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(57) Abrege/Abstract:

A method and system for generating fixed transit routes Is provided. A first set of street network segments within a first threshold
distance from a starting point Is identified for a pattern inputted by a user. A proxy first point along each of the street network
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(57) Abrege(suite)/Abstract(continued):
segments In the first set Is also Identified. A second set of street network segments within a second threshold distance from an

ending point is identified for the pattern inputted by the user. A proxy second point along each of the street network segments in the
second set Is also Identified. A best path for the pattern Is determined including any one of the proxy first points along the street
network segments In the first set and any one of the proxy second points along the street network segments in the second set.
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ABSTRACT

A method and system fér generating fixed transit routes 1s provided. A first
set of street network segments within a first threshold distance from a starting point is
identified for a pattern inputted by a user. A proxy first point along each of the street
network segments in the first set is also identified. A second set of street network segments
within a second threshold distance from an ending point is identified for the pattern inputted
by the user. A proxy second point along each of the street network segments in the second
set 1s also identified. A best path for the pattern is determined including any one of the
proxy first points along the street network segments in the first set and any one of the proxy

second points along the street network segments in the second set.
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FOK
ROUTES

Field of the Invention

[0001] The present invention relates generally to transit. In particular, the invention

relates to a method and system for generating fixed transit routes.
Background of the Invention

10002] Fixed-route transit is known. A set of fixed transit routes is established for a
geographic area, and a schedule is set for each. The fixed transit routes and the schedules
can be selected based on many factors, including population and ridership distribution, street
route suitability and safety, employment centers, etc. Fixed route transit 1s typically
subsidized by metropolitan, state/provincial and/or federal government. As a result, it is
desirable to provide such fixed-route transit services as efficiently as possible.

[0003] Some transit organizations that provide fixed-route transit services review and
modify their fixed transit routes frequently. These changes may be made in response to
changes in ridership along the current routes, changing population distributions, changes 1n
available funding, changes in the availability of vehicles and/or operators, school and
university calendar changes, etc. When such transit organizations modity their fixed transit
routes, they typically re-generate a transit route map by hand. The transit route map is

generated by tracing each fixed transit route over a street network map. Each fixed transit

route can include a number of patterns. Patterns are the paths followed by a vehicle from
one end of a route to another end. The outgoing trip in one direction is generally treated as a
separate pattern from the incoming trip along the other direction for a fixed transit route.
Each of these two patterns has timing information for stops along the route. Further, the
vehicle path may be altered during some periods of the day or on weekends. For example, a
vehicle may be diverted away from a busy intersection during rush hour. A separate pattern
is defined to demarcate the new path taken by the vehicle. Each pattern must be traced tfor a
fixed transit route. The process of tracing each of the patterns of each fixed transit route for

a transit network can take a significant amount of time, weeks in many cases.
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[0004] Currently, computer systems exist for generating transit route maps. Such
computer systems present a street map to a user to enable the user to input patterns that
make up the fixed transit routes. Each pattern is inputted by a user by marking on the street
map the starting and ending points of the pattern and, optionally, a number of intermediate
points along the pattern. The computer system then determines a path between the points
defined by the user using a street routing algorithm and a street network database. The street
network database stores street network segments. Each street network segment represents a
stretch of road between points at which more than one path is available (i.e., an intersection).
The street routing algorithm creates projections by linking street network segments.

[0005] The street routing algorithm requires a starting point and an ending point to
generate a pattern along a street network. The computer system maps the starting point and
ending point for a pattern provided by a user onto a street network in order to determine
these inputs for the street routing algorithm. In particular, the computer system maps the
starting point and ending point inputted by the user by determining the closest street network
segments to each. In the case where two or more street network segments are equidistant to
the starting or ending point, one of the street network segments is selected randomly. If the
selected street network segment adjacent the starting point is a one-way street, the start of
the pattern generated by the street routing algorithm may travel further away from the
ending point. Similarly, if the selected street network segment adjacent the ending point is a
one-way street, the end of the pattern generated by the street routing algorithm may
overshoot the ending point before returning to it. Even if the selected adjacent street

network segment is not one-way, it may yield a less-than-desirable route.

