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DETERMINING STREET SEGMENT 
HEADINGS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims priority to U.S. application 
Ser. No. 14/708.473, filed May 11, 2015, which is hereby 
incorporated herein in its entirety. 

FIELD 

0002 Various embodiments of the present invention 
described herein generally relate to efficiency management 
systems for analyzing heading data associated with at least 
one street segment traveled by at least one vehicle and 
determining the accuracy of map databased on the heading 
data. 

BACKGROUND 

0003 Improving operational efficiency has become an 
increasingly high priority for many businesses. In particular, 
the increasing cost of energy resources, such as fuel, and 
recent trends toward improving environmental Sustainability 
have made reducing the consumption of energy resources 
essential for many businesses to maintain a competitive 
advantage in their respective industries. Likewise, volatile 
economic climates have increased competition in various 
industry sectors and prompted competing businesses to 
provide better services at a lower cost. As a result, many 
businesses are searching for ways to improve their opera 
tional efficiency in order to reduce costs and provide 
improved service to customers. 
0004 As business emphasis on operational efficiency has 
grown, so too has the development of technology capable of 
monitoring various operational characteristics. For example, 
businesses can use GPS (or other GNSS systems) and RFID 
technologies to track the location of people, vehicles, and 
items and generate data representative of those locations in 
relation to time. In addition, telematics devices are currently 
used in vehicles to capture information relating to various 
vehicle dynamics, such as fuel consumption and location. 
0005. Although such technology allows businesses to 
capture large amounts of operational data reflecting a variety 
of operational characteristics, many businesses are unable to 
effectively utilize such data to improve efficiencies. This 
problem is commonly the result of an inability to effectively 
translate otherwise overwhelming amounts of data into a 
format that is meaningful in the context of analyzing a 
particular efficiency. Thus, there is a need in the art for 
improved concepts for capturing and evaluating operational 
data in order to improve operational efficiencies in a variety 
of business contexts. 
0006 Additionally, inaccuracies in data used to plan 
business operations may cause additional inefficiencies. 
Map vendors, such as Tele Atlas(R and NAVTEQR), provide 
digital/electronic geographical maps to a variety of clients 
for different purposes. For example, map vendors may 
provide digital maps to (a) Internet websites for providing 
driving directions to consumers; (b) cellular companies to 
include in Smartphones; (c) government agencies (e.g., the 
United States Department of Agriculture and Environmental 
Protection Agency) for use in their respective government 
functions; and (d) transportation and logistics companies, 
such as United Parcel Service of America, Inc. (UPS), for 
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determining and optimizing delivery routes. Unfortunately, 
the digital maps provided by vendors are not always accu 
rate. For example, streets may be marked as one-way Streets 
when the street is really bi-directional. By increasing the 
accuracy of the digital maps, business operations based on 
the digital maps may be more efficient. Thus, there is also a 
need in the art for improving the accuracy of digital maps. 

BRIEF SUMMARY 

0007 Various embodiments of the present invention are 
generally directed to a system for determining the heading of 
a defined street segment traveled by at least one vehicle 
and/or increasing the accuracy of map databased on heading 
data for one or more defined street segments. Various 
embodiments of the present invention provide methods, 
systems, computer program products, and apparatuses for 
determining whether a street segment is a one-way Street 
segment or a bi-directional segment, validating map data, 
and/or updating map data. 
0008 According to one aspect of the present invention, a 
method for determining whether a street segment is a 
one-way Street segment or a bi-directional segment is pro 
vided. In one embodiment, the method comprises receiving 
vehicle telematics data associated with one or more vehicles 
during one or more time periods, the vehicle telematics data 
indicating a street segment traveled by the one or more 
vehicles during the one or more time periods; and based at 
least in part on the vehicle telematics, determining whether 
the street segment is a one-way street segment or a bi 
directional segment. 
0009. According to another aspect of the present inven 
tion, a system is provided. The system comprises at least one 
processor and at least one memory including computer 
program code. In one embodiment, the at least one memory 
and the computer program code configured to, with the 
processor, cause the apparatus to at least receive vehicle 
telematics data associated with one or more vehicles during 
one or more time periods, the vehicle telematics data indi 
cating a street segment traveled by the one or more vehicles 
during the one or more time periods; and based at least in 
part on the vehicle telematics, determine whether the street 
segment is a one-way street segment or a bi-directional 
Segment. 
0010. According to yet another aspect of the present 
invention, a computer program product is provided. In one 
embodiment, computer program product comprises at least 
one non-transitory computer-readable storage medium hav 
ing computer-readable program code portions stored therein. 
The computer-readable program code portions comprise an 
executable portion configured to receive vehicle telematics 
data associated with one or more vehicles during one or 
more time periods, the vehicle telematics data indicating a 
street segment traveled by the one or more vehicles during 
the one or more time periods; and an executable portion 
configured to, based at least in part on the vehicle telematics, 
determine whether the street segment is a one-way Street 
segment or a bi-directional segment. 
0011. According to one aspect of the present invention, a 
method for validating map data associated with a street 
segment is provided. In one embodiment, the method com 
prises (a) receiving vehicle telematics data indicative of a 
travel path of a vehicle on a street segment during one or 
more time periods; (b) based at least in part on the vehicle 
telematics data, determining a street segment direction for 
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the street segment, the determined Street segment direction 
indicating whether the street segment is a one-way Street 
segment or a bidirectional Street segment; (c) identifying 
map data associated with the street segment, wherein the 
map data comprises street segment direction data indicating 
whether the street segment is a one-way Street segment or a 
bidirectional street segment; and (d) comparing the Street 
segment direction data of the map data and the determined 
street segment direction. 
0012. According to another embodiment of the present 
invention, a system is provided. In one embodiment, the 
system comprises at least one processor and at least one 
memory including computer program code. The at least one 
memory and the computer program code configured to, with 
the processor, cause the apparatus to at least (a) receive 
vehicle telematics data indicative of a travel path of a vehicle 
on a street segment during one or more time periods; (b) 
based at least in part on the vehicle telematics data, deter 
mine a street segment direction for the Street segment, the 
determined street segment direction indicating whether the 
street segment is a one-way street segment or a bidirectional 
street segment; (c) identify map data associated with the 
street segment, wherein the map data comprises street seg 
ment direction data indicating whether the street segment is 
a one-way Street segment or a bidirectional Street segment; 
and (d) compare the Street segment direction data of the map 
data and the determined Street segment direction. 
0013. According to yet another aspect of the present 
invention, a computer program product is provided. In one 
embodiment, the computer program product comprises at 
least one non-transitory computer-readable storage medium 
having computer-readable program code portions stored 
therein. The computer-readable program code portions com 
prise (a) an executable portion configured to receive vehicle 
telematics data indicative of a travel path of a vehicle on a 
street segment during one or more time periods; (b) an 
executable portion configured to, based at least in part on the 
vehicle telematics data, determine a street segment direction 
for the Street segment, the determined street segment direc 
tion indicating whether the street segment is a one-way 
street segment or a bidirectional Street segment; (c) an 
executable portion configured to identify map data associ 
ated with the street segment, wherein the map data com 
prises Street segment direction data indicating whether the 
street segment is a one-way street segment or a bidirectional 
street segment; and (d) an executable portion configured to 
compare the street segment direction data of the map data 
and the determined Street segment direction. 
0014. According to one aspect of the present invention, a 
method for updating map data associated with a street 
segment is provided. In one embodiment, the method com 
prises (a) receiving vehicle telematics data indicative of a 
travel path of a vehicle on a street segment during one or 
more time periods; (b) based at least in part on the vehicle 
telematics data, determining a street segment direction for 
the street segment, the determined Street segment direction 
indicating whether the street segment is a one-way Street 
segment or a bidirectional Street segment; (c) identifying 
map data associated with the street segment, wherein the 
map data comprises street segment direction data indicator 
indicating whether the street segment is a one-way Street 
segment or a bidirectional Street segment; and (d) updating 
the map data to reflect the determined street segment direc 
tion for the street segment direction. 
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0015. According to another aspect of the present inven 
tion, a system is provided. In one embodiment, the system 
comprises at least one processor and at least one memory 
including computer program code. The at least one memory 
and the computer program code configured to, with the 
processor, cause the apparatus to at least (a) receive vehicle 
telematics data indicative of a travel path of a vehicle on a 
street segment during one or more time periods; (b) based at 
least in part on the vehicle telematics data, determine a street 
segment direction for the street segment, the determined 
street segment direction indicating whether the street seg 
ment is a one-way Street segment or a bidirectional Street 
segment; (c) identify map data associated with the Street 
segment, wherein the map data comprises street segment 
direction data indicator indicating whether the street seg 
ment is a one-way Street segment or a bidirectional Street 
segment; and (d) update the map data to reflect the deter 
mined street segment direction for the Street segment direc 
tion. 
0016. According to yet another aspect of the present 
invention, a computer program product is provided. In one 
embodiment, the computer program product comprises at 
least one non-transitory computer-readable storage medium 
having computer-readable program code portions stored 
therein. the computer-readable program code portions com 
prise (a) an executable portion configured to receive vehicle 
telematics data indicative of a travel path of a vehicle on a 
street segment during one or more time periods; (b) an 
executable portion configured to based at least in part on the 
vehicle telematics data, determine a street segment direction 
for the Street segment, the determined street segment direc 
tion indicating whether the street segment is a one-way 
street segment or a bidirectional Street segment; (c) an 
executable portion configured to identify map data associ 
ated with the street segment, wherein the map data com 
prises street segment direction data indicator indicating 
whether the street segment is a one-way Street segment or a 
bidirectional street segment; and (d) an executable portion 
configured to update the map data to reflect the determined 
street segment direction for the Street segment direction. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING(S) 

