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Trip Number | Number Perczlll)tlz)nfe of Bytes Financial
of LDPs | of CPs ) Saved Savings*
Transmitted

1 73 20 35.61% 5,593 $0.17
2 363 56 15.42% 36,533 $1.10
3 489 03 13.29% 50,456 $1.50
4 208 73 35.09% 16,065 $0.48
5 357 62 17.37% 35,105 $1.05
6 2330 159 6.80% 257,159 $7.71
7 1022 139 13.60% 105,077 $3.15
8 811 137 16.89% 80,206 $2.40

*Based on 119 bytes per UDP package and a charge of $0.03 per kilobyte

FIG. 8
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METHOD FOR DETERMINING CRITICAL
POINTS IN LOCATION DATA GENERATED
BY LOCATION-BASED APPLICATIONS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority to currently U.S. Provi-
sional Patent Application No. 60/957,299, filed Aug. 22,
2007.

STATEMENT OF GOVERNMENT INTEREST

This invention was made with Government support under
Grant No. 2117770900 and FDOT BD WO#35 awarded by
the Florida Department of Transportation. The Government
has certain rights in the invention.

FIELD OF INVENTION

This invention relates to wireless communication devices
and, in particular, transmitting only necessary location data,
such as GPS fixes, from one medium to another, such as from
a mobile device to a server.

BACKGROUND

The transportation capacity of urban environments serves
as an integral function in modern society. Many transporta-
tion infrastructures are stretched to their limits as, every day,
an increasing number of people travel on highways. The
Transportation Demand Management (TDM) industry seeks
to provide a solution to congested thoroughfares by using
existing roads more efficiently through the adjustment of
commuter travel behavior. This approach to building new
roads has the added advantages of reducing congestion, air
pollution, and fossil fuel consumption as well as providing
mobility solutions for non-drivers.

To provide effective solutions for increased demand, TDM
strategies require an in-depth understanding of the local
area’s transportation patterns. In the past, transportation
experts have relied on self-reporting paper and/or phone sur-
veys to analyze trip characteristics including start and end
times, duration, distance, origin, destination, purpose, mode,
etc. However, these types of surveys have several intrinsic
problems. First, the amount of time and effort required to
complete an accurate travel survey is significant. As a result,
recruiting participants is challenging; often the length of the
study must be limited to one or two days to avoid placing an
undue burden on respondents. Second, the desired level of
detail and accuracy are impeded by self-reporting user errors,
apathy, and intentional or unintentional omissions, particu-
larly on short trips. Finally, once the surveys are collected,
they must be manually post-processed, thus requiring a sig-
nificant amount of time and effort.

In recent years, modern computing devices including Glo-
bal Positioning System (GPS)-enabled mobile phones have
been evaluated as possible replacements for paper and phone
surveys. GPS-enabled mobile phones can be carried by the
user whenever and wherever he or she travels, and provide the
opportunity for recording an individual’s transportation
behavior for any mode of transportation, including travel via
public transit, or non-motorized modes such as walking or
biking. The objective nature of GPS data, combined with the
automated data collection process, can enhance the quality
and quantity of collected data. Mobile phones are also
capable of transferring GPS data to a central database imme-
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diately upon collection, which allows for extended deploy-
ment of the survey. Real-time data connectivity also intro-
duces new services to the traveler such as highly targeted
traffic alerts based on the user’s real-time location and pre-
dicted destination. These services help to reduce traffic con-
gestion while providing the user an incentive to allow their
travel behavior to be monitored.

One of the most important travel characteristics obtained
from GPS data is the user’s route (i.e., the path that he or she
takes from source to destination). Although route information
can be easily obtained without the user’s intervention by
continuously calculating and sending GPS fixes from the cell
phone to a server, this method will quickly drain energy from
the cell phone’s battery. When tracking for an entire day is
desired, power consumption becomes a significant concern
that can render a mobile phone inoperable if resources are not
managed properly by the application. Furthermore, frequent
transmission of unnecessary information not only increases
the cost of the user’s phone bill, but also utilizes additional
network resources. To solve these problems while retaining
the ability to continue tracking the user and reconstructing the
user’s path, new dynamic application-level location manage-
ment algorithms are required.

In terminal-based location methods in which the mobile
device is the primary position-calculating entity, the device
location must be sent to a server to update the system with
real-time position information. Many methods for sending
mobile device positioning updates to a server have been dis-
cussed in existing literature, including polling, zone updates,
distance updates, and dead reckoning.

In polling, a server pulls the position from the mobile
device on a periodic basis, or as requested by the server-side
location-based application. Polling is useful for occasional
position updates, such as displaying the current location of
devices ona map, but is not efficient for real-time applications
with on-board intelligence that relies upon real-time position
information, or for detailed route recording. Periodic updates
are sent from the mobile device to the server after a fixed
interval of time elapses. While it is one of the most commonly
used update methods, a significant amount of unnecessary
data can be sent to the server when small interval values are
used. Additionally, the specific fixed interval must be custom-
ized per application. While large time intervals are more
efficient, they do not meet the needs of real-time or archival
applications.