[0006] It can be desirable to generate fixed transit routes that have expected travel times
of a certain length or less in some cases. By providing service whereby vehicles are
expected to depart at the same number of minutes past the hour for each hour for periods, or
all, of the day, clients can more easily plan their trips using the fixed-route transit service. In
such cases, there is benefit to having the expected round trip time for a vehicle to perform
the fixed transit route be under an hour. If the expected travel time for a vehicle to perform
the fixed transit route exceeds an hour, another vehicle and driver need to be deployed along
the route to adhere to the desired schedule. Thus, by determining better paths for fixed

transit routes, both equipment and personnel costs can be kept down.
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[0007] It is therefore an object of the invention to provide a novel method and system

for generating fixed transit routes.

Summary of the Invention

[0008] According to an aspect of the invention, there is provided a method for
generating fixed transit routes, comprising;

identifying a first set of street network segments within a first threshold distance
from a first point for a pattern inputted by a user, and a proxy first point along each of
said street network segments in said first set;

identifying a second set of street network segments within a second threshold
distance from a second point for said pattern inputted by said user, and a proxy second
point along each of said street network segments in said second set; and

determining a best path for said pattern including any one of said proxy first
points along said street network segments in said first set and any one of said proxy
second points along said street network segments in said second set.
[0009] The identifying said first set can include:

determining a shortest distance from said first point to any one of said street
network segments adjacent said first point; and

determining said first threshold distance as a multiple of said shortest distance.
[0010] The identifying said first set can further include setting said shortest distance to a
minimum threshold if said shortest distance is below said minimum threshold.
[0011] The identifying said second set can include:

determining a shortest distance from said second point to any of said street
network segments adjacent said second point; and

determining said second threshold distance as a multiple of said shortest distance.
[0012] The identifying said second set can further include setting said shortest distance
to a minimum threshold if said shortest distance is below said minimum threshold.
0013} The method can further include iteratively performing said identifying of said
first and second sets and said determining for pairs of points along said pattern, said pairs
deﬁning pattern sections. The method can still further include connecting said pattern

sections to form said pattern.

-3 - 74543-76 (KB/MC)
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[0014] The determining can include:
creating temporary network segments from said first point to each of said proxy
first points along said street network segments in said first set, and from said second point
to each of said proxy second points along said street network segments in said second set;
5 determining said best path from said first point and along any one of said
temporary network segments to said proxy first points along said street network segments
in said first set to said second point via any one of said temporary network segments to
said proxy second points along said street network segments in said second set.
[0015] The method can further include storing a portion of said best path from said
10  proxy first point adjacent said first point to said proxy second point adjacent said second
point.
[0016] According to another aspect of the invention, there is provided a computer
system for generating fixed transit routes, comprising:
computer-executable instructions executed by a processor identifying a first set of
15  street network segments within a first threshold distance from a first point for a pattern
inputted by a user and a proxy first point along each of said street network segments 1n
said first set, identifying a second set of street network segments within a second
threshold distance from a second point for said pattern inputted by said user and a proxy
second point along each of said street network segments in said second set, and
20  determining a best path for said pattern including any one of said proxy first points along
said street network segments in said first set and any one of said proxy second points

along said street network segments in said second set.
[0017] According to a further aspect of the invention, there is provided a computer-

readable medium having stored thereon computer-executable instructions implementing an

25  application for generating fixed transit routes, said application identifying a first set of street
network segments within a first threshold distance from a first point for a pattern inputted by

a user, and a proxy first point along each of said street network segments in said first set,
identifying a second set of street network segments within a second threshold distance from
a second point for said pattern inputted by said user, and a proxy second point along each of
30 said street network segments in said second set, and determining a best path for said pattern

including any one of said proxy first points along said street network segments in said first

-4 - 74543-76 (KB/MC)
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set and any one of said proxy second points along said street network segments 1n said

second set.

Brief Description of the Drawings

[0018] Embodiments will now be described, by way of example only, with reference to
the attached Figures, wherein:

[0019] Figure 1 is a schematic diagram of a computer system for generating fixed
transit routes in accordance with an embodiment of the invention;

[0020] Figure 2 shows a street network having a set of locations inputted by a user for
defining a pattern of a fixed transit route;

[0021] Figure 3 shows the street network of Figure 2 having a path determined for the
pattern using the approach of the prior art;

[0022] Figure 4 is a flow chart of the general method of generating fixed transit routes
using the computer system of Figure 1;

[0023] Figure 5 is a flow chart of the process for determining a path for a pattern section
in the method of Figure 4;