0017. Having thus described the invention in general 
terms, reference will now be made to the accompanying 
drawings, which are not necessarily drawn to scale, and 
wherein: 
0018 FIG. 1 is a block diagram of an efficiency man 
agement system according to one embodiment of the present 
invention; 
0019 FIG. 2 is a block diagram of a fleet management 
system according to one embodiment of the present inven 
tion; 
0020 FIG. 3 is a block diagram of a telematics device 
according to one embodiment of the present invention; 
0021 FIG. 4 is a schematic block diagram of a central 
server according to one embodiment of the present inven 
tion; 
0022 FIG. 5 is a flow diagram of steps executed by the 
telematics device according to one embodiment of the 
present invention; 
0023 FIG. 6 is a flow diagram of steps executed by a 
segment identification module according to one embodiment 
of the present invention; 
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0024 FIGS. 7A and 7B are diagrams of data points 
captured by the telematics device as a vehicle traveled along 
a defined street segment according to one embodiment; 
0025 FIG. 8 is a Gantt chart display of a vehicle traveling 
along the defined street segment shown in FIG. 7A accord 
ing to one embodiment; 
0026 FIG. 9 shows a start-up view of a graphical user 
interface according to one embodiment of the present inven 
tion; 
0027 FIG. 10 shows exemplary steps executed by a 
central server in order to respond to user evaluation requests 
received via a user interface according to one embodiment 
of the present invention; 
0028 FIG. 11 shows exemplary steps executed by an 
individual segment analysis module according to one 
embodiment of the present invention: 
0029 FIG. 12 shows an individual segment analysis 
graphical user interface according to one embodiment of the 
present invention; 
0030 FIG. 13 shows exemplary steps executed to deter 
mine a traveled direction according to one embodiment of 
the present invention; 
0031 FIG. 14 shows exemplary steps executed by a 
one-way segment module according to one embodiment of 
the present invention; 
0032 FIG. 15 shows a one-way segment graphical user 
interface according to one embodiment of the present inven 
tion; 
0033 FIG. 16 shows exemplary steps executed by a 
regional analysis module according to one embodiment of 
the present invention; 
0034 FIG. 17 shows a regional analysis graphical user 
interface according to one embodiment of the present inven 
tion; 
0035 FIG. 18 shows exemplary steps executed by a 
Summary report module according to one embodiment of the 
present invention; and 
0036 FIG. 19 shows a summary report graphical user 
interface according to one embodiment of the present inven 
tion. 

DETAILED DESCRIPTION OF VARIOUS 
EMBODIMENTS 

0037 Various embodiments of the present invention now 
will be described more fully hereinafter with reference to the 
accompanying drawings, in which some, but not all embodi 
ments of the inventions are shown. Indeed, these inventions 
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 disclo 
Sure will satisfy applicable legal requirements. The term 
“or is used herein in both the alternative and conjunctive 
sense, unless otherwise indicated. The terms “illustrative' 
and “exemplary” are used to be examples with no indication 
of quality level. Like numbers refer to like elements 
throughout. 