The mobile device can also send position updates based on
zones and distance. In zone-based methods, the mobile device
sends GPS fixes when it enters or leaves a particular geo-
graphic zone. Distance-based methods trigger a position
update after the mobile phone has exceeded a distance thresh-
old. These two methods must also be customized with a set
interval per application, and tend to send more GPS fixes than
necessary. Distance-based methods also send unnecessary
location updates when the user is traveling in a straight line.

Dead reckoning is another method that determines whether
to send a new GPS fix based on the most recent location data
that was sent to the server, and an estimation function
executed simultaneously on the device and the server. For
example, if the device detects that its position deviates from
what is expected when the estimation function is executed
with the most recent server data, it then sends the new position
to the server. While this method results in fewer transmissions
to the server, it requires the continuous execution of poten-
tially costly estimation functions on both the mobile device
and the server. For significantly resource-constrained
devices, such as those that meet the qualifications of the Java
ME Connected Limited Device Configuration (CLDC), these
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estimation functions may consume significant resources and
may not be feasible for real-time operation.

For tracking applications that run in the background on a
mobile phone for an extended period of time, none of the
above-described positioning update methods provide an effi-
cient means to deliver both real-time Location-Based Ser-
vices (LBS), as well as an accurate record of the user’s travel
path within the same application. Therefore, to achieve highly
efficient LBS, a new method that dynamically adjusts at run-
time is needed.

Many location-based applications are used to track users
with Global Positioning System (GPS)-enabled mobile
devices in real-time. However, the continuous calculation and
transmission of GPS fixes from the mobile device to the main
server consumes a considerable amount of energy and
increases data transmission costs.

SUMMARY OF INVENTION

The invention includes a method of identifying critical
points in a plurality of location data corresponding to a user’s
path of travel. In one embodiment the invention reduces the
number of location data point (LDP) transmissions to a server
for tracking applications that provide both real-time and
archival recording features. The invention of this embodiment
is capable of building an accurate representation of a user’s
path with a reduced number of fixes; thereby extending a
mobile device’s battery life.

The present invention comprises a critical point method,
which dynamically adjusts at run-time to achieve more effi-
cient Location-Based Services (LBS) than currently available
update methods. In an embodiment of the present invention,
the critical point method comprises obtaining a plurality of
location data points (LDPs), reducing the plurality of LDPsto
a series of connected lines, determining the vertices of the
lines, and then transmitting the vertices of the lines to the
main server.

BRIEF DESCRIPTION OF THE DRAWINGS

For a fuller understanding of the invention, reference
should be made to the following detailed description, taken in
connection with the accompanying drawings, in which:

FIG. 1 is a diagram demonstrating how changes in the
direction of a mobile device path are calculated from location
data points in accordance with an embodiment of the present
invention.

FIG. 2 is a simplified flowchart of the critical point method
in accordance with an embodiment of the present invention.

FIG. 3 is a detailed flowchart of the critical point method in
accordance with an embodiment of the present invention.

FIG. 4 is a detailed flowchart of the critical point method
shown with optional evaluations in accordance with an
embodiment of the present invention.

FIG. 5 is a graph comparing the battery life of a mobile
phone for UDP transmission intervals of 15, 30, and 60 sec-
onds in accordance with an embodiment of the present inven-
tion.

FIGS. 6A and 6B are illustrations of a trip showing the
reduction in points using the critical point method in accor-
dance with an embodiment of the present invention. The
transmitted location data points of the trip are shown without
(FIG. 6A) and with (FIG. 6B) the critical point method imple-
mented.

FIGS.7A and 7B are illustrations of a second trip showing
the reduction in points using the critical point method in
accordance with an embodiment of the present invention. The
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4

transmitted location data points of the trip are shown without
(FIG.7A) and with (FIG. 7B) the critical point method imple-
mented.

FIG. 8 is a chart showing the financial saving of data
charges using the critical point method in accordance with an
embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

In the following detailed description of the preferred
embodiments, reference is made to the accompanying draw-
ings, which form a part hereof, and within which are shown
by way of illustration specific embodiments by which the
invention may be practiced. It is to be understood that other
embodiments may be utilized and structural changes may be
made without departing from the scope of the invention.

The invention of a first embodiment filters non-critical
position data from of a plurality of location data, such as a
continuous stream of real-time location data. Location data
points (LDPs) include measurements containing latitude,
longitude, and time-stamp information that represent the
location of a mobile device at a particular moment in time.
LDPs may also include other information such as altitude,
estimated accuracy uncertainty, speed, and heading.