[0024] Figure 6 shows a region of the street network around a starting point of the
pattern of Figure 2 showing the distance to adjacent street network segments;

[0025] Figure 7 illustrates a region of the street network around the ending point of the
pattern of Figure 2 showing the distance to two adjacent street network segments;

[0026] Figure 8 shows the street network of Figure 2 showing the best-found path for

the pattern using the method of Figure 4; and
[0027] Figure 9 shows various street network segments that may be identified as

possible starting street network segments for the pattern using an alternative method.
Detailed Description of the Embodiments

[0028] A computer system 20 for generating fixed transit routes in accordance with an
embodiment of the invention is shown in Figure 1. As shown, the computer system 20 has a
number of physical and logical components, including a central processing unit (“CPU”) 24,
random access memory (“RAM”) 28, an input/output (“I/O”) interface 32, a network

interface 36, non-volatile storage 40, and a local bus 44 enabling the CPU 24 to
- - 74543-76 (KB/MC)
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communicate with the other components. The CPU 24 executes an operating system, a
fixed transit route-generating application. RAM 28 provides relatively-responsive volatile
storage to the CPU 24. The I/O interface 32 allows for input to be received from one or
more devices, such as a keyboard, a mouse, etc., and outputs information to output devices,
such as a display and/or speakers. The network interface 36 permits communication with
other systems. Non-volatile storage 40 stores the operating system and programs, including
computer-executable instructions for implementing the fixed transit route-generating
application. Additionally, the non-volatile storage 40 stores a street network database and
fixed transit routes generated by the fixed transit route-generating application. During
operation of the computer system 20, the operating system, the programs and the data may
be retrieved from the non-volatile storage 40 and placed in RAM 28 to facilitate execution.
[0029] The street network database stored in non-volatile storage 40 stores information
about a set of street network segments for one or more geographic areas. Each street ‘
network segment represents a stretch of road in a particular direction between points at
which more than one path is available (i.€., an intersection). Thus, a stretch of road between
two intersections along which travel is permitted in two directions is represented with two
street network segments, one in each direction. The street network database also stores
information about the length of and travel time data for each street network segment.
Further, the street network database stores information regarding permissible and/or
impermissible transfers from one street network segment to an adjacent one. An example of
this is times of day that a left turn is permissible and impermissible at an mtersection.

[0030] When fixed transit routes have to be generated, a user inputs data for each

pattern that makes up the fixed transit route. Each fixed route typically includes two or
more patterns. Patterns are the paths followed by a vehicle from one end of a route (1.€., a
starting point) to another end (i.e., an ending point). The outgoing trip in one direction 1s
generally treated as a separate pattern from the incoming trip along the other direction for a
fixed route. Further, different patterns can be defined for a fixed transit route for different
periods of a day, or different days. During heavier periods of traffic and/or passenger loads,
a different pattern, or path, may be defined for a route. For example, a pattern may be
defined for a fixed transit route to avoid an intersection that becomes very slow during rush

hour. Also, a pattern may be defined to provide express service from a service area of a

-6 - 74543-76 (KB/MC)




10

15

20

25

30

. . .. L. Vit s wess S . . " e S vEale o LI O R ) . —_ - RS STy R TP TR op sesd 5 o S
. . mn te w0 et . ce o me B RS P plpmS e v s oo e e . . ;. . 1D Staatis S WP LAY L. O Ut P I P P R RS SRR ST IN l: DLN k- i et o sl ey i s A P Rt B e L e T g S O AL et A
) ot v, d — 0L A . ] ] . ¢ o~ v AN . e e o g taty o - " ——— R R M - A sl IO . P N ' 2 oot - 3 < wi
T ‘6 >, Ny B T I A e AT A e H"iﬁ&.ﬁ\\'"' N o, TR T i QW \.é&. L TP e N vy £ M g e ol A e e O T N LA oA c 5 Nt - S g p= Y M , y - - U 0 ~ r >
= b s ) A - o g A .. .

CA 02749016 2011-08-15

fixed transit route that is more remote from an urban center. All of these patterns are
defined in order to define the fixed transit route. Each pattern has timing information for
stops along the route relative to the starting time for the pattern.