Computer Program Products, Methods, and Computing 
Entities 

0038 Embodiments of the present invention may be 
implemented in various ways, including as computer pro 
gram products that comprise articles of manufacture. A 
computer program product may include a non-transitory 
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computer-readable storage medium storing applications, 
programs, program modules, scripts, source code, program 
code, object code, byte code, compiled code, interpreted 
code, machine code, executable instructions, and/or the like 
(also referred to herein as executable instructions, instruc 
tions for execution, computer program products, program 
code, and/or similar terms used herein interchangeably). 
Such non-transitory computer-readable storage media 
include all computer-readable media (including volatile and 
non-volatile media). 
0039. In one embodiment, a non-volatile computer-read 
able storage medium may include a floppy disk, flexible 
disk, hard disk, Solid-state storage (SSS) (e.g., a solid state 
drive (SSD), solid state card (SSC), solid state module 
(SSM), enterprise flash drive, magnetic tape, or any other 
non-transitory magnetic medium, and/or the like. A non 
Volatile computer-readable storage medium may also 
include a punch card, paper tape, optical mark sheet (or any 
other physical medium with patterns of holes or other 
optically recognizable indicia), compact disc read only 
memory (CD-ROM), compact disc-rewritable (CD-RW), 
digital versatile disc (DVD), Blu-ray disc (BD), any other 
non-transitory optical medium, and/or the like. Such a 
non-volatile computer-readable storage medium may also 
include read-only memory (ROM), programmable read-only 
memory (PROM), erasable programmable read-only 
memory (EPROM), electrically erasable programmable 
read-only memory (EEPROM), flash memory (e.g., Serial, 
NAND, NOR, and/or the like), multimedia memory cards 
(MMC), secure digital (SD) memory cards, SmartMedia 
cards, CompactFlash (CF) cards, Memory Sticks, and/or the 
like. Further, a non-volatile computer-readable storage 
medium may also include conductive-bridging random 
access memory (CBRAM), phase-change random access 
memory (PRAM), ferroelectric random-access memory (Fe 
RAM), non-volatile random-access memory (NVRAM), 
magnetoresistive random-access memory (MRAM), resis 
tive random-access memory (RRAM), Silicon-Oxide-Ni 
tride-Oxide-Silicon memory (SONOS), floating junction 
gate random access memory (FJG RAM), Millipede 
memory, racetrack memory, and/or the like. 
0040. In one embodiment, a volatile computer-readable 
storage medium may include random access memory 
(RAM), dynamic random access memory (DRAM), static 
random access memory (SRAM), fast page mode dynamic 
random access memory (FPM DRAM), extended data-out 
dynamic random access memory (EDO DRAM), synchro 
nous dynamic random access memory (SDRAM), double 
data rate synchronous dynamic random access memory 
(DDR SDRAM), double data rate type two synchronous 
dynamic random access memory (DDR2 SDRAM), double 
data rate type three synchronous dynamic random access 
memory (DDR3 SDRAM), Rambus dynamic random access 
memory (RDRAM), Twin Transistor RAM (TTRAM), Thy 
ristor RAM (TRAM), Zero-capacitor (Z-RAM), Rambus 
in-line memory module (RIMM), dual in-line memory mod 
ule (DIMM), single in-line memory module (SIMM), video 
random access memory (VRAM), cache memory (including 
various levels), flash memory, register memory, and/or the 
like. It will be appreciated that where embodiments are 
described to use a computer-readable storage medium, other 
types of computer-readable storage media may be substi 
tuted for or used in addition to the computer-readable 
storage media described above. 
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0041 As should be appreciated, various embodiments of 
the present invention may also be implemented as methods, 
apparatus, systems, computing devices, computing entities, 
and/or the like. As such, embodiments of the present inven 
tion may take the form of an apparatus, System, computing 
device, computing entity, and/or the like executing instruc 
tions stored on a computer-readable storage medium to 
perform certain steps or operations. Thus, embodiments of 
the present invention may also take the form of an entirely 
hardware embodiment, an entirely computer program prod 
uct embodiment, and/or an embodiment that comprises 
combination of computer program products and hardware 
performing certain steps or operations. 
0042 Embodiments of the present invention are 
described below with reference to block diagrams and 
flowchart illustrations. Thus, it should be understood that 
each block of the block diagrams and flowchart illustrations 
may be implemented in the form of a computer program 
product, an entirely hardware embodiment, a combination of 
hardware and computer program products, and/or apparatus, 
systems, computing devices, computing entities, and/or the 
like carrying out instructions, operations, steps, and similar 
words used interchangeably (e.g., the executable instruc 
tions, instructions for execution, program code, and/or the 
like) on a computer-readable storage medium for execution. 
For example, retrieval, loading, and execution of code may 
be performed sequentially Such that one instruction is 
retrieved, loaded, and executed at a time. In some exemplary 
embodiments, retrieval, loading, and/or execution may be 
performed in parallel Such that multiple instructions are 
retrieved, loaded, and/or executed together. Thus, Such 
embodiments can produce specifically-configured machines 
performing the steps or operations specified in the block 
diagrams and flowchart illustrations. Accordingly, the block 
diagrams and flowchart illustrations Support various com 
binations of embodiments for performing the specified 
instructions, operations, or steps. 

OVERVIEW 

0043. According to various embodiments of the present 
invention, an efficiency management system is provided for 
evaluating various operational efficiencies based on opera 
tional data. FIG. 1 illustrates the high-level system archi 
tecture of an efficiency management system 1 according to 
various embodiments. As shown, the efficiency management 
system 1 includes one or more data sources 2 and a central 
server 3. The data sources 2 may be, for example, devices 
configured for capturing and communicating operational 
data indicative of one or more operational characteristics 
(e.g., a telematics device capturing telematics data from a 
vehicle, handheld devices such as mobile phones, and/or the 
like). The data sources 2 are configured to communicate 
with the central server 3 by sending and receiving opera 
tional data over a network 4 (e.g., the Internet, an Intranet, 
or other suitable network). The central server 3 may be 
configured to process and evaluate operational data received 
from the data sources 2 in accordance with user input 
received via a user interface (e.g., a graphical user interface 
(user interface) provided on a local or remote computer). A 
user interface may be an application, browser, user interface, 
interface, and/or similar words used herein interchangeably. 
For example, in certain embodiments, the central server 3 
may be configured for segmenting operational data accord 
ing to various operational activities, identifying various 
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undesirable or inefficient activities or occurrences based on 
the operational data, and/or generating a graphical presen 
tation based on the operational data that displays operational 
activities in the context of other efficiency-indicative data. 
0044 As discussed in greater detail below, the compo 
nents and general system architecture of the efficiency 
management system 1 illustrated in FIG. 1 may be adapted 
for use in specific environments. For example, in certain 
embodiments, the efficiency management system may be 
configured as a “fleet management system adapted for 
evaluating and managing a fleet of vehicles (e.g., a fleet of 
vehicles operated by a carrier entity, a fleet of taxis or buses 
operated by a private or public transportation entity, and/or 
the like). In Such embodiments, the data sources may 
comprise telematics devices positioned on various vehicles 
in the fleet, as well as mobile service devices operated at 
least in part by operators of the fleet vehicles. Likewise, the 
central server may be configured for evaluating telematics 
data received from the telematics devices in order to assess 
vehicle efficiency and other logistical efficiencies. In addi 
tion, the central server may be configured for providing 
graphical presentations of telematics data in efficiency 
indicative formats, as well as for updating GPS-based maps 
based on vehicle telematics data. 

0045. The following description provides a detailed 
explanation of certain embodiments of the efficiency man 
agement system, including the aforementioned fleet man 
agement system. As will be appreciated from the detailed 
description herein, the various components and features of 
these systems may be modified and adapted to assess 
efficiencies in a variety of operational contexts. 