A critical point is an LDP necessary to construct an accu-
rate representation of a user’s travel path. Each travel path
will have at least two critical points, a start point and an end
point. Intermediate points may exist between any two critical
points. Intermediate points may be critical or non-critical
(discussed below). Although all points can be determined
either in real-time or by post processing, it may be common
for the last point to be determined in post-processing as the
system may not have real-time knowledge that any given
point is an end point.

Non-critical data points are redundant or useless data that
do not contribute to the knowledge of the device path. A
straight line, for example, will have only two critical points;
the start point and the end point. Intermediate .LDPs may exist
between the start and end points so that a line drawn between
them would intersect all the intermediate LDPs. These inter-
mediate points are discarded because they do not contribute
additional path information. Non-critical points can also
include information gathered while a device is standing still
(i.e., redundant location data), or data from fallback position-
ing technologies such as Cell ID (i.e., the center point location
area of current cellular coverage) when GPS, or other posi-
tioning system, is not available. Positioning systems always
include some uncertainty in measurements. Non-critical
points therefore include LDPs that are close in proximity but
contain the same basic position information.

The method can be operated on the mobile device with only
the critical data points being added to travel data. In an illus-
trative embodiment the critical data points are then transmit-
ted to an application server, such as over a wireless network.
The invention of this embodiment thereby reduces battery
consumption (i.e., energy costs to the device), bandwidth
consumption (i.e., cost to the network), and the number of
bytes transferred (i.e., cost to the user) by transferring only
Critical points between entities in a L.BS system.

In another embodiment, the method removes all non-criti-
cal data points from a plurality of location data points. In one
variation of this embodiment a previously established plural-
ity of location data points is filtered to remove all non-critical
data points. In another variation, all LDPs are transmitted to
the application server at which time the method is imple-
mented.
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The inventive method can run in real-time, process data
from multiple positioning technologies (including assisted
GPS), and dynamically adjust threshold values and filtering
non-critical points based on real-time velocity measure-
ments. The critical point method is executed each time a new
position is calculated on a mobile device.

All methods of identifying non-critical data points, as
described above, are contemplated. For example, it is possible
to determine a non-critical data point in relation to a previ-
ously established critical data point. In one embodiment, a
first critical data point is established (either by employing the
method or by default as in the case of a start point). Upon
receiving a subsequent LDP, the system compares the direc-
tion of travel at the subsequent LDP to the direction of travel
at the first critical data point. The subsequent LDP is a critical
point wherein the system detects a change in direction
between the first critical point and the subsequent LDP. The
change in direction can be determined by any means know in
the art, such as relying on heading data obtained from GPS
data.

In another embodiment, the method reduces a stream of
LDPs, monitored in real time or during post-processing, into
a series of connected lines. The LDPs corresponding to the
vertices joining these lines are then designated as critical
points. Intermediate points between critical points are dis-
carded.

Example |

A simplified flowchart of an embodiment of method 10 is
shown in FIG. 1. As it can be seen, method 10 takes current
LDP 16 as input. Method 10 first determines if current LDP
16 is the first location 11 or last location 12. If current LDP 16
is either the first or the last LDP, then a critical point has been
found 15 and the critical point is returned. If current LDP 16
is not the first or last LDP, then method 10 determines if
current LDP 16 has changed direction 13. If so, then method
10 has found a critical point 15 and the critical point is
returned. If not, then no critical point is found 14 and method
10 returns null.

Changes in direction (13, FIG. 1) can be detected by a
difference in azimuth values between vectors and a reference
plane. As shown in FIG. 2, method 10 compares the param-
eters of at least three LDPs: last critical point 21, last valid
point 26 and current LDP 27. Current LDP 27 is the most
recently calculated LDP, which will be near real-time. If data
is being post-processed on a server, however, it will be the
current point being analyzed while looping through the data
set in the order in which the LDPs were collected. Last critical
point 21 is the most recent point determined to be critical
using method 10 (including a start point, which is a critical
point by default). Last valid LDP 26 is the most recently
recorded LDP that meets a certain criteria (e.g. has an accu-
racy uncertainty of less than thirty meters (i.e. highly accurate
fix) or is calculated using a certain location technology, such
as GPS, etc.).

First vector 28 is defined by the line between last critical
point 21 and last valid LDP 26. Second vector 25 is defined by
the line between last critical point 21 and current LDP 27.
Azimuth values are determined by the angle between first
vector 28, second vector 25 and reference plane 22. There-
fore, first azimuth 23 is the angle between reference plane 22
and first vector 28, and second azimuth 24 between reference
plane 22 and second vector 25. The change in direction is
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calculated by taking the absolute value of the difference
between first azimuth 23 and second azimuth 24.

Example 2

In another embodiment, a new critical point is recorded
only in response to an LDP which has at least one parameter
surpassing a defined threshold. A speed threshold, for
example, can be used to determine an appropriate minimum
speed that should be used to filter out data when the device is
not moving. LDPs whose speed parameter are below the
speed threshold are designated as non-critical. This method
filters redundant LDPs.