[0031] In order to define a pattern, a user identifies a starting point, an ending point and,
optionally, one or more intermediate points. This is enabled by a marking module of the
fixed transit route-generating application. The marking module enables the user to input
these points by manually marking them on a street map presented on a display. The
geolocation of each of the manually-entered points is determined in order to store the points
identified by the user. The marking may be done using a mouse pointer and clicking on the
street map, but can also be done in various other manners, such as via touching a touch
screen. Alternatively, instead of manually entering the points on a map, the geolocation for
each point can be entered by the user as a set of coordinates, such as latitude and longitude.
[0032] Figure 2 shows a set of points having been identified for a pattern on a street
map. The street map in this case includes a number of one-way streets, marked with
directional arrowheads. A starting point, labeled A, is shown adjacent an intersection. Two
intermediate points, B and C, have been inputted to identify a general path that the pattern 1s
to follow. An ending point, labeled D, is also shown. As can be seen, the ending point D
lies in the middle of a block, not being immediately adjacent to any street network segment.
As will be understood, once entered, the points can be deleted, moved, etc.

[0033] Upon entry and approval of the points for a pattern by a user, the marking
module saves the points for the pattern in non-volatile storage 40. These points can then be

used as a template for a similar pattern, such as for an alternate pattern for the same fixed

transit route. The association of the pattern with a particular fixed transit route is also saved.
[0034] The user identifies starting and ending points, together with any intermediate
points, for each pattern for each fixed transit route in this manner. Once this has been done
for all of the patterns of the fixed transit routes, the process of generating the fixed transit
routes can be commenced by the user.

[0035] If street network segments are selected for the start and end of a section of a
pattern solely based on proximity to the points at the ends of the section, and 1f street

network segments are randomly selected where there is a tie in proximity, the path

-7 - 74543-76 (KB/MC)
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determined for a pattern section and, thus, pattern and fixed transit route and can be less-
than-desirable.

[0036] Figure 3 shows such a resulting path 80 for the pattern of Figure 2. In this case,
if 4™ Street, a one-way street, is deemed to be closest to the starting point A and 1s selected
for generating the path, the pattern may veer away from the destination, D. Further, if ond
Street, another one-way street, is deemed to be the closest to the ending point D and 1s
selected for generating the path, the pattern may travel a longer path than necessary.

[0037] Figure 4 shows the method of generating fixed transit routes using the computer
system 20 of Figure 1 generally at 100. In the method 100, the fixed route-mapping
application determines sets of street network segments within a threshold distance from the
end points of sections of a pattern inputted by a user. A pattern can be one section or
divided into two or more sections. Pattern sections are demarcated by the starting,
intermediate and ending points inputted by the user for the pattern. Further, for each pattern
section, a proxy first point is determined along each street network segment within a
threshold distance from the first point of the pattern section, and a proxy second point 1s
determined along each street network segment within a threshold distance from the second
point of the pattern section. A proxy first point is the point along a street network segment
determined to be closest to the first point of a pattern section. Similarly, a proxy second
point is the point along a street network segment determined to be closest to the second
point of the pattern section. Once the sets of street network segments close to the end points
of the pattern section and the proxy end point for each end point has been identified, the

fixed transit route-generating application uses a street routing algorithm to determine the

best path from the first point through the street network segments in the first set and the
street network segments in the second set, to the second point. This is iteratively performed
for each section of each pattern of each fixed transit route.

[0038] The method 100 commences with the selection of a fixed transit route (110).
The fixed transit route-generating application retrieves all of the data for all of the patterns
for a fixed transit route from non-volatile storage. Then, a pattern of the selected fixed
transit route is selected (120). Next, a next uncharted pattern section 1s selected (130). A
section between two sequential points inputted for the pattern that has not yet been

examined is chosen. The sections of the pattern are selected in the order of travel of the

- 8- 74543-76 (KB/MC)
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pattern. That is, the pattern section between the starting point and the intermediate point
next along the pattern from the starting point is selected first, with subsequent sections being
selected thereafter. Thus, for the pattern illustrated in Figure 2, the pattern is divided nto
three sections (A-B, B-C and C-D), and the section between the starting point A and the
intermediate point B is the first selected. Next, the path for the selected pattern section 1s
determined (140).