Fleet Management System 

0046 According to various embodiments, a fleet man 
agement system is provided for capturing and storing opera 
tional data for a fleet of vehicles, and for evaluating the 
operational data in order to assess various fleet efficiencies 
and improve the overall operational efficiency of the fleet. 
The fleet management system may be used, for example, by 
a carrier entity to evaluate the efficiency of a fleet of vehicles 
used to deliver freight or packages. A carrier may be a 
traditional carrier, such as United Parcel Service (UPS), 
FedEx, DHL, courier services, the United States Postal 
Service (USPS), Canadian Post, freight companies (e.g. 
truck-load, less-than-truckload, rail carriers, air carriers, 
ocean carriers, etc.), and/or the like. However, a carrier may 
also be a nontraditional carrier, Such as Amazon, Google, 
Uber, ride-sharing services, crowd-sourcing services, retail 
ers, and/or the like. 
0047. As described in detail below, various embodiments 
of the fleet management system are configured to capture 
operational data from the fleet—including telematics data 
from fleet vehicles—and evaluate the captured operational 
data in order to identify inefficient operations. As a particular 
example, the efficiency management system may be config 
ured to evaluate telematics data captured from one or more 
vehicles to evaluate the accuracy of map data based on 
vehicle travel during a particular time period, along a 
particular travel route, and/or within a particular geographic 
area. As will be appreciated from the description herein, this 
and other system attributes allow the fleet management 
system to assist vehicle fleet managers (e.g., carrier entities) 
in improving the operating efficiency of their fleet. 
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Fleet Management System Architecture 
0048 FIG. 2 shows the system architecture of a fleet 
management system 5 according to various embodiments. In 
the illustrated embodiment, the fleet management system 5 
comprises a vehicle telematics device 102 positioned on a 
vehicle 100 and a central server 120. A vehicle 100 may be 
a manned or an unmanned tractor, a truck, a car, a motor 
cycle, a moped, a Segway, a bicycle, a golf cart, a hand 
truck, a cart, a trailer, a tractor and trailer combination, a van, 
a flatbed truck, a vehicle, a drone, an airplane, a helicopter, 
a barge, a boat, and/or any other form of object for moving 
or transporting people and/or items (e.g., one or more 
packages, parcels, bags, containers, loads, crates, items 
banded together, vehicle parts, pallets, drums, the like, 
and/or similar words used herein interchangeably). The 
telematics device 102 and the central server 120 are con 
figured to communicate with each other via a communica 
tions network 130 (e.g., the Internet, an Intranet, a cellular 
network, or other suitable network). In addition, the telem 
atics device 102 and central server 120 are configured for 
storing data to an accessible central server database (not 
shown) located on, or remotely from, the central server 120. 
0049. In the description provided herein, the fleet man 
agement system 5 may be configured for managing and 
evaluating the operation of a large fleet of vehicles. As such, 
in various embodiments, the fleet management system 5 
may further comprise a plurality of telematics devices 102. 
each being associated with one of a plurality of vehicles 100. 
While the detailed description of the fleet management 
systems components is provided below with reference to 
individual components or devices, it will be understood 
from the description herein that various embodiments of the 
fleet management system 5 may include a plurality of the 
components each configured as described below. For 
example, large-scale embodiments of the fleet management 
system may include thousands of telematics devices 102 
each capturing data from a unique vehicle 100 and trans 
mitting the captured data to multiple servers 120. In addi 
tion, as will be appreciated from the description herein, the 
fleet management system 5 may be adapted for managing 
and evaluating a fleet of vehicles in a variety of contexts, 
Such as a fleet of taxis, buses, and other service vehicles. 
Accordingly, the telematics device 102 represents one 
embodiment of a telematics device that may be adapted for 
providing telematics data for a fleet of vehicles. 
0050. In the illustrated embodiment of FIG. 2, the vehicle 
100 includes a plurality of vehicle sensors configured for 
generating telematics data indicative of various vehicle 
dynamics, such as engine ignition, engine speed, vehicle 
speed, vehicle location, vehicle heading, and the status of 
various vehicle components. The vehicle sensors may be 
controlled by the telematics device 102, which may be 
positioned on or within the vehicle 100. In controlling the 
various vehicle sensors, the telematics device 102 is able to 
capture and store telematics data from the various vehicle 
sensors according to a programmed logic and associate the 
captured telematics data with contextual data (e.g., date, 
time, location). The captured telematics data and contextual 
data may then be transmitted by the telematics device 102 
directly to the central server 120 via the network 130, or to 
another computing device (which may later transmit the data 
to the central server 120 itself). 
0051. According to various embodiments, the central 
server 120 is generally configured for evaluating operational 
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data (e.g., telematics data) for a fleet of vehicles in order to 
assess various fleet efficiencies and aid fleet management 
system 5 users in managing the fleet. As shown in FIG. 2, the 
central server 120 may be configured for receiving and 
storing telematics data from the telematics device 102 over 
the network 130. By collecting such operational data over a 
period of time from various telematics devices 102 which 
may be associated with a fleet of vehicles 100—the central 
server 120 is able to amass operational data reflecting the 
overall operations of the fleet. As will be described in greater 
detail below, the central server 120 may be configured for 
evaluating telematics data, presenting the data to a user, and 
evaluating the data in a variety of ways in order to improve 
the operating efficiency of the fleet of vehicles 100. 
0.052 The various components of the fleet management 
system 5 are now described in detail below according to 
various embodiments. 

Network 

0053 As indicated, in one embodiment, the communica 
tions network 130 (and associated devices and entities) may 
also include one or more communications interfaces for 
communicating with various computing entities. Such as by 
communicating data, content, information, and/or similar 
terms used herein interchangeably that can be transmitted, 
received, operated on, processed, displayed, stored, and/or 
the like. Such communication may be executed using a 
wired data transmission protocol, such as fiber distributed 
data interface (FDDI), digital subscriber line (DSL), Ether 
net, asynchronous transfer mode (ATM), frame relay, data 
over cable service interface specification (DOCSIS), or any 
other wired transmission protocol. Similarly, the communi 
cations network 130 (and associated devices and entities) 
may be configured to communicate via wireless external 
communication networks using any of a variety of protocols, 
such as general packet radio service (GPRS), Universal 
Mobile Telecommunications System (UMTS), Code Divi 
sion Multiple Access 2000 (CDMA2000), CDMA2000 1 x 
(1xRTT), Wideband Code Division Multiple Access 
(WCDMA), Global System for Mobile Communications 
(GSM), Enhanced Data rates for GSM Evolution (EDGE), 
Time Division-Synchronous Code Division Multiple Access 
(TD-SCDMA), Long Term Evolution (LTE), Evolved Uni 
versal Terrestrial Radio Access Network (E-UTRAN), Evo 
lution-Data Optimized (EVDO), High Speed Packet Access 
(HSPA), High-Speed Downlink Packet Access (HSDPA), 
IEEE 802.11 (Wi-Fi), Wi-Fi Direct, 802.16 (WiMAX), ultra 
wideband (UWB), infrared (IR) protocols, near field com 
munication (NFC) protocols, Wilbree, Bluetooth protocols, 
wireless universal serial bus (USB) protocols, and/or any 
other wireless protocol. 

Vehicle Sensors 

0054 As noted above, in various embodiments the 
vehicle 100 is equipped with a variety of vehicle sensors 
capable of generating vehicle telematics data. For example, 
in one embodiment, the vehicle 100 includes sensors con 
figured to make measurements and capture data pertaining to 
the following vehicle dynamics: engine ignition (e.g., on or 
off), engine speed (e.g., RPM and idle time events), vehicle 
speed (e.g., miles per hour), seatbelt status (e.g., engaged or 
disengaged), vehicle heading (e.g., degrees from center), 
vehicle backing (e.g., moving in reverse or not moving in 
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reverse), vehicle door status (e.g., open or closed), vehicle 
handle status (e.g., grasped or not grasped by a driver), 
vehicle location (e.g., GPS coordinates; latitude and longi 
tude), distance traveled (e.g., miles between two points), 
throttle position, brake pedal position, parking brake posi 
tion, distance or time since last maintenance, and various 
engine measurements (e.g., engine oil pressure, engine tem 
perature, and engine faults). In various other embodiments, 
the vehicle 100 may include any combination of the above 
referenced sensors (and additional sensors known in the art) 
depending on the operational data desired by a fleet man 
agement system 5 user. 
0055 According to various embodiments, the vehicles 
sensors disposed within the vehicle 100 comprise on/off 
sensors, which register a Voltage amount that corresponds 
with an on/off condition. For example, in one embodiment, 
a seat belt sensor may register OV when the seat belt is 
disengaged and 12V when the seat belt is engaged. Such 
on/off sensors are sufficient for measuring vehicle dynamics 
in which operational data is needed to indicate two condi 
tions, such as a seat belt, which is either engaged or 
disengaged at all times. As another example, one or more 
door position sensors may be connected, for example, to the 
driver side, passenger side, and bulkhead doors, and may 
register OV when the door with which the sensor is associ 
ated is in an open position, and 12V when the door is closed. 
As another example, an ignition sensor may register OV 
when the vehicle 100 is turned off and 12V when the vehicle 
100 is turned on. As yet another example, a backing light 
sensor may register OV when the vehicles backing lights are 
off and 12V when the vehicle's backing lights are on. As yet 
another example, the engine idle sensor may be configured 
to generate OV when the engine speed is above idle and 12V 
when the engine is idling. 
0056. In addition, according to various embodiments, the 
vehicle sensors disposed within the vehicles 100 also com 
prise variable Voltage sensors, which may be used to register 
variations in Voltage reflecting a certain vehicle dynamic. 
For example, the engine speed sensor may detect the speed 
of the engine in revolutions per minute (RPM) by registering 
a particular voltage that corresponds to a particular RPM 
reading. The Voltage of the sensor may increase or decrease 
proportionately with increases or decreases in the engine 
RPM. As another example, oil pressure sensors may detect 
the vehicle's oil pressure by registering a particular voltage 
that corresponds to a particular oil pressure. Other examples 
of variable Voltage sensors may include temperature sensors, 
vehicle speed sensors, vehicle heading sensors, and vehicle 
location sensors. In addition, according to various embodi 
ments, the vehicle sensors disposed within the vehicles 100 
also comprise environmental sensors, such as air quality 
sensors, temperature sensors, and/or the like. Thus, the 
captured data may also include carbon monoxide (CO), 
nitrogen oxides (NOx), sulfur oxides (SOx), Ethylene Oxide 
(EtO), ozone (O3), hydrogen sulfide (H2S) and/or ammo 
nium (NH4) data, and/or meteorological data (e.g., referred 
to herein as telematics data). 
0057 The exemplary vehicle sensors described above 
may be configured, for example, to operate in any fashion 
Suitable to generate computer-readable data that may be 
captured, stored, and transmitted by the telematics device 
102. In addition, while certain sensors are preferably dis 
posed at particular locations on or within the vehicles 100 
(e.g., handle sensors at the vehicle handles), other sensors 
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may be disposed anywhere within the vehicle, such as within 
the telematics device 102 itself (e.g., a location sensor). 

