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RUSH HOUR MODELING FOR ROUTING AND SCHEDULING

BACKGROUND OF THE INVENTION

It is known that traffic levels increase during certain parts of the day. For
example, traffic levels typically increase between 7:30am and 9:00am, when many
commuters are traveling to work, and again from 5:00pm to 7:00pm, when many
commuters are traveling home. These increased “rush hour” traffic levels have not
been adequately addressed by existing routing and‘ scheduling systems.
Accordingly, improved logistics systems are needed that model rush hour
conditions and allow logistics planners to route vehicles efficiently to account for

rush hour conditions.

BRIEF SUMMARY OF THE INVENTION

A system according to one embodiment of the invention is configured to
receive, from a user: (1) a time window; (2) “geographic area” information that
defines a geographic area; and (3) a travel rule that is to apply to the geographic
area during the time window. After the time window, “geographic area”
information, and the travel rule are received, the system applies the travel rule to
the geographic area to schedule a route for one or more vehicles traveling during
the time window. In an alternative embodiment, the system applies the travel rule
to the geographic area to determine whether to schedule a route for one or more
vehicles through at least a portion of the geographic area during the time window.
In another embodiment, the system applies the travel rule to the geographic area to
model the speed of travel of one or more vehicles traveling through the geo grapﬁic
area during the time window. In a further embodiment, the system can receive
more than one time window and travel rule, and information that defines more than
one geographic area.

A system according to another embodiment of the invention is configured
to receive from a user: (1) a time window, (2) “geographic area” information that
defines a geographic area, and (3) a travel rule that is to apply to the geographic
area during the time window. After receiving the time window, “geographic area”
information, and the travel rule, the system applies the travel rule to the geographic
area to generate a travel matrix that models traffic conditions within the geographic

area during the time window. This travel matrix is then utilized to schedule a route
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for one or more vehicles when said one or more vehicles are scheduled to travel
within the time window. In a further embodiment, the system can receive more
than one time window and travel rule, and information that defines more than one
geographic area.

A system according to another embodiment of the invention is configured
to receive from a user: (1) a first geographic area and a first travel rule that is
associated with the first geographic area, (2) a second geographic area that at least
partially overlaps the first geographic area defining an overlapped geographic area,
and (3) a second travel rule that is associated with the second geographic area.
After receiving the first and second geographic areas and the first and second travel
rules, the system determines whether the first or the second travel rule should be
applied to one or more vehicles traveling through at least a portion of the
overlapped geographic area. If the system determines that the first travel rule
should be applied to vehicles traveling within the overlapped geographic area, then
the system applies the first travel rule to model traffic conditions for vehicles
traveling through at least a portion of the overlapped geographic area. If the
system determines that the second travel rule should be applied to vehicles
traveling within the overlapped geographic area, then the system applies the
second travel rule to model traffic conditions for vehicles traveling through at least
a portion of the overlapped geographic area. In an alternative embodiment, the
system applies the appropriate travel rule to the overlapped geographic area to
determine whether to schedule a route for vehicles through the overlapped
geographic area.

A system according to another embodiment of the invention is configured
to receive from a user: (1) a time window, (2) “road segment” information that
defines a road segment, and (3) a direction of travel restriction that is to apply to
the road segment during the time window. After receiving the “road segment”
information and the direction of travel restriction, the system applies the direction
of travel restriction to the road segment to schedule one or more routes so that
substantially no route includes travel by one or more vehicles in the restricted
direction of travel on the road segment during the time window. In a further
embodiment, the system can receive more than one time window, more than one
direction of travel restriction, and information that defines more than one road

segment.
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A system according to yet another embodiment of the invention is
configured to receive from a user: (1) a time window, (2) “road segment”
information that defines a road segment, and (3) a vehicle based restriction that is
to apply to the road segment during the time window. After receiving the “road
segment” information and the vehicle based restriction, the system applies the
vehicle based restriction to schedule one or more routes so that substantially no
route includes travel on the road segment during the time window by one or more
vehicles that satisfy the criteria for the vehicle based restrictions. In a further
embodiment, the system can receive more than one time window, more than one
vehicle based restriction, and information that defines more than one road segment.

A system according to another embodiment of the invention is configured
to receive from a user: (1) a time window, (2) “road segment” information that
defines a road segment, and (3) a speed variation model that is to apply to the road
segment during the time window. After receiving the “road segment” information
and the speed variation model, the system applies the speed variation model to
schedule one or more routes. In a further embodiment, the system can receive
more than one time window, more than one speed variation model, and
information that defines more than one road segment.

A system according to another embodiment of the invention is configured
to receive from a user: (1) “geographic area” information that defines a geographic
area, (2) a “no travel” time window for the geographic area, and (3) “no travel”
instructions that specify that substantially no vehicles should be scheduled to travel
within the geographic area during the “no travel” time window. After receiving
the “geographic area” information, the “no travel” time window, and the “no
travel” instructions, the system schedules vehicles so that substantially no vehicles
are scheduled to travel within the geographic area during the “no travel” time
window. In a further embodiment, the system can receive more than one “no
travel” time window, more than one set of “no travel” instructions, and information
that defines more than one geographic area.

A system according to another embodiment of the invention is configured
to receive from a user: (1) “geographic area” information that defines a geographic
area, (2) a first speed variation model that is to apply to a first road classification
within the geographic area, and (3) a second speed variation model that is to apply

to a second road classification within the geographic area. After receiving the
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“geographic area” information, the first speed variation model, and the first road
classification, the system applies the first speed variation model to estimate travel
times associated with vehicles traveling on roads of the first classification through
at least a portion of the geographic area. Additionally, after receiving the
“geographic area” information, the second speed variation model, and the second
road classification, the system applies the second speed variation model to estimate
travel times associated with vehicles traveling on roads of the second classification ‘
through at least a portion of the geographic area.

A system according to another embodiment of the invention is configured
to receive from a user: (1) a time window, (2) a road segment classification, and
(3) a travel rule that is to apply to road segments that are assigned to the road
segment classification during the time window. After receiving the time window,
the road segment classification, and the travel rule, the system applies the travel
rule to road segments assigned to the road segment classification to schedule a
route for one or more vehicles during the time window. In a further embodiment,
the system can receive more than one time window, more than one travel rule, and
information that defines more than one road segment.

BRIEF DESCRIPTION OF THE DRAWINGS

Having thus described the invention in general terms, reference will now be
madeto the accompanying drawings, which are not necessarily drawn to scale, and
wherein:

FIG. 1 is a table illustrating a sample set of modified rush hour travel
speeds.

FIG. 2A is a table illustrating a travel matrix for “normal” traffic
conditions.

FIG. 2B is a table illustrating a travel matrix for modified traffic conditions
during a particular time window with a 20% slower speed variation.

FIG. 3 is a first block diagram of a rush hour scheduling system according
to an embodiment of the present invention.

FIG. 4 is a diagram of a Rush Hour Modeling Server according to one
embodiment of the present invention.