[0039] Figure 5 shows the method 140 of determining the path for the selected pattern
section in greater detail. First, the fixed transit route-generating application identifies the
street network segment closest to the first point of the selected pattern section (141). The
street network segment closest to the first end point (or “first point”) and the distance thereto
are determined for the pattern section. The fixed transit route-generating application reads
the geolocation coordinates for the first point and identifies street network segments in the
street network database that are relatively close to the first point. Each of these street
network segments is then examined to determine the shortest distance between 1t and the
first point. Additionally, for each of these street network segments, the point along its
length closest to the first point (i.e., the proxy first point) is registered. The fixed transit
route-generating application identifies the street network segment closest to the first point
based on the shortest distances calculated.

[0040] Once the street network segment closest to the first point has been identified, a
first threshold distance is determined (142). The fixed transit route-generating application
sets the first threshold distance as 20% larger than the shortest distance between the first

point and the street network segment identified as being closest to the first point at 141.

Next, the street network segments within the first threshold distance from the first point are
identified (143). The fixed transit route-generating application then determines which of the
street network segments are within the first threshold distance from the first pomnt by
examining the shortest distances calculated for each at 141. The set of street network
segments within the first threshold distance from the first point is then stored in non-volatile
storage 40, together with the proxy first point for each selected street network segment in the

set.

[0041] Figure 6 shows the region around the starting point A. The fixed transit route-

generating application identifies that street network segment 204 is closest to the first point

-9 - 74543-76 (KB/MC)
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for the first pattern section, starting point A, at 141, even though street network segment 204
travels in a direction away from the second point B and ending point D. In particular, the
fixed transit route-generating application determines that a proxy first point 212 along street
network segment 204 is a distance 208 from the starting point A. As a result, the fixed
transit route-generating application sets the first threshold distance as 20% larger than
distance 208 at 142. In examining all of the relatively-close street network segments, the
fixed transit route-generating application determines that two other street network segments
216 are within the first threshold distance from the starting point A at 143. Street network
segments 216 include one street network segment traveling to the south-east and one
traveling to the north-west. That is, distance 220 from the starting point A to a proxy first
point 224 is less than or equal to 1.2 times distance 208. Thus, the set of street network
segments identified at 143 include street network segment 204 and street network segments
216.

[0042] Returning again to Figure 5, the fixed transit route-generating application then
identifies the street network segment closest to the second point and the distance thereto
(144). The fixed transit route-generating application reads the geolocation coordinates for
the second point and identifies street network segments in the street network database that
are relatively close to the second point. Each of these street network segments is then
examined to determine the shortest distance between it and the second point. Additionally,
for each of these street network segments, the point along its length closest to the second
point (i.e., the proxy second point) is registered. The fixed transit route-generating

application identifies the street network segment closest to the second point based on the

shortest distances calculated.

[0043] Once the street network segment closest to the second point has been identified,
the second threshold distance is determined (145). The fixed transit route-generating
application sets the second threshold distance as 20% larger than the shortest distance
between the second point and the street network segment identified as being closest to the
second point at 144. Then, the street network segments within the second threshold distance
from the second point are identified (146). The fixed transit route-generating application
then determines which of the street network segments are within the second threshold

distance from the second point by examining the shortest distances calculated for each at

- 10 - 74543-76 (KB/MC)
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144. The set of street network segments within the second threshold distance from the
second point is then stored in non-volatile storage 40, together with the proxy second point
for each street network segment in the set.

[0044] Figure 7 shows the region around the ending point D during analysis of the last
section in the pattern of Figure 2. The fixed transit route-generating application identifies
that street network segment 228 is closest to the second point, ending point D, at 144, even
though street network segment 228 travels to ending point D from an opposite direction
from the first point (i.e., the preceding intermediate point C). In particular, the fixed transit
route-generating application determines that a proxy second point 232 along street network
segment 228 is a distance 236 from the second point D. As a result, the fixed transit route-
generating application sets the second threshold distance as 20% larger than distance 236.
In examining all of the relatively-close street network segments, the fixed transit route-
generating application determines that one other street network segment 240 1s within the
second threshold distance from the second point D. Street network segment 240 travels
along 1% Street, which is one-way at that point, traveling to the west. That is, distance 244
from a proxy second point 248 to the ending point D is less than or equal to 1.2 times
distance 236. Thus, the set of street network segments identified at 146 for the last section
of the pattern of Figure 2 includes street network segment 228 and street network segment
240.

