiple distinct periods of time.

181. The method of embodiment 153 wherein, for each of one or more of the at least some road segments, the
estimating of the traffic flow of vehicles traveling on the road segment during a period of time is performed for each
of multiple overlapping time windows during the period of time, such that at least some of the associated data
samples for the road segment are used for each of multiple of the time windows.

182. The method of embodiment 181 wherein, for at least one of the one or more road segments, the multiple
overlapping time windows during the period of time are modified to reflect one or more current conditions.

183. The method of embodiment 153 wherein, for each of one or more of the at least some road segments, the
estimating of the total quantity of all the vehicles that traveled on the road segment during the period of time includes
determining at least one confidence value for the estimated total quantity, and wherein the using of the one or more
estimated total quantities of vehicles includes using one or more of the determined confidence values to facilitate
future travel on the one or more roads.

184. The method of embodiment 153 wherein the using of the one or more estimated total quantities of vehicles
includes providing indications of the one or more estimated total quantities of vehicles to one or more people to
facilitate decisions by the people regarding travel on the one or more roads.

185. The method of embodiment 184 wherein the assessing of the one or more estimated total quantities and the
using of the one or more estimated total quantities is performed in a substantially realtime manner relative to receiving
the data samples used for the assessing, so as to enable substantially realtime decisions by the people.
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186. A computer-readable medium whose contents enable a computing device to estimate traffic flow information
for traveling vehicles, by performing a method comprising: receiving an indication of multiple data samples that each
reflect travel of one of multiple vehicles on a road; probabilistically estimating traffic flow of all vehicles traveling on
the road during a period of time based at least in part on a quantity of vehicles whose travel is reflected by the data
samples; and providing an indication of the estimated traffic flow for use in facilitating travel on the road.

187. The computer-readable medium of embodiment 186 wherein the multiple data samples are each reported by
a vehicle and each have information regarding travel of the vehicle on the road at a reported time during the period
of time, and wherein the estimating of the traffic flow of all vehicles traveling on the road includes determining a
quantity of vehicles that reported the data samples, the vehicles that reported the data samples being a subset of
all the vehicles traveling on the road during the period of time, and includes determining an estimated arrival rate
at a point on the road of all the vehicles and a likelihood of the estimated arrival rate based at least in part on the
determined quantity of the vehicles that reported the data samples.

188. The computer-readable medium of embodiment 187 wherein the estimating of the traffic flow of all vehicles
traveling on the road further includes determining an average percentage occupancy of a point on the road by the
vehicles traveling on the road during the period of time, the determining of the average percentage occupancy being
based at least in part on the determined estimated arrival rate, and wherein the providing of the indication of the
estimated traffic flow for use in facilitating travel on the road includes presenting information about the estimated
traffic flow to operators of vehicles for use in influencing decisions regarding travel on the road.

189. The computer-readable medium of embodiment 186 wherein the computer-readable medium is a memory of
a computing device.

190. The computer-readable medium of embodiment 186 wherein the computer-readable medium is a data trans-
mission medium that transmits a generated data signal containing the contents.

191. The computer-readable medium of embodiment 186 wherein the contents are instructions that when executed
cause the computing device to perform the method.

192. A computing system configured to estimate traffic flow information for traveling vehicles, comprising: a first
component that is configured to, for each of multiple roads, receive an indication of multiple data samples associated
with the road that each include information representing travel of a vehicle on the road; and a data sample flow
assessor component that is configured to, for each of the multiple roads, determine a quantity of vehicles whose
travel is represented by the information of the data samples associated with the road; generate a probabilistic
estimate of traffic flow of all vehicles traveling on the road during a period of time based at least in part on the
determined quantity of vehicles; and provide an indication of the estimated traffic flow for use in facilitating travel
on the road.

193. The computing system of embodiment 192 wherein, for each of at least some of the multiple roads, the multiple
data samples associated with the road are each reported by a vehicle such that the information included with the
data sample is information about travel of the vehicle on the road at a reported time during the period of time for the
road, wherein the vehicles whose travel is represented by the information of the data samples associated with the
road are a subset of all the vehicles traveling on the road during the period of time for the road, wherein the generating
of the probabilistic estimate of the traffic flow of all the vehicles traveling on the road includes determining an
estimated arrival rate at a point on the road of all the vehicles and a likelihood of the estimated arrival rate based
at least in part on the determined quantity of the vehicles whose travel is represented by the information of the data
samples associated with the road, and wherein the providing of the indication of the estimated traffic flow for use in
facilitating travel on the road includes presenting information about the estimated traffic flow to operators of vehicles
for use in influencing decisions regarding travel on the road.

194. The computing system of embodiment 193 wherein, for each of the at least some roads, the generating of the
probabilistic estimate of the traffic flow of all the vehicles traveling on the road further includes determining an
average percentage occupancy of a point on the road by the vehicles traveling on the road during the period of time
for the road, the determining of the average percentage occupancy being based at least in part on the determined
estimated arrival rate.

195. The computing system of embodiment 192 wherein the first component and the data sample flow assessor
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component each include software instructions for execution in memory of the computing system.

196. The computing system of embodiment 192 wherein the first component consists of a means for, for each of
multiple roads, receiving an indication of multiple data samples associated with the road that each include information
representing travel of a vehicle on the road, and wherein the data sample flow assessor component consists of a
means for, for each of the multiple roads, determining a quantity of vehicles whose travel is represented by the
information of the data samples associated with the road, generating a probabilistic estimate of traffic flow of all
vehicles traveling on the road during a period of time based at least in part on the determined quantity of vehicles,
and providing an indication of the estimated traffic flow for use in facilitating travel on the road.

197. A computer-implemented method for assessing data samples reported by vehicles traveling on roads, the data
samples including information regarding the travel of the vehicles, the method comprising: receiving indications of
multiple road segments of one or more roads; receiving information related to current traffic conditions of the multiple
road segments, the received information including a plurality of data samples that each are reported from one of
multiple vehicles and reflect a reported speed of the one vehicle at a reported geographic location and reflect a
reported travel heading of the one vehicle; and for each of the multiple road segments, assessing traffic conditions
for the road segment based on data samples identified to represent travel on the road segment by, identifying a
group of multiple data samples from the plurality of data samples such that the data samples of the group have
reported geographic locations that are within a predefined distance of one or more predefined geographic locations
for the road segment and have reported travel headings that are within a predefined difference from one or more
predefined headings for the road segment; automatically determining that one or more of the data samples of the
group are unrepresentative of actual vehicle travel on the road segment based at least in part on the reported
geographic locations of the determined data samples not corresponding to predefined portions of the road segment
for which vehicle travel is of interest; excluding from the group the data samples determined to be unrepresentative
of actual vehicle travel on the road segment; and after the excluding, using the data samples remaining in the group
to infer traffic conditions for all vehicles traveling on the road segment, so that inferred traffic conditions based on
data samples are available for use in facilitating travel on the road segments.