FIG. 5 depicts the system flow of a rush hour modeling system according to

one embodiment of the invention.
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FIG. 6 is a flowchart that illustrates various steps executed by a rush hour
model definition module according to a particular embodiment of the invention.

FIG. 7 is a flowchart that illustrates various steps executed by a travel
time/distance calculation module according to a particular embodiment of the
invention.

FIG. 8 is a graphic illustration of an exemplary rush hour modeling dialog
window for defining time windows and global speed variations.

FIG. 9 is a graphic illustration of an exemplary geographic area selection
window.

FIG. 10 is a graphic illustration of an exemplary road segment selection
window.

FIG. 11 is a graphic illustration of an exemplary rush hour model dialog
window for defining a simple rush hour area model.

FIG. 12 is a graphic illustration of an exemplary rush hour model dialog
window for defining an advanced rush hour model.

FIG. 13 is a graphic illustration of an exemplary rush hour model dialog
window for defining speed variations and direction of travel restrictions for
vehicles traveling during each time window on a particular road segment.

FIG. 14 is a graphic illustration of an exemplary rush hour model dialog
window for defining equipment types that may be prohibited from travel in
restricted rush hour areas or road segments during rush hour time periods.

FIG. 15 is a graphic illustration of an exemplary rush hour model dialog
window for selecting the road type on which and time windows in which restricted
equipment types may not travel.

FIG. 16 is a graphic illustration of an exemplary rush hour model dialog
window for selecting the routing and scheduling program that will be utilizing rush
hour modeling data to route and schedule vehicles.

FIG. 17 is a graphic illustration of an exemplary rush hour model dialog
window for viewing and selecting rush hour models previously defined according

one or more embodiments of the current invention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention now will be described more fully with reference to

the accompanying drawings, in which some, but not all embodiments of the
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invention are shown. Indeed, this invention may be embodied in many different
forms and should not be construed as limited to the embodiments set forth herein.
Rather, these embodiments are provided so that this disclosure will satisfy
applicable legal requirements. Like numbers refer to like elements throughout.

As will be appreciated by one skilled in the art, the present invention may
be embodied as a method, a data processing system, or a computer program
product. Accordingly, the present invention may take the form of an entirely
hardware embodiment, an entirely software embodiment, or an embodiment
combining software and hardware aspects. Furthermore, the present invention may
take the form of a computer program product on a computer-readable storage
medium having computer-readable program instructions (e.g., computer software)
embodied in the storage medium. More particularly, the present invention may
take the form of web-implemented computer software. Any suitable computer-
readable storage medium may be utilized including hard disks, CD-ROMs, optical
storage devices, or magnetic storage devices.

The present invention is described below with reference to block diagrams
and flowchart illustrations of methods, apparatuses (i.e., systems) and computer
program products according to an embodiment of the invention. It will be
understood that each block of the block diagrams and flowchart illustrations, and
combinations of blocks in the block diagrams and flowchart illustrations,
respectively, can be implemented by computer program instructions. These
computer program instructions may be loaded onto a general purpose computer,
special purpose computer, or other programmable data processing apparatus to
produce a machine, such that the instructions which execute on the computer or
other programmable data processing apparatus create a means for implementing
the functions specified in the flowchart block or blocks.

These computer program instructions may also be stored in a computer-
readable memory that can direct a computer or other programmable data
processing apparatus to function in a particular manner, such that the instructions
stored in the computer-readable memory produce an article of manufacture
including computer-readable instructions for implementing the function specified
in the flowchart block or blocks. The computer program instructions may also be
loaded onto a computer or other programmable data processing apparatus to cause

a series of operational steps to be performed on the computer or other
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programmable apparatus to produce a computer-implemented process such that the
instructions that execute on the computer or other programmable apparatus provide
steps for implementing the functions specified in the flowchart block or blocks.
Accordingly, blocks of the block diagrams and flowchart illustrations
support combinations of means for performing the specified functions,
combinations of steps for performing the specified functions and program
instruction means for performing the specified functions. It will also be
understood that each block of the block diagrams and flowchart illustrations, and
combinations of blocks in the block diagrams and flowchart illustrations, can be
implemented by special purpose hardware-based computer systems that perform
the specified functions or steps, or combinations of special purpose hardware and

computer instructions.

Brief Overview

A system according to one embodiment of the present invention creates one
or more time/distance matrices (which may also referred to as “travel matrices™)
that reflect special traffic conditions, such as rush hour traffic conditions. In one
embodiment of the invention, the system allows a user to specify a set of travel
rules that define the special traffic conditions, and to then generate one or more
time/distance matrices that account for these travel rules. In one embodiment of
the invention, the system does this by first generating a time/distance matrix that
reflects “normal” traffic conditions, and then modifying this “normal”
time/distance matrix to generate one or more rush hour time/distance matrices that
reflect the specified travel rules. Existing routing and scheduling systems can then
use the generated time/distance matrices to plan and schedule routes for vehicles
more accurately.

Travel rules specified by the user may include, for example, travel rules
that indicate that traffic conditions are different from normal conditions in one or
more particular time windows. Such travel rules include, for example: (1) speed
variation rules that indicate that the average travel speed of vehicles within a
particular geographic area or on a particular road segment is a certain percentage
slower or faster than it would be under normal traffic conditions; (2) vehicle-
specific travel restrictions that specify that certain types of vehicles are not allowed

to travel within a particular geographic area or on a particular road segment; (3)
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direction of travel restrictions that specify that no vehicles are allowed to travel in
a specified direction (e.g., on a particular road segment or within a particular
geographic area); and (4) “no travel zone” vehicle restrictions indicating that no
vehicles should be scheduled to travel within a particular geo graphic region or on a
particular road segment. These travel rules can be defined to apply, for example:
(1) to an entire geographic region; (2) to a specific geographic area within the
geographic region; (3) to each geographic area of a specific type within a
geographic region; (4) to all roads of a particular type of road within the
geographic region; or (5) to a specific road segment within the geographic region.

Figure 1 is a table illustrating a sample set of travel speeds generated based
on a rush hour model defined by a user. These speeds are then used to generate a
set of time/distance matrices that reflect the travel rules defined within the rush
hour model. Figure 2A shows a simple “normal” time/distance matrix that does
not reflect a rush hour model defined by a user. Figure 2B shows the time/distance
matrix of 2A after the matrix has been modified to reflect the travel rules defined
within the rush hour model reflected in Figure 1.

As may be understood from Figures 2A and 2B, the distance associated
with traveling between two different locations may change after the Rush Hour
Model is applied to modify the "normal" time/distance matrix. This change in
distance is due to the fact that the optimum path between the two locations may
change based on the travel rules included in the Rush Hour Model. This change in
distance is reflected in Figures 2A and 2B by showing that the distance between
Location 1 and Location 2, which is shown in the second row of the first column of
data, changes from 2 miles to 3 miles due to the application of the Rush Hour
Model. Similarly, the distance between Location 2 and Location 3, which is
shown in the first row of the second column of data, changes from 2 miles to 3
miles due to the application of the Rush Hour Model.