Data Source: Telematics Device 

0.058 As noted above, according to various embodi 
ments, the telematics device 102 (or data source) may be 
configured to control various vehicle sensors positioned on 
an associated vehicle 100, capture vehicle telematics data 
generated by those sensors, and transmit the captured tele 
matics data to the central server 120 via one of several 
communication methods. According to various embodi 
ments, the various functions of the telematics device 102 
described herein may be generally understood as being 
performed by one or more of the telematics device 102 
components described below. 
0059 FIG. 3 illustrates a detailed schematic block dia 
gram of an exemplary telematics device 102 according to 
one embodiment. In the illustrated embodiment, the telem 
atics device 102 includes the following components: a 
processor or processing element 201 (e.g., one or more 
complex programmable logic devices (CPLDS), micropro 
cessors, multi-core processors, coprocessing entities, appli 
cation-specific instruction-set processors (ASIPs), inte 
grated circuits, application specific integrated circuits 
(ASICs), field programmable gate arrays (FPGAs), pro 
grammable logic arrays (PLAS), hardware accelerators, 
other circuitry, and/or the like), a location-determining 
device or sensor 202 (e.g., GPS sensor), a real-time clock 
203, J-Bus protocol architecture 204, an electronic control 
module (ECM) 205, a port 206 for receiving data from 
vehicle sensors 410 located in one of the vehicles 100 
(shown in FIG. 2), a communication port 207 for receiving 
instruction data, a radio frequency identification (RFID) tag 
212, a power source 208, a data radio 209 for communica 
tion using various wired or wireless protocols and/or various 
memory 210, and a programmable logic controller (PLC) 
211. In an alternative embodiment, the RFID tag 212, the 
location sensor 202, and the PLC 211 may be located in the 
vehicle 100, external from the telematics device 102. In 
other embodiments, the processes described herein as being 
carried out by a single processor 201 may be accomplished 
by multiple processors. In various embodiments, the telem 
atics device 102 may not include certain of the components 
described above, and may include any other Suitable com 
ponents in addition to, or in place of those described above. 
For example, the telematics device 102 may include various 
types of communications components other than those 
described above (e.g., to Support new or improved commu 
nications techniques). 
0060. In one embodiment, the location sensor 202 may be 
one of several components available in the telematics device 
102. The location sensor 202 may be, for example, a 
GPS-based sensor compatible with GPS satellites 115, such 
as Low Earth Orbit (LEO) satellite systems, Department of 
Defense (DOD) satellite systems, the European Union Gali 
leo positioning systems, the Chinese Compass navigation 
systems, Indian Regional Navigational satellite systems, 
and/or the like. This data can be collected using a variety of 
coordinate systems, such as the Decimal Degrees (DD); 
Degrees, Minutes, Seconds (DMS); Universal Transverse 
Mercator (UTM); Universal Polar Stereographic (UPS) 
coordinate systems; and/or the like. Alternatively, triangu 
lation may be used in connection with a device associated 
with a particular vehicle and/or the vehicle's operator and 
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with various communication points (e.g., cellular towers or 
Wi-Fi access points) positioned at various locations through 
out a geographic area to monitor the location of the vehicle 
100 and/or its operator. The location sensor 202 may be used 
to receive position, time, and speed data. In addition, the 
location sensor 202 may be configured to detect when its 
vehicle 100 has entered or exited a GPS-defined geographic 
area (e.g., a geo-fenced area). As will be appreciated from 
the description herein, more than one location sensor 202 
may be utilized, and other similar techniques may likewise 
be used to collect geo-location information associated with 
the vehicle 100 and/or its driver. 

0061. In one embodiment, the ECM 205 with J-Bus 
protocol 204 may be one of several components available in 
the telematics device 102. The ECM 205, which may be a 
scalable and subservient device to the telematics device 102, 
may have data processor capability to decode and store 
analog and digital inputs and ECM data streams from 
vehicle systems and sensors 410, 420. The ECM 205 may 
further have data processing capability to collect and present 
vehicle data to the J-Bus 204 (which may allow transmittal 
to the telematics device 102), and output standard vehicle 
diagnostic codes when received from a vehicle's J-Bus 
compatible on-board controllers 420 or vehicle sensors 410. 
0062. In one embodiment, the instruction data receiving 
port 207 may be one of several components available in the 
telematics device 102. Embodiments of the instruction data 
receiving port 207 may include an Infrared Data Association 
(IrDA) communication port, a data radio, and/or a serial 
port. The instruction receiving data port 207 may receive 
instructions for the telematics device 102. These instructions 
may be specific to the vehicle 100 in which the telematics 
device 102 is installed, specific to the geographical area in 
which the vehicle 100 will be traveling, or specific to the 
function the vehicle 100 serves within the fleet. 

0063. In one embodiment, an RFID tag 212 may be one 
of several components available for use with the telematics 
device 102. One embodiment of the RFID tag 212 may 
include an active RFID tag, which comprises at least one of 
the following: (1) an internal clock; (2) a memory; (3) a 
microprocessor, and (4) at least one input interface for 
connecting with sensors located in the vehicle 100 or the 
telematics device 102. Another embodiment of the RFID tag 
212 may be a passive RFID tag. One or more RFID tags 212 
may be internal to the telematics device 102, wired to the 
telematics device 102, and/or proximate to the telematics 
device 102. Each RFID tag 212 may communicate wire 
lessly with RFID interrogators within a certain geographical 
range of each other. RFID interrogators may be located 
external to the vehicle 100. 