198. The method of embodiment 197 wherein one of the multiple road segments corresponds to a first section of a
highway having multiple lanes, wherein the predefined geographic locations for the one road segment include a
geographic area that covers the multiple lanes of the highway for the first section, wherein the predefined distance
by which the geographic area is extended is based at least in part on a degree of accuracy of a type of location
determination device that is used to determine the reported geographic locations for at least some of the data
samples of the identified group for the one road segment, wherein the predefined headings for the one road segment
include one or more headings that correspond to a direction of vehicle travel on the multiple lanes of the highway
for the first section, and wherein the predefined difference for the one or more predefined headings for the one road
segment is based at least in part on a degree of accuracy of a type of heading determination device that is used to
determine the reported travel headings for at least some of the data samples of the identified group for the one road
segment.

199. The method of embodiment 198 wherein the predefined portions of the one road segment for which vehicle
travel is of interest include one or more lanes of the highway, and wherein one of the data samples of the identified
group for the one road segment that is determined to be unrepresentative of actual vehicle travel on the one road
segment is a data sample whose reported geographic location is determined to correspond to a ramp on and/or off
the highway.

200. The method of embodiment 198 wherein the predefined portions of the one road segment for which vehicle
travel is of interest include one or more lanes of the highway, and wherein one of the data samples of the identified
group for the one road segment that is determined to be unrepresentative of actual vehicle travel on the one road
segment is a data sample whose reported geographic location is determined to correspond to a collector/distributor
road or lane near the highway.

201. The method of embodiment 198 wherein the predefined portions of the one road segment for which vehicle
travel is of interest include a subset of the lanes of the highway, and wherein one of the data samples of the identified
group for the one road segment that is determined to be unrepresentative of actual vehicle travel on the one road
segment is a data sample whose reported geographic location is determined to correspond to a lane of the highway
that is not in the subset of lanes.
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202. The method of embodiment 198 wherein one of the data samples of the identified group for the one road
segment that is determined to be unrepresentative of actual vehicle travel on the one road segment is a data sample
that is from a vehicle traveling on another road segment corresponding to a distinct second section of the highway
and that is determined to be incorrectly associated with the one road segment.

203. The method of embodiment 198 wherein the type of location determination device is a type of Global Positioning
System (GPS) device, and wherein the predefined distance by which the geographic area is extended corresponds
to a distance within which a reading from a GPS device of the type is accurate.

204. The method of embodiment 197 wherein, for each of one or more of the multiple road segments, the automatic
determining that the one or more data samples of the group are unrepresentative of actual vehicle travel on the
road segment is further based at least in part on one or more travel characteristics of the vehicles that reported
those data samples other than reported geographic location, the one or more travel characteristics including the
speed of the vehicles as reflected by the reported speeds of those data samples.

205. The method of embodiment 197 wherein each of the plurality of data samples further indicate a reported time
associated with the reported speed and reported geographic location and reported travel heading for the data sample,
wherein the assessing of the traffic conditions for each of the multiple road segments is performed for each of
multiple distinct periods of time, and wherein the identifying of the group of data samples for a road segment for a
period of time is further performed such that the identified data samples of the group have reported times that
correspond to the period of time.

206. The method of embodiment 197 wherein data samples related to current traffic conditions of the multiple road
segments are repeatedly received to reflect changing traffic conditions, wherein the assessing of the traffic conditions
for each of the multiple road segments is performed for recently received data samples in a realtime manner, and
wherein the using of data samples remaining in a group to infer traffic conditions for all vehicles traveling on a road
segment includes determining an average speed for the remaining data samples, inferring an average speed for all
vehicles traveling on the road segment based on the determined average speed, and providing information about
the inferred average speed to one or more people considering upcoming travel on the road segment.

207. A computer-implemented method for assessing data samples representing vehicles traveling on roads, the
method comprising: receiving an indication of one or more segments of one or more roads, each road segment
having multiple associated data samples that each are reported by one of multiple vehicles and indicate a reported
location of the vehicle that corresponds to the road segment; and for each of at least one of the road segments,
automatically analyzing the multiple associated data samples for the road segment so as to determine one or more
of those data samples that are unrepresentative of actual vehicle travel on the road segment, at least one of the
determined data samples each indicating a reported location for the vehicle that reported the data sample such that
the reported location does not correspond to the actual vehicle travel on the road segment, and at least one of the
determined data samples each having an associated heading for the vehicle that reported -the data sample such
that the associated heading does not correspond to the actual vehicle travel on the road segment; and providing
one or more indications to exclude’ the determined data samples from later use so that the other data samples are
available for use in facilitating travel on the road segment.

208. The method of embodiment 207 wherein, for each of one or more of the at least one road segments, the
providing of the indications to exclude the determined data samples from later use includes analyzing the associated
data samples for the road segment other than the determined data samples in order to determine an average speed
of vehicles traveling on the road segment, and indicating the determined average speed for use in facilitating travel
of other vehicles on the road segment.

209. The method of embodiment 208 wherein, for each of the one or more road segments, the providing of the
indications to exclude the determined data samples from later use further includes analyzing the associated data
samples for the road segment other than the determined data samples in order to determine traffic flow of vehicles
traveling on the road segment, and indicating the determined traffic flow for use in facilitating travel of other vehicles
on the road segment.

210. The method of embodiment 207 wherein, for each of one or more of the at least one road segments, the
determining of the one or more data samples for the road segment that are unrepresentative of actual vehicle travel
on the road segment includes determining that the reported vehicle locations for those data samples correspond to
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a section of road that is not of interest for use in representing the actual vehicle travel on the road segment.

211. The method of embodiment 210 wherein, for each of at least one of the one or more road segments, the section
of road is at least part of a lower- capacity road that leads to and/or from the road segment.

212. The method of embodiment 210 wherein, for each of at least one of the one or more road segments, the section
of road is part of a distinct road that is near to the road of the road segment.