Example 3

In yet another embodiment, multiple speed thresholds are
used to approximate the current mode of transportation. The
mode of transportation is then used to dynamically establish
anazimuth threshold. A large azimuth threshold value may be
useful to optimize the method for walking speeds (i.e., less
than five meters per second), and a smaller azimuth threshold
may be useful for vehicle speeds (i.e., greater than five meters
per second).

A detailed flowchart of such an embodiment is shown in
FIG. 3. An LBS application starts and begins to calculate its
position at a fixed interval. Method 10 executes every time a
new position is calculated, beginning with the start location.
Method 10 also tracks last critical point (21), last valid LDP
(26) and current LDP (27) as shown in FIG. 2. Last critical
point (21) is initialized to null before method 10 runs for the
first time and represents the last point in the sequence of
points that was evaluated as a critical point. Last valid LDP
(26) is also initialized to null before the method runs for the
first time and represents the last point in the sequence of
points that met a specific criteria (i.e. accuracy uncertainty
below a certain value). Current LDP (27) is the most recently
calculated point, which is passed into method 10 repeatedly,
every time a new position is calculated. Each LDP may
include latitude, longitude, speed, and other information.

The mode of transportation is then used to establish angle
and speed thresholds. In first step 31, method 10 takes current
LDP (27) as input. In steps 32 through 36, method 10 deter-
mines the speed of travel of the mobile device from the
current LDP and then determines the mode of transportation.
In step 32, speed is compared to a constant set for maximum
cycling speed. If the device speed is greater than the max
cycling speed, then an automobile is determined as the mode
of transportation in step 34. If the device speed is less than
cycling speed, then the speed is compared to the constant set
for maximum walking speed in step 33. If the speed is greater
than the maximum walking speed, then the mode of transpor-
tation is set to a bicycle in step 35. Ifthe speed is less than the
maximum walking speed, then the mode of transportation is
walking in step 36. Other modes of transportation can be
added to the method and maximum speeds for each mode of
transportation can be changed.

Next, in step 37, method 10 determines whether the current
LDP is the first point. If the current LDP is the first point, then
the last critical point is set to the value of the current LDP in
step 38 and then the last LDP is set to the value of the current
LDP in step 39. In step 40, method 10 returns current LDP as
critical point.

If the current LDP is not the first point, then the change in
direction is calculated, as above for example, in step 41. In
step 42 of this embodiment, the change in direction is com-
pared to an angle threshold, which is the minimum change in
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azimuth when a point should be considered a critical point. A
different angle threshold may be used to determine whether a
LDP is a critical point based on the current speed and/or
estimated mode of transportation. Therefore, the angle
threshold may change based on the value of speed. A larger
threshold can be used, for example, when the mobile device is
moving at slow speeds (i.e. under 10 meters per second).
Conversely, a smaller threshold can be used when the device
is moving at high speeds (i.e. over 10 meters per second).
Threshold values allow fine-tuning for the determination of
critical points based on current environmental conditions,
such as speed and mode of transportation.

It the value of the change in direction is determined in step
42 does not exceed the angle threshold, then the current LDP
is not a critical point. Therefore, in step 48, the last valid LDP
is set to the value of the current LDP, and then, in step 49,
method 10 returns a null value. The value of the last critical
point remains unchanged.

It the value of the change in direction is determined in step
42 exceeds the angle threshold, then the current speed is
compared to the speed threshold in step 43. The speed thresh-
old is the minimum speed at which the mobile device is
considered to be moving. The speed threshold is used to
eliminate the location data “noise” of positions close to the
previously calculated position that may not reflect actual
device movement. This often occurs with positioning tech-
nologies, such as GPS, when a mobile device is not moving.

If the current speed is determined to be below the speed
threshold in step 43, then the current LDP is not a critical
point. Therefore, in step 48, the last valid LDP is set to the
value of the current LDP 48, and then, in step 49, method 10
returns a null value 49. The value of the last critical point
remains unchanged.

If the current speed is determined to exceed the speed
threshold in step 43, then a critical point has been determined;
however, the critical point is not the current LDP, but the last
valid LDP found by method 10. Therefore, in step 39, the last
critical point is set to the value of the last valid LDP, and then,
in step 45, the last valid LDP is set to the value of the current
LDP. Finally, in step 47, method 10 returns the last critical
point as a critical point.

After returning a value, method 10 will be called again by
the LBS application with a newly calculated position, which
will be the new current LDP passed into method 10.

Example 4

In yet another embodiment, the comparison of change in
direction to angle threshold in step 42 and the comparison of
current speed to the speed threshold in step 43, may be com-
pleted in the reverse order. For example, once the current LDP
is determined not to be the first point in step 37, then the
comparison between the current speed and speed threshold in
step 43 occurs. If the current speed exceeds the speed thresh-
old, then step 43 would then be followed the calculation of the
change in direction in step 41 and then the comparison of the
change in direction and angle threshold in step 42.