[0045] Returning again to Figure 5, once the set of street network segments within the
first threshold distance from the first point and the set of street network segments within the

second threshold distance from the second point are determined, the best path is determined

using the sets of street network segments (147). The fixed transit route-generating
application uses a street routing algorithm to determine the best path. In particular, the street
routing algorithm generates temporary street network segments from the first point to the
proxy first point(s) and from the proxy second point(s) to the second point. Then, the street
routing algorithm determines the shortest path from the first point to the second point using
the temporary street network segments and the street network. The best path is selected
based on the shortest time to travel from the first to the second point. The fixed transit
route-generating application registers the portion of the best path that traverses the street

network, together with the expected time to traverse the best path and the distance for the

- 11 - 74543-76 (KB/MC)
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same. Once the best path for the selected pattern section is registered, the fixed transit route-
generating application discards the temporary street network segments between the first
point and the proxy first points. The temporary street network segments can be cached for
determining the best path for a subsequent pattern section.

[0046] Returning again to Figure 4, once the fixed transit route-generating application
has determined and registered the path for a pattern section, it determines 1f there are any
remaining pattern sections to be mapped for the pattern (150). If it 1s determined that there
are sections remaining for the pattern for which the path has not been determined at 150,
then the next uncharted section for the pattern is selected at 130. If, instead, it is determined
that there are no remaining uncharted sections for the pattern at 150, then the pattern
generated from the paths for the pattern sections (160). The fixed transit route- generating
application joins together the paths for each pattern section to generate the pattern.

[0047] Next, it is determined if there are unanalyzed patterns remaining for the selected
fixed transit route (170). If it is determined that there are unmapped patterns for the selected
fixed transit route, another pattern for the fixed transit route is selected for mapping at 120.
If, instead, it is determined that there are no remaining unmapped patterns for the selected
fixed transit route at 170, the fixed transit route-generating application determines if there
are any remaining fixed transit routes to be mapped (180). If it is determined that there are
unmapped fixed transit routes, another fixed transit route is selected for mapping at 110. If,
instead, it is determined that there are no remaining unmapped fixed transit routes at 180, the

method 100 ends.

[0048] Figure 8 shows a best-found path 252 for the pattern of Figure 2 using the
method 100.

[0049] Once the fixed transit route-generating application has determined the path for
each pattern of each fixed transit route, it draws these patterns / fixed transit routes on a map
for presenting to a user. The user may then manually select and modify any of the patterns /
fixed transit routes generated by the fixed transit route-generating application.

[0050] In an alternative embodiment, the threshold distance for each point is determined
as noted above, but is set equal to a minimum threshold distance should the calculated
threshold distance be less. This can be useful, for example, where a first point is identified

by a user near an intersection and may be very close to a one-way street traveling in a
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direction away from the second point. The minimum threshold distance may be set to, for
example, 15 yards.

[0051] Figure 9 shows the street network of Figure 2, wherein various street network
segments 304 relatively close to the starting point A have been found to be within the
threshold distance from the starting point A using this alternative approach.

[0052] Computer-executable instructions for implementing the fixed transit route-
generating application on a computer system could be provided separately from the
computer system, for example, on a computer-readable medium (such as, for example, an
optical disk, a hard disk, a USB drive or a media card) or by making them available for
downloading over a communications network, such as the Internet.

[0053] While the calculation of the threshold distances has been described with
specificity to a few particular approaches, other approaches for calculating the threshold
distances will occur to those of skill in the art. For example, the threshold distances can be
determined using the distance to two or more street network segments from a first or second
point. In another approach, the threshold distances can be calculated using polynomial
equations.

[0054] In another embodiment, a path for a pattern section can be generated from the
end of the path determined for the previous pattern section. This can provide a more rapid
path determination for the pattern in some cases.

[0055] While the computer system is shown as a single physical computer, it will be
appreciated that the computer system can include two or more physical computers in

communication with each other. Accordingly, while the embodiment shows the various

components of the computer system residing on the same physical computer, those skilled in
the art will appreciate that the components can reside on separate physical computers.

[0056] One or more portions of the method may be executed by third parties. For
example, the itinerary-planning system may be an external system executed on a separate

computer.

[0057] The above-described embodiments are intended to be examples of the present
invention and alterations and modifications may be effected thereto, by those of skill in the
art, without departing from the scope of the invention that is defined solely by the claims
appended hereto.