213. The method of embodiment 210 wherein, for each of at least one of the one or more road segments, the section
of road is a subset of multiple lanes that are part of the road segment.

214. The method of embodiment 210 wherein, for each of at least one of the one or more road segments, the section
of road is at least part of one or more of a ramp on and/or off the road segment, a collector/distributor road associated
with the road of the road segment, a collector/distributor lane associated with the road of the road segment, a feeder
lane associated with the road of the road segment, a shoulder of the road of the road segment, and a breakdown
area for the road of the road segment.

215. The method of embodiment 210 wherein, for one of the one or more road segments, the section of road that
is not of interest is part of the one road segment.

216. The method of embodiment 210 wherein, for one of the one or more road segments, the section of road that
is not of interest is at least a part of another road segment distinct from the one road segment.

217. The method of embodiment 207 wherein, for one of the at least one road segments, at least some of the multiple
data samples associated with the one road segment are also associated with one or more other distinct road
segments, and wherein the determined one or more data samples for the one road segment are from the at least
some data samples.

218. The method of embodiment 207 further comprising, for one of the road segments, automatically determining
that the multiple associated data samples for the one road segment are not of interest based at least in part on the
one road segment not being of interest, and providing one or more indications to exclude the multiple associated
data samples from later use.

219. The method of embodiment 218 wherein the one road segment is determined to not be of interest based at
least in part on being of a functional road class that is not of interest.

220. The method of embodiment 218 wherein the one road segment is determined to not be of interest based at
least in part on a determination of an amount of actual vehicle traffic on the one road segment.

221. The method of embodiment 218 wherein the one road segment is determined to not be of interest based at
least in part on a determination of an amount of infra-day variability of vehicle traffic on the one road segment and/or
on a determination of an amount of inter-day variability of vehicle traffic on the one road segment.

222. The method of embodiment 218 wherein the one road segment is determined to not be of interest based at
least in part on a determination of an amount of actual traffic congestion on the one road segment.

223. The method of embodiment 218 wherein the one road segment is determined to not be of interest based at
least in part on a determination of an amount of intra-day variability of traffic congestion on the one road segment
and/or on a determination of an amount of inter-day variability of traffic congestion on the one road segment.

224. The method of embodiment 207 further comprising automatically determining that one or more data samples
not associated with any of the road segments are not of interest, and providing one or more indications to exclude
the one or more data samples from later use.

225. The method of embodiment 207 wherein, for each of one or more of the at least one road segments, the
determining of the one or more data samples for the road segment that are unrepresentative of actual vehicle travel
on the road segment includes determining that the one or more data samples are unrepresentative based at least
in part on the reported locations of the one of more data samples.
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226. The method of embodiment 225 wherein, for each of the one or more road segments, the multiple associated
data samples for the road segment each indicate a speed of the vehicle that reported the data sample, and wherein
the determining that the one or more data samples for the road segment are unrepresentative is further based at
least in part on the speeds indicated by the one or more data samples.

227. The method of embodiment 226 further comprising, for each of at least one of the one or more road segments,
and for each of at least some of the multiple associated data samples for the road segment, estimating the indicated
speed for the data sample by using reported locations indicated by multiple data samples reported by the vehicle
that reported the data sample.

228. The method of embodiment 225 wherein, for each of the one or more road segments, the multiple associated
data samples for the road segment each having an associated heading of the vehicle that reported the data sample,
and wherein the determining that the one or more data samples for the road segment are unrepresentative is further
based at least in part on the headings associated with the one or more data samples.

229. The method of embodiment 228 further comprising, for each of at least one of the one or more road segments,
and for each of at least some of the multiple associated data samples for the road segment, estimating the heading
associated with the data sample by using reported locations indicated by multiple data samples reported by the
vehicle that reported the data sample.

230. The method of embodiment 228 wherein one of the one or more road segments is part of a road that includes
vehicles traveling in two opposite directions, wherein the one road segment corresponds to vehicles traveling in one
of the two directions, and wherein the determining that one or more data samples for the one road segment are
unrepresentative based at least in part on the headings associated with the one or more data samples includes
determining that data samples whose associated headings correspond to travel in the other of the two directions
are unrepresentative for the one road segment.

231. The method of embodiment 228 wherein one of the one or more road segments is part of a road that includes
multiple lanes with vehicles traveling in multiple directions, wherein the one road segment corresponds to a subset
of the multiple lanes with vehicles traveling in one or more of the multiple directions, and wherein the determining
that one or more data samples for the one road segment are unrepresentative based at least in part on the headings
associated with the one or more data samples includes determining that data samples whose associated headings
do not correspond to the one or more directions are unrepresentative for the one road segment.

232. The method of embodiment 228 wherein one of the one or more road segments overlaps with one or more
other road segments of one or more other roads, wherein the vehicles on the one road segment travel in one or
more directions that are distinct from one or more other directions in which vehicles on the other road segments
travel, and wherein the determining that one or more data samples for the one road segment are unrepresentative
based at least in part on the headings associated with the one or more data samples includes determining that data
samples whose associated headings do not correspond to the one or more directions for the one road segment are
unrepresentative for the one road segment.

233. The method of embodiment 207 wherein, for each of one or more of the at least one road segments, the
determining of the one or more data samples for the road segment that are unrepresentative of actual vehicle travel
on the road segment includes comparing the one or more data samples to at least some of the other data samples
for the road segment.

234. The method of embodiment 207 wherein, for each of one or more of the at least one road segments, the
determining of the one or more data samples for the road segment that are unrepresentative of actual vehicle travel
on the road segment includes identifying a subset of the actual vehicle travel on the road segment that is of interest
or that is not of interest, and determining whether the one or more data samples correspond to the identified subset.

235. The method of embodiment 207 further comprising receiving one or more indications of a plurality of data
samples that each indicate a reported location of a vehicle, and associating each of at least some of the plurality of
data samples with at least one of the road segments based at least in part on the reported location of the data
sample corresponding to one or more locations associated with each of the at least one road segments.

236. The method of embodiment 235 wherein the plurality of data samples each having an associated heading of
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the vehicle for the data sample, and wherein the associating of a data sample with a road segment is further based
at least in part on the associated heading of the vehicle for the data sample corresponding to one or more headings
associated with the road segment.

237. The method of embodiment 236 further comprising, for each of at least some of the plurality of data samples,
estimating the heading associated with the data sample by using reported locations indicated by multiple data
samples corresponding to the vehicle for the data sample.