0064. In one embodiment, the data radio 209 may be one 
of several components available in the telematics device 
102. The data radio 209 may be configured to communicate 
using various wired or wireless protocols, or any combina 
tion thereof. In one embodiment, a WPAN data radio pro 
vides connectivity between the telematics device 102 and 
peripheral devices used in close proximity to the vehicle 
100, a local computer, a cellular telephone, and/or the like. 
As mentioned above, in one embodiment of the invention, a 
WPAN, such as, for example, a BluetoothTM network (IEEE 
802.15.1 standard compatible) may be used to transfer 
information between the telematics device 102 and a por 
table data acquisition device or a peripheral device. In other 
embodiments, WPANs compatible with the IEEE 802 family 
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of standards may be used. In one embodiment, the data radio 
209 may be a BluetoothTM serial port adapter that commu 
nicates wirelessly via WPAN to a BluetoothTM chipset 
located in a peripheral device. In addition, a Media Access 
Control (MAC) address, which is a code unique to each 
Bluetooth TM-enabled device that identifies the device, simi 
lar to an Internet protocol address identifying a computer in 
communication with the Internet, can be communicated to 
other devices in communication with the WPAN, which may 
assist in identifying and allowing communication among 
vehicles, cargo, and portable data acquisition devices 
equipped with BluetoothTM devices. As discussed above 
with regard to FIG. 2, and as one of ordinary skill in the art 
will readily recognize, other wireless protocols exist (e.g., 
cellular technology) and can likewise be used in association 
with embodiments of the present invention. 
0065. As described in greater detail below, in various 
embodiments, the telematics device 102 may be configured 
to capture and store telematics data from the vehicle sensors 
410 at predefined time intervals and in response to detecting 
the occurrence of one or more of a plurality of predefined 
vehicle events. Generally, a vehicle event may be defined as 
a condition relating to any parameter or combination of 
parameters measurable by the one or more vehicle sensors 
410 (e.g., the engine idling, vehicle direction, vehicle turns, 
vehicle speed exceeding a certain threshold, etc.). As such, 
the telematics device 102 may be configured to continuously 
monitor the various vehicle sensors 410 and detect when the 
data being generated by one or more the vehicle sensors 410 
indicates one or more of the plurality of predefined vehicle 
events. In response to detecting a vehicle event, the telem 
atics device 102 can capture data from all of the vehicle 
sensors 410 or a particular subset of the vehicle sensors 410 
associated with the detected vehicle event. 

0066. As an example, the telematics device 102 may be 
configured to recognize the occurrence of a first vehicle 
event (e.g., the vehicle's 100 engine being turned on or off), 
a second vehicle event (e.g., the vehicle's 100 speed exceed 
ing a certain threshold), a third vehicle event (e.g., a seatbelt 
in the vehicle 100 being engaged or disengaged), and/or a 
fourth vehicle event (e.g., vehicle's 100 heading reaching a 
threshold away from center). In one embodiment, the tele 
matics device 102 may be configured to capture and store 
telematics data from all of the vehicle sensors 410 in 
response to detecting any of the first vehicle event, the 
second vehicle event, the third vehicle event, and/or the 
fourth event. In another embodiment, the telematics device 
102 is further configured such that the first vehicle event is 
associated with a first Subset of vehicle sensors (e.g., the seat 
belt sensor and location sensor), the second vehicle event is 
associated with a second Subset of vehicle sensors (e.g., a 
vehicle speed sensor and location sensor), the third vehicle 
event is associated with a third subset of vehicle sensors 
(e.g., a seat belt sensor, engine speed sensor, and vehicle 
speed sensor), and the fourth vehicle event is associated with 
a fourth Subset of vehicle sensors (e.g., a heading sensor and 
a location sensor). Accordingly, in this embodiment, the 
telematics device 102 will capture and store telematics data 
from the first set of vehicle sensors after detecting the first 
vehicle event, the second set of vehicle sensors after detect 
ing the second vehicle event, the third set of vehicle sensors 
after detecting the third vehicle event, and the fourth set of 
vehicle sensors after detecting the fourth vehicle event. 
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0067. The vehicle events programmed for recognition by 
the telematics device 102 can be defined in a variety of ways. 
As will be appreciated from the description herein, the 
telematics device 102 may be configured to capture telem 
atics data in response to vehicle events defined by any 
combination of conditions sensed by the vehicle sensors 
410. These predefined vehicle events may be stored, for 
example, on the telematics device's memory 210, or on 
another data storage medium accessible by the telematics 
device's processor 201. 
0068 For example, in various embodiments, the telem 
atics device 102 may be configured to recognize vehicle 
events characterized by data generated by on/off vehicle 
sensors. These vehicle events may include: (a) a vehicle's 
engine being turned on, (b) a vehicle's engine being turned 
off (c) a vehicle door opening, (d) a vehicle door closing, (e) 
a vehicle door being locked, (f) a vehicle door being 
unlocked, (g) a vehicle's reverse gear being selected, (h) a 
vehicle's one or more forward drive gears being selected, (i) 
a vehicle's neutral or park gear being selected, () a vehicle's 
parking break being engaged, (k) a vehicle's seatbelt being 
engaged, (1) a vehicle's seat belt being disengaged, (m) a 
vehicle's heading changing or continuing, (1) a vehicle 
turning, and any other event definable by a parameter 
measured by an on/off sensor. 
0069. In addition, various embodiments of the telematics 
device 102 are also configured to recognize vehicle events 
characterized by data generated by variable voltage vehicles 
sensors or other types of dynamic vehicle sensors. These 
vehicle events may include (a) a vehicle's speed increasing 
from standstill to a non-zero value, (b) a vehicle's speed 
decreasing from a non-Zero value to standstill, (c) a vehicle's 
engine speed exceeding a certain threshold, (d) a vehicle's 
engine speed dropping below a certain threshold, (e) a 
vehicle beginning to move in a reverse direction, (f) a 
vehicle ceasing to move in a reverse direction, (g) a vehi 
cle's heading reaching a threshold away from center, (h) a 
vehicle's engine temperature exceeding a certain threshold, 
(i) a vehicle's gas level falling below a certain level, () a 
vehicle's speed exceeding a certain threshold, and any other 
event definable by a parameter measured by a variable 
Voltage or other dynamic sensor. 
0070. In addition, various embodiments of the telematics 
device 102 are also configured to recognize vehicle events 
characterized by data generated by GPS-sensors or other 
location sensing devices. These vehicle events may include 
(a) a vehicle moving into a geo-fenced area (e.g., a geo 
fenced area defining a shipping hub, delivery area, or other 
work area), (b) a vehicle moving out of a geo-fenced area 
(e.g., a geo-fenced area defining a shipping hub, delivery 
area, or other work area), (c) a vehicle traveling onto a 
predefined route (e.g., a GPS-based road route), (d) a vehicle 
traveling off of a predefined route, (e) a vehicle traveling 
onto a known road (e.g., a road recognized by a GPS 
device), (f) a vehicle traveling off of a known road (e.g., 
exceeding a certain predefined distance from a known road), 
and any other event definable by a parameter measured by 
a location sensing device. 
0071. According to various embodiments, the telematics 
device 102 may be also configured to recognize multiple 
unique vehicle events based on a single varying parameter 
measured by one of the vehicle sensors 410. As one 
example, the telematics device 102 may be configured such 
that a first vehicle event is detected anytime the vehicle's 
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speed begins to exceed 50 miles-per-hour, while a second 
vehicle event is detected anytime the vehicle's speed begins 
to exceed 70 miles-per-hour. As such, the telematics device 
102 may capture telematics data from vehicle sensors 410 in 
response to the vehicle 100 accelerating past 50 miles-per 
hour, and again as the vehicle 100 accelerates past 70 
miles-per-hour. In addition, as noted earlier, the telematics 
device 102 may capture telematics data from unique Subsets 
of vehicle sensors based on the varying measurements of 
vehicle speed (e.g., a first Subset of vehicles sensors asso 
ciated with the 50-mph vehicle event and a second subset of 
vehicle sensors associated with the 70-mph vehicle event). 
This concept may also be applied to other variable param 
eters sensed by vehicle sensors, such as vehicle heading 
(e.g., various threshold degrees from center), engine speed 
(e.g., various threshold RPM measurements), and vehicle 
distance from a predefined path (e.g., threshold value for feet 
from a known road, vehicle route, or other GPS-based 
geographic location). 
0072. In addition, vehicle events may be defined by a 
combination of conditions indicated by various vehicle 
sensors 410. For example, in certain embodiments, the 
telematics device 102 may be configured to detect instances 
of stationary vehicle engine idling (e.g., where the engine is 
on and the vehicle is not moving) based on a combination of 
data from a vehicle engine sensor and a vehicle speed sensor. 
In such embodiments, a first vehicle event is defined as the 
vehicle 100 being turned on and beginning to idle (e.g., 
instances in which the vehicle sensors 410 indicate the 
vehicle's engine is turned on and the vehicle speed is Zero), 
a second vehicle event is defined as the vehicle 100 begin 
ning to move and thereby ceasing to idle (e.g., instances in 
which the vehicle sensors 410 indicate the vehicle's engine 
is on and the vehicle's speed has increased from Zero to a 
non-zero value), a third vehicle event is defined as the 
vehicle 100 slowing to a stop and beginning to idle again 
(e.g., any instance in which the vehicle sensors 410 indicate 
the vehicle's engine is on and the vehicle's speed has 
decreased from a non-zero value to Zero), and a fourth 
vehicle event is defined as the vehicle 100 being turned off 
and again ceasing to idle (e.g., any instance in which the 
vehicle sensors 410 indicate the vehicle's engine is turned 
off and the vehicle speed is zero). As a result, in this 
embodiment, vehicle events are detected and telematics data 
is captured at the beginning and end of every period during 
which the vehicle's engine is idling. In various embodi 
ments, the telematics device 102 can capture every period of 
engine idling for each vehicle. Other examples of vehicle 
events defined by a combination of conditions include (a) 
where a vehicle seatbelt is engaged or disengaged while the 
vehicle is idling, (b) where a vehicle exceeds a certain speed 
while located within a certain geographic area associated 
with the certain speed, and (c) a vehicle door opening or 
closing while the engine is on. 
0073. In addition to—or as an alternative to capturing 
telematics data in response to detected vehicle events, the 
telematics device 102 may be further configured to auto 
matically capture telematics data from the vehicle sensors 
410 at predefined time intervals. For example, in one 
embodiment, the telematics device 102 is programmed with 
a threshold data capture time (e.g., one second, 10 seconds, 
one minute) and may be configured to automatically capture 
telematics data from the vehicle sensors 410 where no 
vehicle events are detected for a period exceeding the 
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defined time. This configuration ensures that the threshold 
data capture time is the longest possible duration between 
telematics data being collected and ensures that the vehicle 
100 is continuously monitored even through periods where 
none of the predefined vehicle events are detected. As will 
be appreciated from the description herein, the threshold 
data capture time may be defined as any period of time 
according to the preference of a fleet management system 5 
user. Where no vehicle events are defined, the telematics 
device 102 would then capture telematics data from the 
vehicle sensors according to the threshold data capture time 
interval as a default setting. 
0074 Although the telematics device 102 is described 
above as capturing telematics data in response to detected 
vehicle events, or in response to a certain elapsed time, the 
telematics device 102 may also be configured to capture 
telematics data in response to other occurrences. For 
example, the telematics device 102 may be triggered 
remotely from the central server to capture telematics data 
from all, or particular, vehicle sensors at any time. 
0075. As noted above, in response to a triggering event— 
such as a defined vehicle event or elapsed threshold data 
capture time—the telematics device 102 can capture telem 
atics data from the vehicle sensors 410. In one embodiment, 
the telematics device 102 may be configured to store the 
captured telematics data in fields of one or more data 
records, each field representing a unique measurement or 
other data from a unique vehicle sensor. As the telematics 
device 102 continues to capture telematics data in response 
to triggering events, multiple records of data comprising 
multiples sets of concurrently captured telematics data are 
amassed. The captured telematics data may be initially 
stored, for example, in the telematics devices memory 
modules 201, in another data storage component of the 
telematics device 102, or in a remote location (e.g., a cloud 
database). 
0076. In various embodiments, after capturing data from 
any of the vehicle sensors 410, the telematics device 102 
may be further configured to concurrently capture and store 
contextual data. The contextual data may include, for 
example, the date (e.g., 12/30/10) and time (e.g., 13:24) the 
data was captured, the vehicle from which the data was 
captured (e.g., a vehicle identification number Such as 
16234), the driver of the vehicle from which the data was 
captured at the time it was captured (e.g., John Q. Doe), 
and/or a logged reason for the data capture (e.g., a code 
indicating a detected vehicle event or indicating that the 
predefined time interval had elapsed). The contextual data 
may be captured, for example, from various telematics 
device components (e.g., an internal clock) and from data 
stored on the telematics device 102 (e.g., current driver 
name, current vehicle id, or various vehicle event codes). 
Further, the telematics device 102 may be configured to 
associate the captured telematics data with the captured 
contextual data in order to ensure concurrently captured 
telematics data and contextual data are linked. For example, 
in one embodiment, the telematics device 102 stores con 
currently captured telematics data and contextual data in the 
same data record or records. 