The following example illustrates how a user sets up the travel rules that
are used to generate the information illustrated in Figure 1 and the time/distance
matrix shown in Figure 2B. In the example below, the user enters the travel rules
into the system via a series of graphical interfaces, and the system uses these travel
rules to modify an existing “normal” time/distance matrix to generate one or more
revised rush hour time/distance matrices that account for the set of rush hour travel

rules specified by the user.
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In the example shown, the user first specifies one or more time windows
(here “Time Window #1,” “Time Window #2,” and “Time Window #3”) in which
the traffic conditions within the geographic area are to be evaluated differently
from normal traffic conditions. The user then defines a geographic area (“Area 1)
within a geographic region (e.g., the total geographic area in which vehicles may
be routed to travel by the routing and scheduling system) by selecting points to
define a polygon on a map display. The boundaries of the polygon define the
boundaries of Area 1.

The user then defines how the traffic conditions for Area 1 differ from
normal traffic conditions within each time window. For example, the user can
specify that in Time Windows #1 and #3, the average travel speed within Area 1 is
30% slower than normal, and that in Time Window #2, the average travel speed
within Area 1 is 20% slower than normal. Accordingly, the estimated travel
speeds used by the system in routing and scheduling vehicles traveling within Area
1 will be reduced by 30% during Time Windows #1 and #3 and by 20% during
Time Window #2.

In this example, a first road called “Road 17, which is a road located within
Area 1, has a normal travel speed of 45 miles per hour (mph). Accordingly, as
shown in Figure 1, applying the user-specified travel rules above would result in
the following set of map data for Road 1: (1) 31.5 mph for Time Window #1 (i.c.,
30% slower than normal); (2) 36 mph for Time Window #2 (i.e., 20% slower than
normal); (3) 31.5 mph for Time Window #3 (i.e., 30% slower than normal); and
(4) 45 mph (i.e., the normal speed) for times outside of Time Windows #1, #2, and
#3.

Similarly, a second road called “Road 2”, which is also within Area 1, has a
normal travel speed of 50 mph. Accordingly, applying the user-specified travel
rules above would result in the following set of map data: (1) 35 mph for Time
Window #1 (i.e., 30% slower than normal); (2) 40 mph for Time Window #2 (e.,
20% slower than normal); (3) 35 mph for Time Window #3 (i.e., 30% slower than
normal); and (4) 50 mph (i.e., the normal speed) for times outside of Time
Windows #1, #2, and #3.

Continuing with the example shown in Figure 1, the user also defines a first
road segment, called “Road Segment X”, outside of Area 1 by selecting two points

on a graphical representation of the road. The user also indicates that traffic
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conditions on Road Segment X will be different from normal during Time
Windows #1, #2, and #3. The user then defines how the conditions for Road
Segment X differ from normal traffic conditions for Road Segment X in these three
time windows.

For example, the user specifies that in Time Windows #1 and #3, the travel
speed is 30% slower than normal. The user further designates that Road Segment
X is a “no-travel zone” in Time Window #2, and that no vehicles should be
scheduled to travel on Road Segment X during Time Window #2. Accordingly, in
one embodiment, the system would designate the average vehicle speed on Road
Segment X to be 0 mph during Time Window #2 (or another very small value to
indicate that vehicles are not to be scheduled to travel on Road Segment X during
Time Window # 2).

Accordingly, in this example, if Road Segment X has normal travel speed
of 30 mph, then the travel rules entered by the user for Road Segment X would
result in the following set of map data: (1) 21 mph travel speed for Time Window
#1 (i.e., 30% slower than normal); (2) 0 mph for Time Window #2 (which
represents that vehicles should not be scheduled to travel on Road Segment X
during Time Window #2); (3) 21 mph for Time Window #3 (i.e., 30% slower than
normal); and (4) 30 mph (i.e., normal speed) for times outside of Time Windows
#1, #2, and #3. . : -

Continuing with the example shown in Figure 1, the user then defines a
second road segment outside of Area 1 called “Road Segment Y”, which has a
normal travel speed of 65 mph. The user then indicates that the travel rules
specified above with respect to Road Segment X also apply to Road Segment Y.
This results in the following set of map data: (1) 45.5 mph travel speed for Time
Window #1 (i.e., 30% slower than normal); (2) 0 mph for Time Window #2 (which
represents that vehicles should not be scheduled to travel on Road Segment Y
during Time Window #2); (3) 45.5 mph for Time Window #3 (i.e., 30% slower
than normal); and (4) 65 mph (i.e., normal speed) for times outside of Time
Windows #1, #2, and #3. In this example, all other geographic areas and road
segments other than those for which user-defined travel rules were specified to
apply would be treated as “normal speed” areas.

When implementing one embodiment of the system, a user first enters all

applicable rush hour travel rules into the system. The system then generates a
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“normal” time/distance matrix, which will apply to all times outside of the three
(or other number of) time windows defined by the user. The system then generates
a time/distance matrix for each time window defined within the Rush Hour Model.
This may be understood from an example in which the Rush Hour Model includes
a first set of travel rules that have been defined to apply within a 8:00am — 9:00am
time window, and a second set of travel rules that have been defined to apply
within a 5:00pm — 6:00pm. In this example, the system would generate a first rush
hour time/distance matrix that would apply to the 8:00am — 9:00am time window.
In one embodiment of the invention, the system would do this by modifying the
data within a copy of the “normal” time/distance matrix to reflect the first set of
travel rules. The system would also generate a second rush hour time/distance
matrix that would apply to the 5:00pm — 6:00pm time window. In one
embodiment of the invention, the system would do this by modifying the data
within a copy of the “normal” time/distance matrix to reflect the second set of
travel rules. The system would also retain a copy of the “normal” time/distance
matrix.

Once the travel time/distance calculation module has generated the various
sets of map data, the system may implement a standard routing and scheduling
module such as Roadnet 5000, Territory Planner, or Mobilecast to use the
time/distance matrices generated by the system, in a manner known in the art, to
schedule the routes for various vehicles according to the sets of map data. For
example, in the example discussed above, the Routing and Scheduling Module
would use the first rush hour time/distance matrix when calculating travel times of
route segments beginning in the 8:00am — 9:00am time window. Similarly, the
Routing and Scheduling Module would use the second rush hour time/distance
matrix when calculating travel times of routes segments beginning in the 5:00pm —
6:00pm time window. The Routing and Scheduling Module would use the
“normal” time/distance matrix when calculating travel times of route segments
beginning outside of the 8:00am - 9:00am and 5:00pm - 6:00pm time windows.