238. The method of embodiment 235 wherein the associating of a data sample with a road segment is further based
at least in part on one or more travel characteristics of the vehicle for the data sample other than the reported location.

239. The method of embodiment 235 wherein the associating of a data sample with a road segment is further based
at least in part on extending the one or more locations associated with the road segment by one or more distances
that are determined based at least in part on an accuracy of the reported location.

240. The method of embodiment 239 wherein the one or more determined distances by which the one or more
locations associated with a road segment are extended for a data sample are based at least in part on a type of
source of the data sample.

241. The method of embodiment 207 wherein, for each of one or more of the at least some road segments, the
multiple associated data samples for the road segment further include multiple data samples that each are reported
from a traffic sensor monitoring the road segment and each reflect one or more locations on the road segment
corresponding to the traffic sensor.

242. The method of embodiment 241 further comprising receiving one or more indications of a plurality of data
samples that each are reported from one of multiple traffic sensors monitoring multiple road segments, conditioning
at least some of the plurality of data samples to account for the traffic sensors from which those data samples are
reported, and, for each of at least some of the plurality of data samples, associating the data sample with at least
one of the road segments based at least in part on the one or more locations reflected by the data sample matching
one or more locations associated with each of the at least one road segments.

243. The method of embodiment 207 wherein, for each of one or more of the at least one road segments, the
determining of the one or more data samples for the road segment that are unrepresentative of actual vehicle travel
on the road segment includes identifying multiple data samples that are reported by a single vehicle traveling on
the road segment, and determining that the identified multiple data samples are unrepresentative based on combining
information from the identified multiple data samples.

244. The method of embodiment 207 wherein, for each of one or more of the at least one road segments, the multiple
associated data samples for the road segment each further reflect a reported time at which the vehicle for the data
sample is at the reported location, the automatic analyzing of the multiple associated data samples for the road
segment further corresponding to a predetermined period of time such that the actual vehicle travel on the road
segment is travel during the predetermined period of time.

245. The method of embodiment 207 further comprising, for each of multiple distinct periods of time, receiving
multiple associated data samples for one of the road segments that each reflect a reported location of a vehicle at
a reported time on the one road segment during the period of time, and wherein the automatic analyzing is performed
for the one road segment for each of the periods of time based on the data samples whose reported times are during
the period of time.

246. The method of embodiment 207 wherein, for each of one or more of the at least one road segments, the
determining of the one or more data samples for the road segment that are unrepresentative of actual vehicle travel
on the road segment is performed in a substantially realtime manner.

247. The method of embodiment 246 wherein at least some of the multiple data samples associated with at least
some of the road segments are acquired by vehicles traveling on those road segments before the reporting of the
data samples by the vehicles, the reporting of the at least some data samples occurring in a substantially realtime
manner after acquisition of one or more of the at least one data samples.
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248. A computer-readable medium whose contents enable a computing device to assess data samples representing
traveling vehicles, by performing a method comprising: receiving an indication of multiple data samples that each
reflect reported travel characteristics of one of multiple vehicles traveling on one or more roads, the reported travel
characteristics for the data samples reflecting locations of the vehicles; automatically determining whether one or
more of the multiple data samples are unrepresentative of actual vehicle travel of interest on the one or more roads,
the determining being based at least in part on the travel characteristics; and providing one or more indications of
the data samples that are not determined to be unrepresentative so that the indicated data samples are available
for use in facilitating travel on the one or more roads.

249. The computer-readable medium of embodiment 248 wherein the reported travel characteristics of each data
sample include a reported location of the vehicle to which the data sample corresponds, and wherein the determining
of whether one or more data samples are unrepresentative of actual vehicle travel of interest on the one or more
roads includes determining that the one or more data samples are unrepresentative based at least in part on the
reported vehicle locations of those data samples not corresponding to locations for actual vehicle travel on the one
or more roads.

250. The computer-readable medium of embodiment 249 wherein the determining that the one or more data samples
are unrepresentative based at least in part on the reported vehicle locations of those data samples not corresponding
to the locations for actual vehicle travel on the one or more roads includes determining that the reported vehicle
locations of those data samples do not correspond to predetermined locations of interest for the one or more roads.

251. The computer-readable medium of embodiment 248 wherein the reported travel characteristics of each data
sample include a reported heading of travel of the vehicle to which the data sample corresponds, and wherein the
determining of whether one or more data samples are unrepresentative of actual vehicle travel of interest on the
one or more roads includes determining that the one or more data samples are unrepresentative based at least in
part on the reported vehicle travel headings of those data samples not corresponding to one or more headings for
actual vehicle travel on the one or more roads.

252. The computer-readable medium of embodiment 251 wherein the determining that the one or more data samples
are unrepresentative based at least in part on the reported vehicle travel headings of those data samples not
corresponding to the one or more headings for actual vehicle travel on the one or more roads includes determining
that the reported vehicle travel headings of those data samples do not correspond to predetermined travel headings
of interest for the one or more roads.

253. The computer-readable medium of embodiment 248 wherein the determining of whether one or more data
samples are unrepresentative of actual vehicle travel of interest on the one or more roads includes identifying one
or more activities in which one or more vehicles are engaged based on the reported travel characteristics from at
least one data sample for each of those one or more vehicles and determining that the at least one data samples
are unrepresentative based at least in part on the identified activities being activities that are not of interest.

254. The computer-readable medium of embodiment 248 wherein the computer-readable medium is a memory of
a computing device.

255. The computer-readable medium of embodiment 248 wherein the computer-readable medium is a data trans-
mission medium that transmits a generated data signal containing the contents.

256. The computer-readable medium of embodiment 248 wherein the contents are instructions that when executed
cause the computing device to perform the method.

257. A computing system configured to assess data samples representing traveling vehicles, comprising: a first
component that is configured to, for each of multiple roads, receive an indication of multiple data samples for the
road that each reflect a location of a vehicle near the road; and a data sample filterer component that is configured
to, for each of at least some of the multiple roads, automatically determine one or more of the multiple data samples
for the road whose reflected vehicle locations do not correspond to vehicle travel of interest on the road; and provide
one or more indications of the multiple data samples for the road other than the determined data samples so that
the indicated data samples are available for use in facilitating travel on the road.

258. The computing system of embodiment 257 wherein, for each of one or more of the at least one multiple roads,
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the determining of the data samples for the road whose reflected vehicle locations do not correspond to vehicle
travel of interest on the road includes determining that those reflected vehicle locations do not match predefined
locations for the road.