0077. In various embodiments, a driver may be required 
to enter his or her driver ID number (or name) and vehicle 
id number at the beginning of each day (e.g., using a portable 
data acquisition device in communication with the telemat 
ics device 102) in order to enable the telematics device 102 
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to associate telematics data captured that day with accurate 
contextual data. In other embodiments, the telematics device 
102 may be programmed remotely (e.g., from the central 
server 120 over the network 130) such that it is associated 
with the appropriate driver and vehicle information. Accord 
ing to various embodiments, the contextual data may be 
formatted in any computer-readable and transmittable data 
format. For example, in one embodiment, the contextual 
data is metadata. As the telematics data captured from the 
various vehicle sensors 410 is associated with the captured 
contextual data, the central server 120 will later be able to 
search and identify stored telematics data based on—for 
example—a particular date, time, vehicle, driver, and/or 
vehicle event. 
0078. As noted above, the telematics device 102 is also 
configured to transmit captured telematics data and contex 
tual data to the central server 120. According to various 
embodiments, the captured data may be transmitted using 
any of the communication methods or protocols described 
herein, as well as various other methods and protocols 
known in the art. For example, the telematics device 102 
may be configured to first attempt to establish a connection 
with the central server 120 (e.g., via a wireless signal). If a 
successful connection is made, the telematics device 102 
will transfer captured data to the central server 120. How 
ever, if a Successful connection cannot be made, the telem 
atics device may be configured to alternatively transfer data 
to a portable data acquisition device (e.g., via a wireless 
signal or USB connection). 
0079 According to various embodiments, the defined 
vehicle events that trigger the telematics device 102 to 
capture and store telematics data, the sensors 410 from 
which telematics data are captured, and the intervals defined 
for capturing and storing data when no vehicle events are 
detected each may impact the effectiveness with which the 
fleet management system 5 is able to evaluate the captured 
telematics data. For example, capturing data from a large 
number of vehicle sensors at a high frequency may allow the 
fleet management system 5 to analyze the telematics data 
with greater accuracy. This could be accomplished, for 
example, by a fleet management system with many defined 
vehicle events and relatively short intervals for automati 
cally capturing telematics data. Although the preceding is 
described in the context of a telematics device 102 capturing 
telematics data. The same can occur through various other 
devices (e.g., mobile phones) and other data (e.g., GPS and 
heading data captured from a mobile phone). 