In another similar example, the calculation in direction of
step 41 may be completed prior to the comparison of the
current speed and speed threshold in step 43.

Example 5

In yet another embodiment, also illustrated by FIG. 3, a
LBS application starts and begins to calculate its position at a
fixed interval of four seconds. Method 10 executes every time
a new position is calculated, beginning with the first LDP.
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The first LDP is determined to be a critical point in step 37
and information about this position is then saved in steps 38
and 39 for use in a later iteration of method 10. Method 10
then returns the critical point to the application in step 40. The
LBS application then transmits the critical point to a server
for processing.

The mobile device then calculates a new position four
seconds later, and the data is passed into method 10 in step 31
by the LBS application. Method 10 generates a null output in
step 49 and no data will be sent by the LBS application to the
server, as method 10 does not have enough information to
determine whether this second point is a critical point. How-
ever, method 10 saves information about this fix for future
calculations 48, which may determine that the point is a
critical point.

The LBS application then calculates a third position, which
is passed as input into method 10 in step 31. If the difference
in the change in direction is determined to exceed the angle
threshold in step 42 and the speed determined for the third
position is found to exceed the speed threshold (i.e., the
device is not stationary) in step 43, the second position is as a
critical point and is returned by the algorithm in step 47.
Information about the second and third position is then saved
in step 39 and 45 for future iterations of method 10. The LBS
application then sends the critical point, the second position,
to the server.

If the angle threshold in step 42 or the speed threshold in
step 43 thresholds is not exceeded, method 10 saves informa-
tion about the second and third fixes in step 48, and generates
a null result in step 49. In this case, because a null value is
return to the LBS application, no fixes are sent to the server.

A fourth fix is then calculated by the LBS application and
passed into method 10 in step 31. If the change in direction
exceeds the angle threshold value in step 42, and the speed
value for the fourth position exceeds speed threshold in step
43, then the third position is established as a critical point. The
third position will be saved as the last critical point in step 39
and return to the LBS application in step 47. The LBS appli-
cation will then send the critical point, the third position, to
the server. Information about the third and fourth positions is
saved in steps 39 and 45 for future iterations of method 10.

If the angle threshold of step 42 or the speed threshold of
step 43 is not exceeded, then method 10 saves the information
about the third and fourth positions in step 48 and returns a
null result to the LBS application in step 49. Here, no posi-
tions are sent to the server as no critical points were found by
method 10.

This process continues until the final position is calculated
by the LBS application and passed through method 10. The
final position is a critical point and will be the last critical
point sent the server for that travel path.

Example 6

In yet another embodiment, several optional conditional
evaluations can be completed by method 10. These evalua-
tions are useful in real-time LBS applications, allowing
method 10 to meet real-time constraints as needed and also
maintaining the more efficient model when real-time features
are not active (e.g., the user is inside a building and is not
actively traveling). The optional conditional evaluations,
including a timer, distance counter, and probing sensor, are
described below and their placement is illustrated in the flow-
chart of FIG. 4. An embodiment of the critical point method
may contain any number of optional evaluations or may not
contain any optional evaluations at all.
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The optional evaluations of step 50 may occur after the
current LDP is determined not to be the first point in step 37
and before the change in direction is calculated in step 41. If
no optional evaluations are performed or an optional evalua-
tion returns a ‘false’ value, then method 10 continues on to
calculate the change in direction in step 41. If an optional
evaluation returns a ‘true’ value, then method 10 skips th
calculation of change in direction in step 41, the comparison
of change in direction and angle threshold in step 42, and the
comparison of speed and speed threshold in step 43. Method
10 then saves the last valid LDP as the last critical point in step
39, saves the current LDP as the last valid LDP in step 45, and
returns the last critical point in step 39. Prior to completion,
method 10 also resets any conditional evaluation variables in
step 51. This example placement of the evaluations of step 50
is not meant to be limiting and other placement and resulting
sequences are anticipated.

In an embodiment, a timer is added to method 10 such that
a LDP is established as a critical point and sent to the server
after a certain amount of time elapses. This ensures that a
position is reported at a minimum given interval, in case the
device is stationary for long periods of time or traveling in a
straight line for an extended period. For example, after thirty
seconds, if a critical point has not been determined, then the
next point obtained by the LBS application and passed into
method 10 is considered a critical point. This can be viewed as
a dynamic transition to a periodic location update method.

In another embodiment, a distance counter is added to
method 10. The distance counter starts after a critical point is
found. While the device is traveling in a straight line, the
distance counter is increased upon each position update (i.e.
upon each iteration of method 10). Once a distance threshold
is exceeded, method 10 returns the next point as a critical
point in step 40 and the L.BS application then sends this point
to the server. This ensures that the server will receive frequent
position updates for a mobile device, even if it is traveling in
a straight line for an extended period of time. This can be
viewed as a dynamic transition to the distance-based location
update method.