259. The computing system of embodiment 257 wherein the data sample filterer component is further configured
to, for each of one or more of the at least one multiple roads, automatically determine one or more data samples
for the road that reflect one or more vehicle travel headings that do not correspond to vehicle travel of interest on
the road based at least in part on one or more predefined headings for the road.

260. The computing system of embodiment 257 wherein the first component and the data sample filterer component
each include software instructions for execution in memory of the computing system.

261. The computing system of embodiment 257 wherein the first component consists of a means for, for each of
multiple roads, receiving an indication of multiple data samples for the road that each reflect a location of a vehicle
near the road, and wherein the data sample filterer component consists of a means for, for each of at least some
of the multiple roads, automatically determining one or more of the multiple data samples for the road whose reflected
vehicle locations <’>do not correspond to vehicle travel of interest on the road, and providing one or more indications
of the multiple data samples for the road other than the determined data samples so that the indicated data samples
are available for use in facilitating travel on the road.

262. A computer-implemented method for facilitating travel on roads by providing reliable data readings for road
traffic sensors associated with the roads in such a manner as to accurately reflect actual vehicle travel on the roads,
the method comprising: receiving indications of multiple road segments of one or more roads, each road segment
having one or more associated road traffic sensors that provide data regarding speeds of vehicles traveling by the
road traffic sensors; and for each of at least some of the road traffic sensors, automatically providing reliable vehicle
travel speed data for a recent period of time, by receiving from the road traffic sensor multiple data readings that
each include a reported speed of one or more vehicles traveling by the road traffic sensor at an associated time
that is within the recent period of time; determining a current data reading distribution for the road traffic sensor to
reflect reported vehicle travel speeds during the recent period of time based on the received data readings; deter-
mining an average historical data reading distribution for the road traffic sensor to reflect average vehicle travel
speeds during one or more prior periods of time that correspond to the recent period of time, the average historical
data reading distribution being based on multiple data readings received from the road traffic sensor during the one
or more prior periods of time; generating a comparison of the current and average historical data reading distributions
for the road traffic sensor based at least in part on determining a statistical measure of entropy for each of the current
and average historical data reading distributions and on determining a statistical measure of similarity between the
current and average historical data reading distributions; determining whether the road traffic sensor likely provided
reliable data readings for the recent period of time based at least in part on whether the generated comparison
indicates sufficient differences between the current and average historical data reading distributions for the traffic
sensor to reflect a likely malfunction of the road traffic sensor; and if the road traffic sensor is determined to not have
likely provided reliable data readings for the recent period of time, estimating reliable vehicle speeds for the recent
period of time for at least a portion of the road segment associated with the road traffic sensor in a manner that is
not based on the received data readings for the recent period of time, and providing the estimated vehicle speeds
for use as a replacement for the received data readings for the recent period of time, so as to facilitate travel on the
one or more roads by providing reliable data about vehicle travel.

263. The method of embodiment 262 further comprising, for each of one or more of the at least some road traffic
sensors, determining a sensor health status for the road traffic sensor based at least in part on whether the road
traffic sensor is determined to have likely provided reliable data readings for the recent period of time, and providing
an indication of the determined sensor health status for the road traffic sensor.

264. The method of embodiment 262 wherein, for each of one or more of the at least some road traffic sensors, the
estimating of the reliable vehicle speeds for the recent period of time for at least a portion of the road segment
associated with the road traffic sensor is based on at least one of reported vehicle travel speeds for a second road
segment that is related to the road segment associated with the road traffic sensor, of predictive information that
reflects vehicle travel speeds predicted to occur on the road segment associated with the road traffic sensor during
the recent period of time, and of historical average vehicle travel speeds for the road segment associated with the
road traffic sensor.
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265. The method of embodiment 262 wherein, for each of one or more of the at least some road traffic sensors, the
determining of whether the road traffic sensor likely provided reliable data readings for the recent period of time is
further based at least in part on an automated classification of likely reliability using the determined statistical measure
of entropy for each of the current and average historical data reading distributions for the road traffic sensor and
the determined statistical measure of similarity between the current and average historical data reading distributions
for the road traffic sensor, the automated classification being performed by a neural network.

266. The method of embodiment 265 wherein, for each of one or more of the at least some road traffic sensors, the
determining of whether the road traffic sensor likely provided reliable data readings for the recent period of time is
further based in part on an indication of an operational status provided by the road traffic sensor and whether the
road traffic sensor likely provided reliable data readings for a previous period of time.

267. The method of embodiment 266 wherein, for each of one or more of the at least some road traffic sensors, the
one or more prior periods of time that correspond to the recent period of time include multiple periods of time that
are selected to match at least one of a day-of-week associated with the recent period of time and a time-of-day
associated with the recent period of time.

268. The method of embodiment 262 wherein each of the at least some road traffic sensors is one of a loop sensor
embedded in a road, a motion sensor installed adjacent to a road, a radar ranging device installed adjacent to a
road, and a radio frequency identifier device installed adjacent to a road, and wherein each of the at least some
road traffic sensors is configured to measure speeds of vehicles traveling by the road traffic sensor.

269. The method of embodiment 262 wherein, for each of one or more of the at least some road traffic sensors, at
least some of the multiple data readings received from the road traffic sensor each further include a reported number
of vehicles traveling by the road traffic sensor during a period of time and/or an indication of an operational status
of the road traffic sensor.

270. The method of embodiment 262 wherein, for each of one or more of the at least some road traffic sensors, the
determined statistical measure of similarity between the current and average historical data reading distributions is
based on calculation of a Kullback-Leibler divergence between the current and average historical data reading
distributions.

271. The method of embodiment 262 wherein the recent period of time is a portion of a day, and wherein the
automatic providing of the reliable vehicle travel speed data for each of one or more of the at least some road traffic
sensors is performed multiple times per day in order to provide reliable vehicle travel speed data readings for each
of successive periods of time throughout the day.