The system may be used to generate several different sets of time/distance
matrices, each set corresponding to a different traffic model. For example, a first
set of time/distance matrices could be generated to reflect a “weekday” model
specified by a user, and a second set of time/distance matrices could be generated

to reflect a “weekend” model specified by a user. The appropriate set of



WO 2004/092995 PCT/US2004/012080

10

15

20

25

30

12

time/distance matrices would then be used by a routing and scheduling program to
schedule vehicle routes for each particular day. For example, in one embodiment
of the invention, the “weekend” set of time/distance matrices would be used by the
routing and scheduling program to schedule vehicle routes for weekend days, and
the “weekday” set of time/distance matrices would be used by the routing and

scheduling program to schedule vehicle routes for weekdays.

System Architecture

A system 5 according to one embodiment of the invention is shown in
Figure 3. As may be understood from this figure, in this embodiment, the system
includes one or more user computers 10, 12 that are connected, via a network 15
(e.g., a LAN or the Internet), to communicate with a Rush Hour Modeling Server
50. In one embodiment of the invention, the Rush Hour Modeling Server 50 is
configured for retrieving data from, and storing data to, a database 30 that may be
stored on (or, alternatively, stored remotely from) the Rush Hour Modeling Server
50.

Figure 4 shows a schematic diagram of a rush hour modeling server 50
according to one embodiment of the invention. The rush hour modeling server 50
includes a processor 60 that communicates with other elements within the rush
hour modeling server 50 via a system interface or bus 61. -Also included in the
rush hour modeling server 50 is a display device/input device 64 for receiving and
displaying data. This display device/input device 64 may be, for example, a
keyboard or pointing device that is used in combination with a monitor. The rush
hour modeling server 50 further includes memory 66, which preferably includes
both read only memory (ROM) 65 and random access memory (RAM) 67. The
server’s ROM 65 is used to store a basic input/output system 26 (BIOS),
containing the basic routines that help to transfer information between elements
within the rush hour modeling server 50.

In addition, the rush hour modeling server 50 includes at least one storage
device 63, such as a hard disk drive, a floppy disk drive, a CD Rom drive, or
optical disk drive, for storing information on various computer-readable media,
such as a hard disk, a removable magnetic disk, or a CD-ROM disk. As will be
appreciated by one of ordinary skill in the art, each of these storage devices 63 is

connected to the system bus 61 by an appropriate interface. The storage devices 63
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and their associated computer-readable media provide nonvolatile storage for a
personal computer. It is important to note that the computer-readable media
described above could be replaced by any other type of computer-readable media
known in the art. Such media include, for example, magnetic cassettes, flash
memory cards, digital video disks, and Bernoulli cartridges.

A number of program modules may be stored by the various storage
devices and within RAM 67. Such program modules include an operating system
80, a rush hour model definition module 100, a travel time/distance calculation
module 200, and a routing and scheduling module 300. The rush hour model
definition module 100, the travel time/distance calculation module 200, and the
routing and scheduling module 300 control certain aspects of the operation of the
rush hour modeling server 50, as is described in more detail below, with the
assistance of the processor 60 and an operating system 80.

Also located within the rush hour modeling server 50 is a network interface
74, for interfacing and communicating with other elements of a computer network.
It will be appreciated by one of ordinary skill in the art that one or more of the rush
hour modeling server 50 components may be located geo graphically remotely from
other rush hour modeling server 50 components. Furthermore, one or more of the
components may be combined, and additional components performing functions

described herein may be included in the rush hour modeling server-50.

Exemplary System Flow

Figure 5 depicts an Exemplary System Flow 90 according to one
embodiment of the invention. As may be understood from this figure, in this
embodiment of the invention, the system begins at Step 92 by using the Rush Hour
Model Definition Module 100 to allow a user to define a rush hour model. Next,
the system proceeds to Step 94 where it executes a Time/Distance Calculation
Module 200 to generate a set of one or more time/distance matrices for the rush
hour model defined in Step 92. In one embodiment of the invention, each of these
matrices corresponds to a particular time window defined within the rush hour
module. Finally, the system executes a Routing and Scheduling Module 300 (e.g.,
such as RoadNet 5000) to route and schedule vehicles based on the set of

time/distance matrices generated in Step 96. The Rush Hour Model Definition
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Module 100, the Time/Distance Calculation Module 200, and the Routing and

Scheduling Module 300 will now be discussed in somewhat greater detail.

Rush Hour Model Definition Module

Figure 6 depicts a Rush Hour Model Definition Module 100 according to
one embodiment of the invention. As may be understood from this figure, the
system begins at Step 105 where it allows a user (e-g., arouting and scheduling
technician) to define a time window in which one or more particular travel rules
will apply. For example, the system may allow the user to specify that one or more
travel rules will apply within a 10:00am — 11:00am time window or a 1:00pm —
2:30pm time window.

Next, at Step 110, the system allows a user to define a geographical area or
road segment to which one or more travel rules will apply. The system may do
this, for example, by presenting a map to a user (e.g., via a computer display
screen) and allowing the user to select or define a particular geographical area on
the map via a graphical user interface. For example, the system may allow the user
to define a particular geographic area by: (1) defining three or more points on a
map that define a polygon; (2) defining a center point on the map along with a
radius that, together with the defined center point, defines a circle; (3) defining a
series of contiguous arcs that define an enclosed geographical area; or (4) selecting
a pre-defined area (e.g., a city, a zip code, a state, or a particular subdivision). As
will be understood by one skilled in the art in light of this disclosure, the system
may also be configured to allow users to define geographical areas using a variety
of other suitable techniques known in the art.

In one embodiment of the invention, the system allows users to select a
particular road segment by, for example: (1) selecting a road from a visual map
display on a computer; (2) selecting two points on a road displayed on a map; (3)
selecting one point on a road displayed on a map along with a direction and length
of the road to be included within the road segment; or (4) defining an externally
predefined road (e.g., a segment of a road defined by two intersections, an address
range, or a zip code range).

After the system allows the user to define a geographical area or road

segment at Step 110, the system proceeds to Step 115 where it allows the user to
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define one or more travel rules to be applied to the defined geographical area or
road segment within the specified time window. One example of such a travel rule
is a speed variation rule (e.g., a rule that specifies that traffic on the defined road
segment or within the defined geographical area should be modeled as being
slower or faster than normal by a specified amount).

Another example of a travel rule is a direction of travel restriction, which
serves to restrict scheduling vehicles to travel in a specified direction within the
defined geographical area or on the defined road segment. For example, the
system may allow a user to specify that, during the defined time window, vehicles
should not be scheduled to travel north between Exit 100 and Exit 120 on I-85.

A further example of a travel rule is a vehicle-specific restriction. This
type of travel rule may serve to restrict or limit travel by certain types of vehicles
within the defined geographical area or on the defined road segment within the
defined time window. Such vehicle-specific restrictions may be based, for
example, on the class, type, weight, size, capacity, or function of the vehicle. For
example, a user may specify that no vehicles having more than ten wheels should
be scheduled to travel within the defined geographic area or on the defined road
segment during the defined time window. In this example, vehicles that have more
than ten wheels will not be scheduled to travel within the defined geographic area
or on the defined road segment during the defined time window.