In yet another embodiment, a probing sensor is added to
method 10. In this embodiment, if the mobile device is probed
by the server, method 10 determines the next point to be a
critical point and returns the point to the application. The
application then sends the point to the server. This can be
viewed as a dynamic transition to a polling location-update
method.

Implementation and Evaluation

The critical point method was implemented in TRAC-IT, a
Java ME application that runs on GPS-enabled cell phones to
automatically collect user travel behavior.

The JSR179 Location Application Programming Inter-
faces (API) was utilized to request location updates from a
mobile phone. “Java Specification Request (JSR) 179: Loca-
tion API for J2ME™” Sun Microsystems (2007), http:/
jep.org/en/jsr/detail?id=179 (accessed Jun. 30, 2008). More
information regarding the management of location retrieval
using the JSR179 Location Listener can be found in “Loca-
tion API 2.0 for 2ME—A New Standard in Location for
JAVA-enabled Mobile Phones.” S. Barbeau, M. Labrador, P.
Winters, R. Pérez, N. Georggi, Computer Communications,
Vol. 31, Issue 6, pp. 1091-1103 (2008).

A Sanyo SCP-7050 mobile phone with a Sanyo SCP-
22L.BPS 3.7V Lithium Ion 1000 milliampere-hour (mAh)
battery on the Sprint-Nextel Code Division Multiple Access
(CDMA) 1x Radio Transmission Technology (RTT) cellular
network was utilized in testing.
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TRAC-IT was initially designed to transmit GPS fixes to a
server periodically, every four seconds. However, while the
user’s route could accurately be determined, the massive
amount of generated data consumed significant resources on
the mobile device and the server. The graph shown in FIG. 5
illustrates the difference in device battery life for an applica-
tion utilizing the User Datagram Protocol (UDP) to transmit
GPS fixes to a server at fixed transmission intervals of fifteen,
thirty, and sixty seconds until the device’s battery was com-
pletely depleted. As the graph shows, battery life is directly
proportional to the length of the transmission interval, mean-
ing that less frequent wireless transmissions result in a sig-
nificant increase in battery life. By increasing the interval
from fifteen to thirty seconds, battery life is extended from
approximately nine hours (28,400 seconds) to almost seven-
teen hours (61,200 seconds). If the interval is increased fur-
ther to sixty seconds, battery life reaches approximately thirty
hours (108,000 seconds).

FIGS. 6-8 demonstrate results obtained with the critical
point method. FIGS. 6 A and 7A show a series of LDPs along
two different paths without the implementation of the critical
point method. FIGS. 6B and 7B show a series of LDPs along
the same two paths with the critical point method imple-
mented. FIGS. 6 and 7 demonstrate that the critical point
method is able to detect changes in the direction of the user,
and establish critical points at appropriate places, as can be
seen by the reduction in the number of LDPs and the absence
of LDPs along relatively straight paths of travel when the
critical point method is used.

The table of FIG. 8 provides quantitative results on eight
different trips, and an estimate of the cost savings to the
mobile device user produced by the critical point method.
These results were obtained running the critical point method
without any optional evaluations implemented. As shown in
FIG. 8, on average, the critical point method sent less than
20% of the LDPs to the server.

As shown, a method is provided having improved capabil-
ity and functionality over the prior art. The critical point
method provides a reduction in the number of location fixes
that a positioning system (or GPS)-enabled mobile device
needs to transmit to a server, resulting in savings of energy
and communication costs, while allowing the application to
continuously track the mobile device in real-time.

Itwill be seen that the advantages set forth above, and those
made apparent from the foregoing description, are efficiently
attained and since certain changes may be made in the above
construction without departing from the scope of the inven-
tion, it is intended that all matters contained in the foregoing
description or shown in the accompanying drawings shall be
interpreted as illustrative and not in a limiting sense.

It is also to be understood that the following claims are
intended to cover all of the generic and specific features of the
invention herein described, and all statements of the scope of
the invention, which, as a matter of language, might be said to
fall there between. Now that the invention has been described,

What is claimed is:

1. A method of identifying critical points in travel path of a
mobile device, the method comprising:

acquiring location data with a location positioning system

of the mobile device to identify a travel path of the
mobile device, the location data comprising a plurality
of location data points;

identifying a first critical point in the travel path of the

mobile device;

identifying a first location data point in the location data;

determining a first azimuth value for the first critical point

and the first location data point;
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identifying a second location data point in the location

data;

determining a second azimuth value for the first critical

point and the second location data point;

determining a speed of the mobile device;

determining a mode of transportation of the mobile device

based upon the speed of the mobile device;

setting an azimuth threshold value based at least in part

upon the determined mode of transportation of the
mobile device;

identifying the second location data point as a second criti-

cal point in the travel path of the mobile device if the
absolute value of a difference between the first azimuth
value and the second azimuth value is greater than the
azimuth threshold value determined by the mode of
transportation of the mobile device.