272. A computer-implemented method for providing reliable data readings from road traffic sensors regarding traffic
conditions on one or more roads, the method comprising: for each of one or more road traffic sensors that each
have an associated location on an associated road, receiving information about multiple data readings taken by the
road traffic sensor during a period of time, each data reading having an associated time and reflecting one or more
measurements of traffic conditions at the associated time at the associated location of the associated road for the
road traffic sensor; and for each of the one or more road traffic sensors, automatically determining whether the
multiple data readings taken by the road traffic sensor during the period of time are likely to be unreliable, the
determining being based at least in part on an automated comparison of information about at least some of those
multiple data readings to information about multiple other data readings previously taken by the road traffic sensor;
if the multiple data readings taken by the road traffic sensor during the period of time are not determined to be likely
to be unreliable, providing an indication to use those multiple data readings in representing actual traffic conditions
at the associated location of the associated road for the road traffic sensor during the period of time; and if the
multiple data readings taken by the road traffic sensor during the period of time are determined to be likely to be
unreliable, automatically providing an indication to use other estimated data in place of those multiple data readings
in representing the actual traffic conditions at the associated location of the associated road for the road traffic
sensor during the period of time, the other estimated data being based at least in part on other road traffic data that
is related to those multiple data readings, so that travel on one or more roads is facilitated by automatically eliminating
road traffic sensor data readings that are likely to be unreliable.

273. The method of embodiment 272 further comprising, for each of at least one of the one or more road traffic
sensors, determining a sensor health status for the road traffic sensor for the period of time based at least in part
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on the comparison of information about the at least some of the multiple data readings to the information about the
multiple other data readings previously taken by the road traffic sensor, and providing an indication of the determined
sensor health status for the road traffic sensor.

274. The method of embodiment 273 wherein, after determining that the sensor health status for a road traffic sensor
for a period of time is unhealthy, automatic determining during one or more later periods of time of whether data
readings taken by the road traffic sensor during those later periods of time are likely to be unreliable is further based
at least in part on the determined unhealthy status for the period of time.

275. The method of embodiment 272 wherein, for each of at least one of the one or more road traffic sensors, the
automatic determining of whether the multiple data readings taken by the road traffic sensor during the period of
time are likely to be unreliable includes determining a current data reading distribution for the road traffic sensor to
reflect traffic conditions during the period of time based on the at least some multiple data readings for the road
traffic sensor, and determining an average historical data reading distribution to reflect average traffic conditions
during one or more prior periods of time based on the multiple other data readings previously taken by the road
traffic sensor.

276. The method of embodiment 275 wherein, for each of the at least one road traffic sensors, the comparison of
the information about the at least some multiple data readings to the information about the multiple other data
readings previously taken by the road traffic sensor includes comparing statistical measures of information entropy
for the current and average historical data reading distributions.

277. The method of embodiment 275 wherein, for each of the at least one road traffic sensors, the comparison of
the information about the at least some multiple data readings to the information about the multiple other data
readings previously taken by the road traffic sensor includes determining a statistical measure of similarity between
the current and average historical data reading distributions.

278. The method of embodiment 277 wherein, for each of the at least one road traffic sensors, the determined
statistical measure of similarity between the current and average data reading distributions is based on a calculation
of a Kullback-Leibler divergence.

279. The method of embodiment 272 wherein, for each of at least one of the one or more road traffic sensors, the
comparison of the information about the at least some multiple data readings to the information about the multiple
other data readings previously taken by the road traffic sensor further includes classifying the information about the
at least some multiple data readings.

280. The method of embodiment 279 wherein, for each of the at least one road traffic sensors, the classifying is
performed by at least one of a neural network, a decision tree, and a Bayesian classifier.

281. The method of embodiment 272 wherein, for each of at least one of the one or more road traffic sensors, the
other estimated data to be used in place of the multiple data readings taken by the road traffic sensor during the
period of time is further based at least in part on a combination of at least some other road traffic sensor data readings
that are related to those multiple data readings.

282. The method of embodiment 281 wherein, for one of the at least one road traffic sensors, the at least some
other road traffic sensor data readings include data readings taken by one or more nearby road traffic sensors that
are located on the associated road for the road traffic sensor.

283. The method of embodiment 282 wherein the one road traffic sensor is one of multiple traffic sensors associated
with one of multiple road segments of the road associated with the one road traffic sensor, and wherein the one or
more nearby road traffic sensors are part of the one road segment.

284. The method of embodiment 282 wherein the one road traffic sensor is one of multiple traffic sensors associated
with one of multiple road segments of the road associated with the one road traffic sensor, and wherein the one or
more nearby road traffic sensors are part of one or more other road segments adjacent to the one road segment.

285. The method of embodiment 281 wherein, for one of the at least one road traffic sensors, the at least some
other road traffic sensor data readings include data readings taken by the road traffic sensor during one or more
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prior periods of time, the one or more prior periods of time selected at least in part to match a time category associated
with the period of time.

286. The method of embodiment 281 wherein, for each of at least one of the one or more road traffic sensors, the
at least some other road traffic sensor data readings include data samples from mobile data sources that are traveling
on the associated road near the associated location for the road traffic sensor during the period of time.

287. The method of embodiment 272 wherein, for each of at least one of the one or more road traffic sensors, the
other estimated data to be used in place of the multiple data readings taken by the road traffic sensor during the
period of time is further based at least in part on predictive information that reflects traffic conditions predicted to
occur during the period of time at the associated location of the associated road for the road traffic sensor, the
predictive information being generated shortly before the period of time based in part on current traffic condition
data at a time of generating the predictive information for the period of time.

288. The method of embodiment 272 wherein, for each of at least one of the one or more road traffic sensors, the
other estimated data to be used in place of the multiple data readings taken by the road traffic sensor during the
period of time is further based at least in part on forecast information that reflects traffic conditions forecasted to
occur during the period of time at the associated location of the associated road for the road traffic sensor, the
forecast information being generated sufficiently before the period of time that current traffic condition data at a time
of generating the forecast information is not used as part of generating the forecast information for the period of time.

289. The method of embodiment 272 further comprising, for one of the road traffic sensors, failing to receive infor-
mation about at least some missing data readings taken by the one road traffic sensor during a period of time, and
automatically providing an indication to use other estimated data in place of the missing data readings in representing
actual traffic conditions at the associated location of the associated road for the one road traffic sensor during the
period of time.

290. The method of embodiment 272 further comprising, for each of at least one of the one or more road traffic
sensors, automatically determining an operational state of the road traffic sensor based at least in part on whether
the multiple data readings taken by the road traffic sensor during the period of time are determined to be likely to
be unreliable, and providing an indication of the operational state.

291. The method of embodiment 272 wherein, for each of at least one of the one or more road traffic sensors, the
automatic determining of whether the multiple data readings taken by the road traffic sensor during the period of
time are likely to be unreliable is further based on multiple of a day-of-week associated with the period of time, a
time-of-day associated with the period of time, an indication of an operational status provided by the road traffic
sensor, whether the road traffic sensor likely provided reliable data readings during one or more previous periods
of time, and an absence of data readings ordinarily taken by the road traffic sensor.