Yet another example of a travel rule is a no-travel-zone restriction. In one
embodiment of the invention, such restrictions specify that no vehicles are to be
scheduled to travel within the defined geographical area or on the defined road
segment within the specified time window.

After the user defines the travel rules at Step 115, the user may repeat Steps
105 — 115 to define additional time traffic-related rules (“travel rules”) that are to
form part of the current Rush Hour Model. An exemplary, short Rush Hour Model

including six different traffic-related rules is shown in the table below.
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Geographic Time Window 1: | Time Window Time Window 3:
Areas 9:00am to 11:00 2: 6:00pm to 7:00pm
am 12:00pm to
2:00pm
Zip Code 30309 30% slower 20% slower 30% slower
Zip Code 30030 20% slower Normal Speeds Vehicle-Based
Restriction

It should be understood that the Rush Hour Model Definition Module 100
shown in Figure 6 may be expanded to include additional steps or that various
steps may be removed in accordance with different embodiments of the invention.

In one embodiment, the Rush Hour Model Definition Module 100 includes
the additional step of allowing a user to associate a priority factor with each travel
rule. As discussed below, this priority factor provides a basis by which the system
can determine which particular travel rule to apply for a particular geographic
region or road segment if two travel rules have been defined to apply to that
particular geographic region or road segment during the same time window.
Examples of priority factors include allowing the user to associate a priority

“number to each travel mie, specifying that the tra\;el time/distance calculation
module 200 should apply the travel rule associated with the first geographic area
created, or specifying that the travel time/distance calculation module 200 should
apply the travel rule associated with the road segment when a travel rule associated
with a road segment conflicts with a travel rule associated with a geographic area.

The Rush Hour Model Definition Module 100 may also include the step of
allowing a user to specify that a particular traffic-related rule should apply to all
geographic areas of a particular class. Such classes of geographic areas may be
defined in any appropriate way. For example, such classes of geographic areas
may include: (1) urban; (2) rural; (3) suburban; (4) residential; (5) commercial; (6)
high traffic area; (7) medium traffic area; and/or (8) low traffic area. In one
embodiment of the invention, the Rush Hour Model Definition Module 100 is also
configured to allow a user to specify the class of a particular geographic area or

road segment rather than defining a specific travel rule that should apply to that
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geographic area or road segment. In one embodiment, the system will then
automatically apply any travel rules associated with the specified class of
geographic area or road to that particular geo graphic area or road segment. This
embodiment reduces the amount of work associated with setting up and modifying

travel rules for groups of similar geographic areas or road segments.

Travel Time/Distance Calculation Module

An exemplary travel time/distance calculation module 200 is shown in
Figure 7. As may be understood from this figure, in one embodiment of the
invention, the travel time/distance calculation module 200 begins at Step 205
where it receives a rush hour model defined by a user. Next, the system proceeds
to Step 210 where it generates a “normal” time/distance matrix based on a set of
map data in a manner known in the relevant field.

The system then proceeds to Step 215, where generates a time/distance
matrix for each time window defined within the Rush Hour Model. This may be
understood from an example in which the Rush Hour Model includes a first set of
travel rules that have been defined to apply within a 8:00am — 9:00am time
window, and a second set of travel rules that have been defined to apply within a
5:00pm — 6:00pm. In this example, the system would generate a first rush hour
time/distance matrix that would apply to the 8:00am — 9:00am time window. In
one embodiment of the invention, the system would do this by modifying the data
within a copy of the “normal” time/distance matrix to reflect the first set of travel
rules. The system would also generate a second rush hour time/distance matrix
that would apply to the 5:00pm — 6:00pm time window. In one embodiment of the
invention, the system would do this by modifying the data within a copy of the
“normal” time/distance matrix to reflect the second set of travel rules. The system
would also retain a copy of the “normal” time/distance matrix generated at Step
210.

In one embodiment of the invention, when generating the various rush hour
time/distance matrices at Step 215, the system is configured to determine whether
two or more travel rules have been defined to apply to a particular road segment or
geographical area at the same time (e.g., in the same time window) and, if so, to

determine which of the travel rules should apply to that particular road segment or
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geographical area. For example, the system may determine whether, for a
particular time window, a user has defined a first geographical area associated with
a first travel rule to overlap with a second geographical area associated with a
second travel rule during the same period of time. If so, the system determines that
two more travel rules have been defined to cover a particular graphical area at the
same time.

In one embodiment of the invention, if the system determines that two or
more travel rules have been defined to apply to a particular road segment or
geographical area at the same time, the system uses priority factors associated with
each of the two or more applicable travel rules to determine which travel rule
should apply to the particular “overlapped” road segment or geographical area. As
noted above, these priority factors may be assigned to each travel rule during
execution of the Rush Hour Model Definition Module 100. For example, the user
may be asked to assign a numerical priority factor to each travel rule defined
within the Rush Hour Model Definition Module 100. The system would then
compare these priority factors at Step 220 to determine which travel rule should
apply to the particular “overlapped” road segment or geographical area. In one
embodiment of the invention, the travel rule with the higher priority factor would
be applied to the particular “overlapped” road segment or geographical area. In
another embodiment of the invention, a road segment travel rule will always be
given priority over a travel rule associated with a geographic area.

In an alternative embodiment, travel time/distance calculation module 200
will generate an error message if the user defined a geographic area or road
segment to overlap at least a portion of another geographic area or road segment in
Rush Hour Model Definition Module 100. In this embodiment, the user may be
allowed to provide instructions as to which travel rules should be applied in
response to the error message. Alternatively, the user may not be allowed to
provide instructions as to which travel rules should be applied in response to the
error message. In this alternative embodiment, the user may be prompted to
redefine one of the geographic areas or road segments so it does not overlap

another geographic area or road segment.
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Routing and Scheduling Module

Once the travel time/distance calculation module 200 has generated the
various sets of time/distance matrices, the system may implement a standard
routing and scheduling module 300 such as Roadnet 5000, Territory Planner, or
Mobilecast to use the time/distance matrices generated at Step 215, in a manner
known in the art, to schedule the routes for various vehicles according to the sets of
time/distance matrices. For example, in the éxample discussed above in regard to
the Travel Time/Distance Calculation Module 200, the Routing and Scheduling
Module 300 would use the first rush hour time/distance matrix when calculating
travel times of route segments beginning in the 8:00am — 9:00am time window.
Similarly, the Routing and Scheduling Module 300 would use the second rush hour
time/distance matrix when calculating travel times of route segments beginning in
the 5:00pm — 6:00pm time window. The Routing and Scheduling Module 300
would use the “normal” time/distance matrix when calculating travel times of route
segments beginning outside of the 8:00am — 9:00am and 5:00pm - 6:00pm time

windows.