2. The method of claim 1, wherein the second location data
point is identified as a non-critical point in the travel path of
the mobile device if the absolute value of the difference
between the first azimuth value and the second azimuth value
is not greater than the azimuth threshold value determined by
the mode of transportation of the mobile device.

3. The method of claim 1, wherein the azimuth threshold
value increases as the speed of the mobile device decreases
and the azimuth threshold value decreases as the speed of the
mobile device increases.

4. The method of claim 1, wherein the first azimuth value is
equal to an angle measurement between a projected vector
extending between the first critical point and the first location
data point relative to a reference vector and the second azi-
muth value is equal to an angle measurement between a
projected vector extending between the first critical point and
the second location data point relative to the reference vector.

5. The method of claim 1, wherein the plurality of location
data points each comprise data selected from the group con-
sisting of latitude, longitude, time-stamp information, alti-
tude, estimated accuracy uncertainty, speed, heading and
combinations thereof.

6. The method of claim 1, wherein the critical points are
identified by the mobile device.

7. The method of claim 1, further comprising transmitting
the critical points to an application server.

8. The method of claim 1, further comprising tracking a
duration of time after the first critical point has been identi-
fied, and if the duration of time exceeds a predetermined
threshold, identifying the second data location point as a
second critical point.

9. The method of claim 1, further comprising tracking a
distance traveled by the mobile device after the first critical
point has been identified, and if the distance traveled exceeds
a predetermined threshold, identifying the second data loca-
tion point as a second critical point.

10. The method of claim 1, further comprising, polling the
mobile device and upon polling the mobile device, identify-
ing the second data location point as a second critical point.

11. The method of claim 1, wherein the mode of transpor-
tation is selected from the group consisting of walking, bicy-
cling and driving.

12. The method of claim 1, wherein determining the mode
of transportation of the mobile device further comprises:

establishing a maximum speed associated with a first mode

of transportation;

establishing a maximum speed associated with a second

mode of transportation, wherein the maximum speed for
the second mode of transportation is greater than the
maximum speed for the first mode of transportation;
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comparing the speed of the mobile device to the maximum
speed associated with the first mode transportation and
determining the mode of transportation to be the first
mode of transportation if the speed of the mobile device
is less than the maximum speed of the first mode of
transportation; and

comparing the speed of the mobile device to the maximum
speed associated with the second mode of transportation
and determining the mode of transportation to be the
second mode of transportation if the speed of the mobile
device is less than the maximum speed associated with
the second mode of transportation.

13. The method of claim 12, further comprising comparing
the speed of the mobile device with the maximum speed
associated with the second mode of transportation and deter-
mining the mode of transportation to be a third mode of
transportation if the speed of the mobile device is greater than
the maximum speed associated with the second mode of
transportation.

14. The method of claim 12, wherein an azimuth threshold
value associated with the first mode of transportation is
greater than an azimuth threshold value associated with the
second mode of transportation and the azimuth threshold
value associated with the second mode of transportation is
greater than an azimuth threshold value associated with the
third mode of transportation.

15. A mobile device, comprising:

a positioning system, comprising a global positioning sys-
tem device, configured to acquire location data for a
travel path of the mobile device, the location data com-
prising a plurality of location data points;

a critical point identification system, comprising a proces-
sor, in communication with the positioning system, the
critical point identification system configured to locate a
first critical point in the travel path of the mobile device,
to identify a first location data point in the location data,
to determine a first azimuth value for the first critical
point and the first location data point, to identify a sec-
ond location data point in the location data,

to determine a second azimuth value for the first critical
point and the second location data point, to determine
the speed of the mobile device, to determine a mode of
transportation of the mobile device based upon the deter-
mined speed of the mobile device, to set an azimuth
threshold value based at least in part upon the deter-
mined mode of transportation of the mobile device, and
to identify the second location data point as a second
critical point in the travel path of the mobile device if the
absolute value of a difference between the first azimuth
value and the second azimuth value is greater than the
azimuth threshold value determined by the mode of
transportation and if the speed of the mobile device is
greater than a predetermined speed threshold value.

16. The mobile device of claim 15, wherein the azimuth
threshold value increases as the speed of the mobile device
decreases and the azimuth threshold value decreases as the
speed of the mobile device increases.

17. The mobile device of claim 15, wherein the first azi-
muth value is equal to an angle measurement between a
projected vector extending between the first critical point and
the first location data point relative to a reference vector and
the second azimuth value is equal to an angle measurement
between a projected vector extending between the first critical
point and the second location data point relative to the refer-
ence vector.

18. The mobile device of claim 15, wherein the plurality of
location data points each comprise data selected from the
group consisting of latitude, longitude, time-stamp informa-
tion, altitude, estimated accuracy uncertainty, speed, heading
and combinations thereof.
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19. The mobile device of claim 15, further comprising a
communication system in communication with the critical
point identification system, the communication system to
transmit the critical points to an application server.