292. The method of embodiment 272 wherein, for each of at least one of the one or more road traffic sensors, the
multiple data readings for the road traffic sensor each include a reported speed of vehicles traveling by the road
traffic sensor at the associated time for the data reading.

293. The method of embodiment 272 wherein, for each of at least one of the one or more road traffic sensors, the
multiple data readings for the road traffic sensor each include a reported quantity of vehicles traveling by the road
traffic sensor over a period of time and/or an indication of an operational status of the road traffic sensor.

294. The method of embodiment 272 further comprising, for each of at least one of the one or more road traffic
sensors, providing reliable data readings for the road traffic sensor to one or more traffic data clients, the reliable
data readings including at least some of the multiple data readings and/or the other estimated data.

295. The method of embodiment 272 wherein each of at least some of the one or more road traffic sensors includes
at least one of a loop sensor embedded in the associated road for the road traffic sensor, a motion sensor installed
adjacent to the associated road for the road traffic sensor, a radar ranging device installed adjacent to the associated
road for the road traffic sensor, and a radio frequency identifier device installed adjacent to the associated road for
the road traffic sensor, and wherein each of the at least some road traffic sensors is configured to measure traffic
conditions at the associated location of the associated road for the road traffic sensor.
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296. The method of embodiment 272 wherein the method is performed multiple times per day in order to provide
reliable data readings for at least some of the one or more road traffic sensors for each of multiple portions of the day.

297. A computer-readable medium whose contents enable a computing device to provide reliable data readings
from a road traffic sensor regarding traffic conditions on a road, by performing a method comprising: receiving
multiple data readings generated by a traffic sensor associated with a road that each reflect one or more measure-
ments of traffic conditions on the associated road at an associated time; automatically determining current reliability
of the traffic sensor based at least in part on comparing information about at least some of the multiple data readings
to information about multiple other data readings previously generated by the traffic sensor; and providing an indi-
cation of the determined current reliability of the traffic sensor for use in facilitating travel on the road, so that data
readings generated by a currently unreliable traffic sensor are not used to represent actual traffic conditions.

298. The computer-readable medium of embodiment 297 wherein the information about the at least some multiple
data readings includes a first data reading distribution based on the at least some multiple data readings, and wherein
the information about the multiple other data readings previously generated by the traffic sensor includes a second
data reading distribution based on the multiple other data readings previously generated by the traffic sensor.

299. The computer-readable medium of embodiment 298 wherein the comparing of the information about the at
least some multiple data readings to the information about the multiple other data readings previously generated
by the traffic sensor includes determining a statistical measure of similarity between the first and second data reading
distributions and determining a statistical measure of entropy for each of the first and second data reading distribu-
tions.

300. The computer-readable medium of embodiment 297 wherein the determining of the current reliability of the
traffic sensor is further based at least in part on classifying the information about the at least some multiple data
readings.

301. The computer-readable medium of embodiment 297 wherein the associated times of the multiple data readings
are during a current period of time, and wherein the determining of the current reliability of the traffic sensor is for
the current period of time and is further based at least in part on an automatic determination of reliability of the traffic
sensor for each of one or more prior periods of time.

302. The computer-readable medium of embodiment 297 wherein the method further comprises, if the determined
current reliability of the traffic sensor is determined to be reliable, providing at least some of the multiple data readings
for use in representing actual traffic conditions on the associated road at the associated time, and if the determined
current reliability of the traffic sensor is determined to not be reliable, providing other estimated data for use in
representing actual traffic conditions on the associated road at the associated time.

303. The computer-readable medium of embodiment 297 wherein the computer-readable medium is at least one
of a memory of a computing device and of a data transmission medium transmitting a generated data signal containing
the contents.

304. The computer-readable medium of embodiment 297 wherein the’ contents are instructions that when executed
cause the computing device to perform the method.

305. A computing device configured to provide reliable data from a traffic sensor regarding traffic conditions on an
associated road, comprising: a memory; a first module configured to, after receiving information generated by a
traffic sensor associated with a road that reflects one or more measurements of traffic conditions on the associated
road at multiple distinct times during a period of time, automatically determine reliability of the, generated information
in representing actual traffic conditions on the associated road during the period of time based at least in part on
comparing the generated information to other information previously generated by the traffic sensor to reflect one
or more measurements of traffic conditions on the associated road for one or more other periods of time; and a
second module configured to provide an indication of the determination of the reliability of the generated information
in representing actual traffic conditions on the associated road during the period of time, so as to facilitate travel on
the associated road via use of information that reliably represents actual traffic conditions on the associated road.

306. The computing device of embodiment 305 wherein the automatic determining of the reliability of the generated
information in representing actual traffic conditions on the associated road during the period of time further includes
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determining whether the generated information reflects a minimum number of measurements to provide a sufficient
degree of reliability for the period of time, and wherein the comparing of the generated information to other information
is performed only if the generated information reflects the minimum number of measurements.

307. The computing device of embodiment 305 wherein, if the generated information does not reflect the minimum
number of measurements to provide a sufficient degree of reliability for the period of time, the generated information
is replaced with other estimated data based at least in part on other road traffic data that is related to a portion of
the road corresponding to the traffic sensor, and wherein the provided indication of the determination of the reliability
of the generated information includes providing an indication of the other estimated data.

308. The computing device of embodiment 305 wherein the provided indication of the determination of the reliability
of the generated information includes an indication to use the generated information to represent actual vehicle
travel of the road during the period of time if the generated information is determined to be reliable, and includes
an indication to use other estimated data to represent actual vehicle travel of the road during the period of time if
the generated information is not determined to be reliable.

309. The computing device of embodiment 305 wherein the first and second modules include software instructions
for execution in the memory.

310. The computing device of embodiment 305 wherein the first module consists of a means for, after receiving
information generated by a traffic sensor associated with a road that reflects one or more measurements of traffic
conditions on the associated road at multiple distinct times during a period of time, automatically determining reliability
of the generated information in representing actual traffic conditions on the associated road during the period of
time based at least in part on comparing the generated information to other information previously generated by the
traffic sensor to reflect one or more measurements of traffic conditions on the associated road for one or more other
periods of time, and wherein the second module consists of a means for providing an indication of the determined
reliability of the generated information in representing actual traffic conditions on the associated road during the
period of time.