Operation of the System According to a Preferred Embodiment

To use-a system according to a preferred embodiment of the invention, a
user first defines one or more time windows in which special traffic conditions
affect travel speeds. The time windows may be defined as described above in
reference to the Rush Hour Model Definition Module 100 of Figure 6. An
exemplary rush hour dialog window 600 for defining time windows and global
speed variations according to a preferred embodiment is shown in Figure 8. The
user can select whether to enable each time window for the particular rush hour
model by toggling the check box 606 associated with each time window. After a
time window is enabled, the user can enter a start time 610 and an end time 612 for
the time window in the text boxes or by selecting the up or down scroll boxes to
increase or decrease the time. Although this preferred embodiment is shown with
three timé windows from which to choose, the system could provide more or less

time windows, depending on the needs of the system.
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As may be understood from Figure 8, the user can also enter a name 602
for the rush hour model, attribute a description 604 to the rush hour model, and
enter a descriptive name 608 for the time period by typing in the appropriate text
box. Furthermore, the user can select and define a global speed variation to apply
to the map data as a whole for each time window. The user can enable a global
speed variation by toggling the check box 614 associated with the global speed
variation definition for a particular time window. When the global speed variation
is enabled, the user can enter the percentage faster or slower of travel speeds for
vehicles traveling anywhere within the map region during the time window. This
percentage amount may be entered into the text box 616 associated with the global
speed variation setting or selected by scrolling up or down within the text box.
Then, the user toggles the radio button 618 associated with “Faster” or “Slower”
depending on how the percentage is to affect the normal travel speeds for the map
region.

If the user does not select a global speed variation for the time window,
then the map data for the region is not subject to a global speed variation during
the time window. However, as is discussed in more detail below, portions of the
map data may be subject to either no travel rule or travel rules that are defined for
specific geographic areas or road segments.

The user then defines one or more geographic areas within the map region.
As may be understood from an exemplary geographic area selection window 700
in Figure 9, the user can select points 702 on a map 706 to form a polygon, the
boundaries of which define a geographic area 704. The user may later subject the
defined geographic area 704 to a particular travel rule that models traffic
conditions in that geographic area during a time window. Defining geographic
areas and characterizing traffic conditions during a time window within each area
allows the user to model traffic conditions in the areas more accurately than by
applying global speed variations to map data covering an entire region.

Alternatively, or in addition to defining a geographic area, the user may
define one or more road segments within a map region to which rush hour models
can be applied. As shown in an exemplary road segment selection window 800
shown in Figure 10, the road segment is selected by choosing two points 802, 804
on a road 808 to define a road segment 806.
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The user then chooses the travel rules to be applied to each geographic area
or road segment during a particular time window. As discussed above in relation
to Rush Hour Model Definition Module 100 in Figure 6, examples of travel rules
include speed variation models and vehicle-based restrictions. Travel rules may
also include simple speed variation models that apply to the entire geo graphic area
and advanced speed variation models that limit the applicability of travel rules
within the geographic area. Figures 11, 12, 13, 14 and 15 show exemplary dialog
windows for defining travel rules for each geographic area or road segment.

As may be understood from the exemplary rush hour dialog window 900 in
Figure 11, the user may define a simple speed variation model. The user can name
the rush hour model 902 and enter a description 916 in the text boxes provided. To
define a simple speed variation model, the user can select the radio button 904 for
“Simple” or the “Speed Variation™ tab 905 in the window 900. Each enabled time
window 906 is shown, and the user can select and define a speed variation model
for each time window. The user toggles the check box 908 under each time
window in which the user desires to define a speed variation model. Then the user
enters a percentage of travel time 910, faster or slower, that vehicles traveling
within the geographic area can expect to travel, and the user toggles the
appropriate “Faster” or “Slower” radio button 912. Additionally, the user may also
designate the priority of the travel rule defined by entering the priority number into
the text box 914 or selecting the scroll buttons up or down.

As may be understood from the exemplary rush hour dialog window 1000
in Figure 12, the user may define an advanced speed variation model. To define an
advanced speed variation model, the user can toggle the “Advanced” radio button
1004 or select the “Advanced Speed Variation” tab 1005. Each enabled time
window 1006 is shown, and the user can select and define a speed variation model
for each time window based on road class. The user toggles the check box 1008
across from each road class and under each time window in which the user wants
to define a speed variation model. The percentage faster or slower is entered into
the scroll/text box 1010, and the “Faster” or “Slower” radio button 1012 is
selected. Although this preferred embodiment includes interstate, primary,
secondary, and local road classes, the system could provide more or less classes of
roads or different classes of roads, depending on the needs of f[he system.

Furthermore, road class is only an example of the type of additional limitation
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placed on a speed variation model; other types of limitations are contemplated,
such as speed variation models for specific types of vehicles and speed variation
models for specific directions of travel.

As may be understood from the exemplary rush hour dialo g window 1100
of Figure 13, the user may define direction of travel restrictions and speed
variations for vehicles traveling on a particular road segment. For each enabled
time window 1104, the user selects whether a travel restriction should be applied
by toggling the check box 1112 across from “Travel Restriction” and under each
time window in which a restriction will be applied. Then the user to ggles the
radio button 1114 for the direction of travel in which the user wants to restrict
travel. The radio button options shown include “No Change,” “Both Ways,” “One
Way: A to B,” and “One Way: B to A.” If the user selects “No Change,” then
vehicles traveling on the road segment are not subject to a direction of travel
restriction. If the user selects “Both Ways,” vehicles are not allowed to be
scheduled to trave] on the road segment during the time window in any direction.
If the user selects “One Way: A to B,” vehicles are not allowed to be schedule to
travel in a direction from point A towards point B during the time window.
Similarly, if the user selects “One Way: B to A,” vehicles are not allowed to be
scheduled to travel in a direction from point B to point A during the time window.
Reference points A and B can be selected by the user when defining the road
segment or at some other step in the Rush Hour Model Definition Module 100.

According to the rush hour dialog window 1100 shown in Figure 13, if the
user selects “No Change” for a particular time window, the user may define a
speed variation for the time window. The user can select the check box 1106 for a
enabling a time window and enter a percentage faster or slower to define the speed
variation 1108, 1110.

As may be understood in exemplary rush hour dialog window 1200 of
Figure 14, the user may define vehicle-based restrictions such as equipment
restrictions. The user may define an equipment type that the user may later specify
as subject to travel restrictions. Under the “General” tab 1201, the user can enter a
description of the equipment type in the text box 1204 labeled “Description.” The
user can also enter general information about the equipment such as weight, height,
and cost information about the equipment. These values are input into the text

boxes 1206 below each corresponding label. In addition, the user can specify



WO 2004/092995 PCT/US2004/012080

10

15

20

25

30

23

equipment type 1212 by the size and type of load carried by the equipment. Once
the equipment type is defined, the user can to ggle the check box 1210 at the
bottom of the dialog box to indicate whether the equipment type should be
prohibited from certain specified restricted rush hour geographic areas and road
segments,

Using the exemplary rush hour dialog window 1300 shown in Figure 15,
the user defines the circumstances under which the vehicle-based restriction
applies to equipment types defined in relation to Figure 14. For example, in Figure
15 under each enabled time window 1308, travel on primary, secondary, and local
roads can be restricted for the restricted equipment types by toggling the check box
1310 across from each road class. Alternatively, the user can select the “All” 1312
button below each time window to restrict vehicles of the restricted type from
traveling on all roads during the time window. In another alternative embodiment,
not shown in the figures, the user can choose the specific types of vehicle-based
restrictions that should be restricted for a type of road segment or geographic area.
Additionally, the user can choose the specific types of vehicle-based restrictions
that should be restricted for a particular road segment or geographic area.