- 13 - 74543-76 (KB/MC)
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What 1s claimed 1s:

i A computer executable method for generating fixed transit routes, comprising:

identifying by a computer processor a first set of street network segments within a
first threshold distance from a first point for a pattern inputted by a user and stored on a
computer readable medium, and a proxy first point along each of said street network
segments 1n said first set;

identifying by the computer processor a second set of street nctwork segments
within a second threshold distance from a second point for said pattern inputted by said
user and stored on the computer readable medium, and a proxy second point along each
of said street network segments in said second set; and

determining by the computer processor a best path for said pattern including any
one of said proxy first points along said street network segments in said first set and any
one of said proxy second points along said street network segments in said second set,

wherein said determining further comprises: creating temporary network
segments from said first point to each of said proxy first points along said street network
segments in said first set, and from said second point to each of said proxy second points

along said street network segments in said second set; and

determining said best path from said first point and along any one of said
temporary network segments to said proxy first points along said street network segments
in said first set to said second point via any one of said temporary network segments to

said proxy second points along said street network segments in said second set.

2. The method of claim 1, wherein said identifying said first set comprises:
determining a shortest distance from said first point to any one of said street
network segments adjacent said first point; and

determining said first threshold distance as a multiple of said shortest distance.

LEGAL_23996437.1 -14- 74543-76 (KB/GT)
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3. The method of claim 2, further comprising:
setting a minimum threshold setting said shortest distance to said minimum

threshold 1t said shortest distance 1s below said minimum threshold.

Z3 The method of claim 1, wherein said identifying said second set comprises:
determining a shortest distance from said second point to any of said street
network segments adjacent said second point; and

determining said second threshold distance as a multiple of said shortest distance.

5. The method of claim 4, further comprising:
setting a minimum threshold setting said shortest distance to said minimum

threshold if said shortest distance is below said minimum threshold.

6. The method of claim 1, further comprising:
iteratively performing said identifying of said first and second sets and said

determining for pairs of points along said pattern, said pairs defining pattern sections.

7. The method of claim 6, further comprising:

connecting said pattern sections to form said pattern.

8. The method of claim 1, further comprising:
storing a portion of said best path from said proxy first point adjacent said first

point to said proxy second point adjacent said second point.

9. A computer system for generating fixed transit routes, comprising:
computer-executable instructions executed by a computer processor identifying

by a computer processor a first set of street network segments within a first threshold

LEGAL_ 23996437.1 -15- 74543-76 (KB/GF)
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distance from a first point for a pattern inputted by a user and stored on a computer
readable medium and a proxy first point along each of said street network segments in
said first set, identifying by the computer processor a second set of street network
segments within a second threshold distance from a second point for said pattern inputted
by said user and a proxy second point along each of said street network segments in said
second set, and determining by the computer processor a best path for said pattern
including any one of said proxy first points along said street network segments in said
first set and any one of said proxy second points along said street network segments in
said second set, wherein said determining further comprises creating temporary network
segments from said first point to each of said proxy first points along said street network
segments 1n said first set, and from said second point to each of said proxy second points
along said street network segments in said second set and determining said best path from
said first point and along any one of said temporary network segments to said proxy first
points along said street network segments in said first set to said second point via any one

of said temporary network segments to said proxy second points along said street

network segments in said second set.

10. A non-transitory computer-readable medium having stored thereon computer-
executable instructions implementing an application for generating fixed transit routes,
said application identifying by a computer processor a first set of street network segments
within a first threshold distance from a first point for a pattern inputted by a user and
stored on the computer readable medium, and a proxy first point along each of said street
network segments 1n said first set, identifying by the computer processor a second set of
street network segments within a second threshold distance from a second point for said
pattern 1nputted by said user, and a proxy second point along each of said street network
segments 1n said second set, and determining by the computer processor a best path tfor
said pattern including any one of said proxy first points along said street network
segments in satd first set and any one of said proxy second points along said street

network segments in said second set, wherein said determining further comprises creating

LEGAL 23996437.1 -16- 74543-76 (KB/GF)
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tcmporary network segments from said first pomt to cach of said proxy first points along
satd street network segments in said first sel, and from said second point to each of said
proxy second points along said strect network segments in said second set and

determining said best path from said first point and along any onc of said temporary

5 network segments to said proxy first points along said street network segments i said
tirst set to said second point via any one of said temporary network segments to séid
proxy sccond points along said street network segments in said sccond set.
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