Claims

1. A computer-implemented method for determining estimated average speed information for vehicles traveling on
roads based on data samples that reflect travel on those roads, the method comprising:

receiving indications of one or more segments of one or more roads, each road segment having multiple asso-
ciated data samples that each reflect a reported speed of a vehicle on the road segment at a reported time;
for each of at least one of the road segments, automatically estimating an average traffic speed of vehicles
traveling on the road segment during a period of time by,
identifying a group of the multiple data samples associated with the road segment whose reported times occur
during the period of time;
determining weights for the data samples of the group based on one or more attributes of those data samples
that affect accuracy of the reported speeds of those data samples, wherein the data samples of the group
include data samples supplied from multiple sources, and wherein the one or more attributes of the data samples
of the group that are used for the determining of the weights include the sources of the data samples such that
data samples of the group from one or more of the multiple sources receive different determined weights than
data samples of the group from one or more other of the multiple sources; and determining the estimated
average traffic speed of vehicles traveling on the road segment during the period of time based at least in part
on a weighted average of the reported speeds of the data samples of the group, the weighted average calculated
using the determined weights; and
using one or more of the estimated average traffic speeds to facilitate travel on the one or more roads.

2. The method of claim 1 wherein the received indications of the one or more segments of the one or more roads
include indications of multiple road segments of the one or more roads, wherein the automatic estimating of the
average traffic speed of the vehicles traveling on each of the at least one road segments during a period of time is
performed for each of multiple periods of time, wherein identifying the group of the multiple data samples associated
with at least one road segment whose reported times occur during a period of time includes:
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receiving information related to current traffic conditions of the multiple road segments during the period of time,
the received information including a plurality of data samples for the period of time that each are reported from
one of multiple vehicles and reflect a reported speed of the one vehicle at a reported location on one of the road
segments at a reported time during the period of time, the multiple vehicles being a subset of all vehicles traveling
on the road segments during the period of time, the received information further including a plurality of additional
data samples for the period of time that each are reported from one of multiple traffic sensors monitoring the
multiple road segments and reflect a reported speed based on one or more speed readings for one or more
vehicles at a location on one of the road segments for one or more reported times during the period of time; and
for each of the multiple road segments, identifying a group of multiple data samples for the road segment for
the period of time, the multiple data samples being from at least one of the plurality of data samples and the
plurality of additional data samples,
and wherein the one or more attributes of the data samples of the group on which the weights for the data
samples are determined include recency of the reported time of a data sample and a source of a data sample,
such that data samples whose reported times are less recent are given less weight than data samples whose
reported times are more recent, and such that data samples reported from vehicles on the one or more roads
are given differing weights than data samples reported from traffic sensors,
so that average traffic speeds are determined for road segments based on data samples reflecting actual vehicle
travel on the road segments that are weighted to reflect recency of the data samples and source of the data
samples.

3. The method of claim 2 further comprising, for each of at least one of the periods of time and each of at least one of
the road segments, dividing the period of time into multiple overlapping time windows and performing the estimating
of the average traffic speed of vehicles traveling on the road segment during the period of time for each of the time
windows using the data samples whose reported times are during the time window, such that at least some of the
data samples are used for multiple time windows and are given differing determined weights for those time windows.

4. The method of claim 2 wherein, for each of at least one of the periods of time and each of at least one of the road
segments, the determining of the estimated average traffic speed of vehicles traveling on the road segment during
the period of time includes generating a confidence value for the estimated average traffic speed to reflect a degree
of possible error in the estimated average traffic speed, and wherein the using of the one or more estimated average
traffic speeds for the period of time includes using the generated confidence values to facilitate future travel on the
one or more roads.

5. The method of claim 1 wherein, for each of one or more of the at least some road segments, the one or more
attributes of the data samples of the group that are used for the determining of the weights further include recency
of the reported times for the data samples.

6. The method of claim 1 wherein, for each of one or more of the at least some road segments, the data samples
associated with the road segment include data samples supplied from multiple sources, and wherein the one or
more attributes of the data samples of the group that are used for the determining of the weights include the sources
of the data samples.

7. The method of claim 6 wherein, for each of at least one of the one or more road segments, one of the multiple
sources for the data samples include one or more vehicles that are traveling on the road segment and that report
data samples based on the traveling, and another of the multiple sources for the data samples include one or more
traffic sensors that monitor the road segment and that report data samples based on readings that reflect passing
vehicles.

8. The method of claim 6 wherein, for each of at least one of the one or more road segments, the multiple sources for
the data samples include multiple vehicles that are traveling on the road segment and that each report one or more
data samples to reflect a location and/or speed of the vehicle.

9. The method of claim 6 wherein, for each of at least one of the one or more road segments, the multiple sources for
the data samples include multiple traffic sensors that monitor the road segment and that each report one or more
data samples based on readings that each reflect one or more passing vehicles.

10. The method of claim 6 further comprising, for each of at least one of the one or more road segments, assessing
reliability of each of the multiple sources for the data samples for the road segment, and wherein the determining
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of the weight for those data samples based on the sources of the data samples is performed such that data samples
whose sources have lower assessed reliability are given less weight than data samples whose sources have higher
assessed reliability.

11. The method of claim 1 wherein, for each of one or more of the at least some road segments, the one or more
attributes of the data samples of the group that are used for the determining of the weights include a total quantity
of the data samples of the group.

12. The method of claim 1 wherein, for each of one or more of the at least some road segments, the data samples
associated with the road segment of the identified group are data samples supplied from one or more vehicles that
are traveling on the road segment during the period of time and that report the data samples based on the traveling,
the one or more vehicles being a subset of all vehicles traveling on the road segment during the period of time, and
wherein the estimated average traffic speed of vehicles traveling on the road segment during the period of time is
determined in such a manner as to estimate the average traffic speed of all the vehicles traveling on the road segment
during the period of time.

13. The method of claim 1 wherein, for each of one or more of the at least some road segments, the estimating of the
average traffic speed of vehicles traveling on the road segment during a period of time is performed for each of
multiple overlapping time windows during the period of time, such that at least some of the associated data samples
for the road segment are used for each of multiple of the time windows.

14. A computer-readable storage medium whose stored contents configure a computing device to perform the method
of any of claims 1-13.

15. A computing system, comprising:

one or more processors; and
one or more components that are configured to perform the method of any of claims 1-13.
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