As may be understood by the exemplary rush hour model dialog window
1400 shown in Figure 16, the user may specify which particular routing and
scheduling system to use to route and schedule vehicles. The user can enter the
planned delivery date into a text box 1402 or choose from available dates with the
drop down box function. Additionally, the user can specify the scenario for the
route 1404 (e.g., delivery or pick-up) and specify a description 1406 for the routing
session by entering it into a text box. The user then toggles the radio button 1408
for the routing and scheduling system that the user wants to use — either the XY
program or RouteNet. If, for example, RouteNet is selected, the user can toggle
the “Advanced Rush Hour” check box 1410 to instruct the system to consider
alternative streets when scheduling a route. The user then selects the rush hour
model for the routing and scheduling system to use by choosing from those
available in a drop down box 1412. The dialog window 1400 shown in Figure 16
also allows the user to toggle the check box 1414 associated with each day that the
user wants the system to schedule routes.

As shown in Figure 17, the user can view and select rush hour models

previously defined in an exemplary rush hour model dialog window 1500. The
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user can view which models have been defined, the date on which the model was
last modified, and whether the model includes advanced speed variation models.

Furthermore, the window allows the user to select a rush hour model for editing.

Conclusion

Many modifications and other embodiments of the invention will come to mind to
one skilled in the art to which this invention pertains having the benefit of the
teachings presented in the foregoing descriptions and the associated drawings.
Therefore, it is to be understood that the invention is not to be limited to the
specific embodiments disclosed and that modifications and other embodiments are
intended to be included within the scope of the appended claims. Although
specific terms are employed herein, they are used in a generic and descriptive

sense only and not for the purposes of limitation.
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CLAIMS
THAT WHICH IS CLAIMED:
1. A rush hour modeling system configured for:

receiving a time window;

receiving “geographic area” information, said information defining
a geographic area;

receiving a travel rule that is to apply to said geographic area during
said time window; and

after receiving said time window, said “geographic area”
information, and said travel rule, applying said travel rule to said
geographic area to schedule a route for one or more vehicles during said

time window.

The system of Claim 1 further comprising:

receiving a second time window;

receiving a second travel rule that is to apply to said geographic
-area during said second time window; and

after receiving said second time window and said second travel rule,
applying said second travel rule to said geographic area to schedule a route

for one or more vehicles during said second time window.

The system of Claim 1 further comprising:

receiving a second travel rule that is to apply to said geographic
area during said time window; and

after receiving said second travel rule, applying said second travel
rule to said geographic area to schedule a route for one or more vehicles

during said time window.
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4. The system of Claim 1 further comprising:
receiving additional “geographic area” information, said additional
information defining a second geographic area;
receiving a second travel rule;
after receiving said additional “geographic area” information and
said second travel rule, applying said second travel rule to said second
geographic area to schedule a route for one or more vehicles during said

time window.

5. The system of Claim 1, wherein the travel rule comprises a speed variation
model, said speed variation model comprising a percentage increase or decrease

from a normal travel time.

6. The system of Claim 1, wherein the travel rule comprises one or more
vehicle based restrictions that are to apply to said geographic area during said time

window.

7. The system of Claim 1, wherein said “geographic area” information
comprises three of more points selected by a user to define a polygon, said polygon

having boundaries that define a geographic area.

8. A rush hour modeling system configured for:

receiving a time window;

receiving “geographic area” information, said information defining a
geographic area;

receiving a travel rule that is to apply to said geographic area during
said time window; and

after receiving said time window, said “geographic area” information,
and said travel rule, applying said one or more travel rules to determine
whether to schedule a route for one or more vehicles through at least a portion

of said geographic area during said time window.
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9. The system of Claim 8, wherein the travel rule comprises a speed variation
model, said speed variation model comprising a percentage increase or decrease

from a normal travel time.

10.  The system of Claim 8, wherein the travel rule comprises one or more

vehicle based restrictions that are to apply to said geographic area during said time

window.

11. A rush hour modeling system configured for:

receiving a time window;

receiving “geographic area” information, said information defining a
geographic area;

receiving a travel rule that is to apply to said geographic area during
said time window; and

after receiving said time window, said “geographic area” information,
and said travel rule, applying said travel rule to model the speed of travel of
one or more vehicles traveling through said geographic area during said time

window.

12. - The system of Claim 11, wherein the travel rule comprises a speed
variation model, said speed variation model comprising a percentage increase or

decrease from a normal travel time.

13.  The system of Claim 11, wherein the travel rule comprises one or more
vehicle based restrictions that are to apply to said geographic area during said time

window.

14. A rush hour modeling system configured for:
receiving a time window;
receiving “geographic area” information, said information defining a
geographic area;
receiving a travel rule that is to apply to said geographic area during

said time window;
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after receiving said time window, said “geographic area” information,
and said travel rule, applying said travel rule to said geographic area to
generate a time/distance matrix that models traffic conditions within said
geographic area during said time window; and

utilizing said time/distance matrix to schedule a route for one or more
vehicles when said one or more vehicles are scheduled for travel within said

time window.

A rush hour modeling system configured for:

receiving a first geographic area and a first travel rule that is
associated with said first geographic area;

receiving a second geographic area, said second geographic area at
least partially overlapping said first geographic area, wherein an area within
both said first geographic area and said second geographic area defines an
overlapped geographic area;

receiving a second travel rule that is associated with said second
geographic area;

after receiving said first and second geographic areas and said first
and second travel rules, determining whether said first or said second travel
rule should be applied to one or more vehicles traveling through at least a
portion of said overlapped geographic area;

in response to determining that the first travel rule should be applied
to one or more vehicles traveling within the overlapped geographic area,
applying the first travel rule to model traffic conditions for one or more
vehicles traveling through at least a portion of the overlapped geographic
area; and

in response to determining that the second travel rule should be
applied to one or more vehicles traveling within the overlapped geo graphic
area, applying the second travel rule to model traffic conditions for one or
more vehicles traveling through at least a portion of the overlapped

geographic area.
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16. A rush hour modeling system configured for:

receiving a first geographic area and a first travel rule that is
associated with said first geographic area;

receiving a second geographic area at least partially overlapping the
first geographic area, wherein an area within both the first geographic area
and the second geographic area defines an overlapped geographic area;

receiving a second travel rule that is associated with said second
geographic area;

after receiving said first and second geographic areas and said first
and second travel rules, determining whether said first or said second travel
rules should be applied to one or more vehicles traveling through at least a
portion of said overlapped geographic area;

in response to determining that the first travel rule should be applied
to one or more vehicles traveling within the overlapped geographic area,
applying the first travel rule to determine whether to schedule a route for
one or more vehicles through the overlapped geographic area; and

in response to determining that the second travel rule should be
applied to one or more vehicles traveling within the overlapped geographic
area, applying the second travel rule to determine whether to schedule a

_ _route for one or more vehicles through the overlapped geographic area.