20. A non-transitory, tangible computer readable storage
medium bearing software instruction for enabling a computer
to identify critical points in a travel path of a mobile device,
the software instructions including instructions for:

acquiring location data for the travel path of the mobile

device, the location data comprising a plurality of loca-
tion data points;

identifying a first critical point in the travel path of the

mobile device;

identifying a first location data point in the location data;

determining a first azimuth value for the first critical point

and the first location data point;

identifying a second location data point in the location

data;

determining a second azimuth value for the first critical

point and the second location data point;

determining a speed of the mobile device;

determining a mode of transportation of the mobile device

based upon the speed of the mobile device

setting an azimuth threshold value based at least in part

upon the determined mode of transportation of the
mobile device;

identifying the second location data point as a second criti-

cal point in the travel path of the mobile device if the
absolute value of a difference between the first azimuth
value and the second azimuth value is greater than the
azimuth threshold value determined by the mode of
transportation of the mobile device.

21. The computer readable storage medium of claim 20,
wherein the second location data point is identified as a non-
critical point in the travel path of the mobile device if the
absolute value of the difference between the first azimuth
value and the second azimuth value is not greater than the
azimuth threshold value determined by the mode of transpor-
tation of the mobile device.

22. The computer readable storage medium of claim 20,
wherein the azimuth threshold value increases as the speed of
the mobile device decreases and the azimuth threshold value
decreases as the speed of the mobile device increases.

23. The computer readable storage medium of claim 20,
wherein the first azimuth value is equal to an angle measure-
ment between a projected vector extending between the first
critical point and the first location data point relative to a
reference vector and the second azimuth value is equal to an
angle measurement between a projected vector extending
between the first critical point and the second location data
point relative to the reference vector.

24. The computer readable storage medium of claim 20,
wherein the plurality of location data points each comprise
data selected from the group consisting of latitude, longitude,
time-stamp information, altitude, estimated accuracy uncer-
tainty, speed, heading and combinations thereof.

25. The computer readable storage medium of claim 20,
further including instructions for transmitting the critical
points to an application server.

26. The computer readable storage medium of claim 20,
further including instructions for tracking a duration of time
after the first critical point has been identified, and if the
duration of time exceeds a predetermined threshold, identi-
fying the second data location point as a second critical point.

27. The computer readable storage medium of claim 20,
further including instructions for tracking a distance traveled
by the mobile device after the first critical point has been
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identified, and if the distance traveled exceeds a predeter-
mined threshold, identitying the second data location point as
a second critical point.

28. The computer readable storage medium of claim 20,
further including instructions for, upon polling the mobile
device with an application server, identifying the second data
location point as a second critical point.

29. The computer readable storage medium of claim 20,
wherein the mode of transportation is selected from the group
consisting of walking, bicycling and driving.

30. The computer readable storage medium of claim 20,
wherein identifying the mode of transportation of the mobile
device further comprises:

establishing a maximum speed associated with a first mode

of transportation;
establishing a maximum speed associated with a second
mode of transportation, wherein the maximum speed for
the second mode of transportation is greater than the
maximum speed for the first mode of transportation;

comparing the speed of the mobile device to the maximum
speed associated with the first mode transportation and
determining the mode of transportation to be the first
mode of transportation if the speed of the mobile device
is less than the maximum speed of the first mode of
transportation; and

comparing the speed of the mobile device to the maximum

speed associated with the second mode of transportation
and determining the mode of transportation to be the
second mode of transportation if the speed of the mobile
device is less than the maximum speed associated with
the second mode of transportation.

31. The computer readable storage medium of claim 30,
further comprising comparing the speed of the mobile device
with the maximum speed associated with the second mode of
transportation and determining the mode of transportation to
be a third mode of transportation if the speed of the mobile
device is greater than the maximum speed associated with the
second mode of transportation.

32. The computer readable storage medium of claim 30,
wherein an azimuth threshold value associated with the first
mode of transportation is greater than an azimuth threshold
value associated with the second mode of transportation and
the azimuth threshold value associated with the second mode
of transportation is greater than an azimuth threshold value
associated with the third mode of transportation.

33. The method of claim 1 wherein the location data
acquired with the location positioning system of the mobile
device is transmitted to an application server and the steps of
identifying a first critical point in the travel path of the mobile
device, identifying a first location data point in the location
data, determining a first azimuth value for the first critical
point and the first location data point, identifying a second
location data point in the location data, determining a second
azimuth value for the first critical point and the second loca-
tion data point, determining a speed of the mobile device,
determining a mode of transportation of the mobile device
based upon the speed of the mobile device, setting an azimuth
threshold value based at least in part upon the determined
mode of transportation of the mobile device, and identifying
the second location data point as a second critical point in the
travel path of the mobile device if the absolute value of a
difference between the first azimuth value and the second
azimuth value is greater than the azimuth threshold value
determined by the mode of transportation of the mobile
device are performed by the application server.
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