17.  The system of Claim 16 wherein the determination of whether said first or
second travel rule should be applied to vehicles traveling through at least a portion
of said overlapped geographic area is determined by priority numbers assigned to

said first and second geographic areas.

18.  The system of Claim 16 wherein the determination of whether said first or
second travel rule should be applied to vehicles traveling through at least a portion
of said overlapped geographic area is determined by which of said first and second

geographic areas was created first.
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A rush hour modeling system configured for:

receiving a time window;

receiving “road segment” information, said information defining a
road segment;

receiving a direction of travel restriction that is to apply to said road
segment during said time window; and

after receiving said “road segment” information and said direction
of travel restriction, applying said direction of travel restriction to schedule
one or more routes so that substantially no route includes travel by one or
more vehicles in the restricted direction of travel on said road segment

during said time window.

The system of Claim 19 wherein the “road segment” information comprises

two points on a road that are selected by a user, the portion of road between the

two points defining said road segment.

21.

22

A rush hour modeling system configured for:

receiving a time window;

receiving “road segment” information, said information defining a
road segment;

receiving a vehicle based restriction that is to apply to said road
segment; and

after receiving said “road segment” information and said vehicle
based restriction, applying said vehicle based restriction to schedule one or
more routes so that substantially no route includes travel on said road
segment during said time window by one or more vehicles that satisfy the

criteria for the vehicle-based restrictions.

A rush hour modeling system configured for:
receiving a time window;
receiving “road segment” information, said information defining a

road segment;
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receiving a speed variation model that is to apply to said road
segment, said speed variation model comprising a percentage increase or
decrease from a normal travel time; and

22

after receiving said “road segment” information and said speed
variation model, applying said speed variation model to schedule one or

more routes.

A rush hour modeling system configured for:

receiving “geographic area” information, said information defining
a geographic area;

receiving a first time window in which a first speed variation model
is to apply within the geographic area;

receiving a second time window in which a second speed variation
model is to apply within the geographic area;

after receiving said “geographic area” information, said first time
window and said first speed variation model, applying said first speed
variation model to estimate a travel time associated with vehicles traveling
within at least a portion of said geographic area within said first time
window; and

after receiving said “geographic area” information, said second time
window and said second speed variation model, applying said second speed
variation model to model traffic conditions for one or more vehicles
traveling within at least a portion of said geographic area within said

second time window.

A rush hour modeling system configured for:

receiving “geographic area” information, said information defining
a geographic area;

receiving a “no travel” time window for said geographic area;

receiving “no travel” instructions, said instruction specifying that
substantially no vehicles should be scheduled to travel within said
geographic area during the “no travel” time window; and

after receiving said “geographic area” information, said “no travel”

time window, and said “no travel” instruction, scheduling vehicles so that
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the system schedules substantially no vehicles to travel within said

geographic area during said “no travel” time window.

A rush hour modeling system configured for:

receiving “geographic area” information, said information defining
a geographic area;

receiving a first speed variation model that is to apply to a first road
classification within the geographic area;

receiving a second speed variation model that is to apply to a
second road classification within the geographic area;

after receiving said “geographic area” information, said first speed
variation model, and said first road classification, applying the first speed
variation model to estimate travel times associated with vehicles traveling
on roads of the first classification through at least a portion of the
geographic area; and

after receiving said “geographic area” information, said second
speed variation model, and said second road classification, applying the
second speed variation model to estimate travel times associated with
vehicles traveling on roads of the second classification through at least a

portion of the geographic area.

A rush hour modeling system configured for:

receiving a time window;

receiving a road segment classification;

receiving a travel rule that is to apply to road segments that are
assigned to said road segment classification during said time window; and

after receiving said time window, said road segment classification,
and said travel rule, applying said travel rule to road segments assigned to
said road segment classification to schedule a route for one or more

vehicles during said time window.
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The system of Claim 26 further comprising:

receiving a second road segment classification;

receiving a second travel rule that is to apply to road segments that
are assigned to said second road segment classification during said time
window; and

after receiving said second road segment classification and said
second travel rule, applying said travel rule to road segments assigned to
said second road segment classification to schedule a route for one or more

vehicles during said time window.

The system of Claim 26 further comprising:

receiving “road segment” information, said information defining a
road segment and assigning a classification to said road segment;

after receiving said road segment information, applying said travel
rule to said road segment if said classification assigned to said road

segment is said road segment classification associated with said travel rule.
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Sample Set of Modified Rush Hour Travel Speeds

Geographic | Normal | Travel Speed | Travel Speed Travel Speed
Area/Road Travel during Time during Time during Time
Segment Speed Window #1 Window #2 Window #3
Road 1 in 45 mph 31.5 mph 36 mph 31.5 mph
Area 1 (30% slower) (20% slower) (30% slower)
Road 2 in 50 mph 35 mph 40 mph 35 mph
Area 1 (30% slower) (20% slower) (30% slower)
Road 30 mph 20 mph 0 mph 20 mph
Segment X (30% slower) | (Travel restriction) (30% slower)
Road 65 mph 45.5 mph 0 mph 45.5 mph
Segment Y (30% slower) | (Travel restriction) (30% slower)
All Areas Normal Normal Speed Normal Speed Normal Speed
and Roads to Speed
which no
new traffic
rules were
defined to
apply.
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Travel Matrix for “Normal” Traffic Conditions
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Location1 | Location2 | Location3 | Location4
Location 1 . 10 miputes 15 mi¥1utes 20 @utes
2 miles 3 miles 4 miles
. 10 minutes ' 5 minutes 10 minutes
Location 2 2 miles o 1 mile 2 mile
Location 3 15 minutes S minutes L 5 minutes
3 miles 1 mile 1 mile
Location 4 20 ml?lutes 10 mputes 5 mmptes L
4 miles 2 miles 1 mile

Travel Matrix for a Particular Time Window

FIG. 2A

with a 20% Slower Speed Variation

Location

Loeation 2

Location 3

Location 4

. . 15 minuies 18 minutes 24 minutes
Location 1 ---- - ; -
3 miles 3 miles 4 miles

Location 2 15 mz;'mies L 6 mm}ltes 15 mzi:zui‘es

3 miles 1 mile 2 miles
Location 3 18 mutes 6 mm.utes — 6 mm.utes

3 miles 1 mile 1 mile
Location 4 24 mutes 15 WZZI:ZMZ‘@S 6 mm_utes o

4 miles 2 miles 1 mile

FIG. 2B
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Exemplary System
Flow
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115
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Rush Hour Area Attributes - Winter
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"[Rush hour for holidays
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Summer rush hour in central MD [
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