Data Source: User Computing Entity 

0080. In one embodiment, a data source 2 may be a user 
computing entity. A user may be an individual, a family, a 
company, an organization, an entity, a department within an 
organization, a representative of an organization and/or 
person, and/or the like. As indicated, the terms device, 
system, computing entity, entity, and/or similar words used 
herein interchangeably may refer to, for example, one or 
more computers, computing entities, desktop computers, 
mobile phones, tablets, phablets, notebooks, laptops, distrib 
uted systems, gaming consoles (e.g., Xbox, Play Station, 
Wii), watches, glasses, iBeacons, proximity beacons, key 
fobs, RFID tags, ear pieces, Scanners, televisions, dongles, 
cameras, wristbands, wearable items/devices, kiosks, input 
terminals, servers or server networks, blades, gateways, 
Switches, processing devices, processing entities, set-top 
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boxes, relays, routers, network access points, base stations, 
the like, and/or any combination of devices or entities 
adapted to perform the functions, operations, and/or pro 
cesses described herein. Although not shown, the user 
computing entity can include an antenna, a transmitter (e.g., 
radio), a receiver (e.g., radio), and a processing element 
(e.g., CPLDS, microprocessors, multi-core processors, cloud 
processors, coprocessing entities, ASIPs, microcontrollers, 
and/or controllers) that provides signals to and receives 
signals from the transmitter and receiver, respectively. 
0081. The signals provided to and received from the 
transmitter and the receiver, respectively, may include sig 
naling information in accordance with air interface standards 
of applicable wireless systems. In this regard, the user 
computing entity may be capable of operating with one or 
more air interface standards, communication protocols, 
modulation types, and access types. More particularly, the 
user computing entity may operate in accordance with any 
of a number of wireless communication standards and 
protocols, such as those described above with regard to the 
central server 120. In a particular embodiment, the user 
computing entity may operate in accordance with multiple 
wireless communication standards and protocols, such as 
UMTS, CDMA2000, 1xRTT, WCDMA, GSM, EDGE, TD 
SCDMA, LTE, E-UTRAN, EVDO, HSPA, HSDPA, Wi-Fi, 
Wi-Fi Direct, WiMAX, UWB, IR, NFC, Bluetooth, USB, 
and/or the like. Similarly, the user computing entity may 
operate in accordance with multiple wired communication 
standards and protocols, such as those described above with 
regard to the central server 120 via a network interface. 
0082) Via these communication standards and protocols, 
the user computing entity can communicate with various 
other entities using concepts such as Unstructured Supple 
mentary Service Data (USSD), Short Message Service 
(SMS), Multimedia Messaging Service (MMS), Dual-Tone 
Multi-Frequency Signaling (DTMF), and/or Subscriber 
Identity Module Dialer (SIM dialer). The user computing 
entity can also download changes, add-ons, and updates, for 
instance, to its firmware, Software (e.g., including execut 
able instructions, applications, program modules), and oper 
ating system. 
0083. According to one embodiment, the user computing 
entity may include location determining aspects, devices, 
modules, functionalities, and/or similar words used herein 
interchangeably. For example, the user computing entity 
may include outdoor positioning aspects, such as a location 
module adapted to acquire, for example, latitude, longitude, 
altitude, geocode, course, direction, heading, speed, UTC, 
date, and/or various other information/data. In one embodi 
ment, the location module can acquire data, sometimes 
known as ephemeris data, by identifying the number of 
satellites in view and the relative positions of those satellites 
(e.g., using GPS). The satellites may be a variety of different 
satellites, including Low Earth Orbit (LEO) satellite sys 
tems, DOD satellite systems, the European Union Galileo 
positioning systems, the Chinese Compass navigation sys 
tems, Indian Regional Navigational satellite systems, and/or 
the like. This data can be collected using a variety of 
coordinate systems, such as the DD, DMS, UTM, UPS 
coordinate systems, and/or the like. Alternatively, the loca 
tion information can be determined by triangulating the user 
computing entity's position in connection with a variety of 
other systems, including cellular towers, Wi-Fi access 
points, and/or the like. Similarly, the user computing entity 
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may include indoor positioning aspects, such as a location 
module adapted to acquire, for example, latitude, longitude, 
altitude, geocode, course, direction, heading, speed, time, 
date, and/or various other information/data. Some of the 
indoor systems may use various position or location tech 
nologies including RFID tags, indoor beacons or transmit 
ters, Wi-Fi access points, cellular towers, nearby computing 
devices (e.g., Smartphones, laptops) and/or the like. For 
instance. Such technologies may include the iBeacons, Gim 
bal proximity beacons, Bluetooth Low Energy (BLE) trans 
mitters, Bluetooth Smart, NFC transmitters, and/or the like. 
These indoor positioning aspects can be used in a variety of 
settings to determine the location of someone or something 
to within inches or centimeters. The position data, location 
data, heading data, and/or the like may be referred to as 
location data, GPS data, user computing entity data, and/or 
the like. 

I0084. The user computing entity may also comprise a 
user interface (that can include a display coupled to a 
processing element) and/or a user input interface (coupled to 
a processing element). For example, the user interface may 
be a user application, browser, user interface, interface, 
and/or similar words used herein interchangeably executing 
on and/or accessible via the user computing entity to interact 
with and/or cause display of information from the central 
server 120 or telematics device 102, as described herein. The 
user input interface can comprise any of a number of devices 
or interfaces allowing the user computing entity to receive 
data, such as a keypad (hard or soft), a touch display, 
Voice/speech or motion interfaces, or other input device. In 
embodiments including a keypad, the keypad can include (or 
cause display of) the conventional numeric (0-9) and related 
keys (ii, ), and other keys used for operating the user 
computing entity and may include a full set of alphabetic 
keys or set of keys that may be activated to provide a full set 
of alphanumeric keys. In addition to providing input, the 
user input interface can be used, for example, to activate or 
deactivate certain functions, such as Screen savers and/or 
sleep modes. 
I0085. The user computing entity can also include volatile 
storage or memory and/or non-volatile storage or memory, 
which can be embedded and/or may be removable. For 
example, the non-volatile memory may be ROM, PROM, 
EPROM, EEPROM, flash memory, MMCs, SD memory 
cards, Memory Sticks, CBRAM, PRAM, FeRAM, 
NVRAM, MRAM, RRAM, SONOS, FJG RAM, Millipede 
memory, racetrack memory, and/or the like. The Volatile 
memory may be RAM, DRAM, SRAM, FPM DRAM, EDO 
DRAM, SDRAM, DDR SDRAM, DDR2 SDRAM, DDR3 
SDRAM, RDRAM, TTRAM, T-RAM, Z-RAM, RIMM, 
DIMM, SIMM, VRAM, cache memory, register memory, 
and/or the like. The volatile and non-volatile storage or 
memory can store databases, database instances, database 
management Systems, data, applications, programs, program 
modules, Scripts, source code, object code, byte code, com 
piled code, interpreted code, machine code, executable 
instructions, and/or the like to implement the functions of 
the user computing entity. As indicated, this may include a 
user application that is resident on the entity or accessible 
through a browser or other user interface for communicating 
with the telematics device 102, the central server 120, and/or 
various other computing entities. 
I0086. In another embodiment, the user computing entity 
may include one or more components or functionality that 
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are the same or similar to those of the central server 120, as 
described in greater detail above. As will be recognized, 
these architectures and descriptions are provided for exem 
plary purposes only and are not limiting to the various 
embodiments. 

Central Server 

0087. As noted above, various embodiments of the cen 
tral server 120 are generally configured for receiving and 
storing operational data (e.g., telematics data received from 
the telematics device 102) and evaluating the operational 
data for a fleet of vehicles in order to assess various fleet 
efficiencies and aid fleet management system 5 users in 
improving the operational efficiency of the fleet. According 
to various embodiments, the central server 120 includes 
various means for performing one or more functions in 
accordance with embodiments of the present invention, 
including those more particularly shown and described 
herein. As will be appreciated from the description herein, 
however, the central server 120 may include alternative 
devices for performing one or more like functions without 
departing from the spirit and scope of the present invention. 
0088 FIG. 4 illustrates a schematic diagram of the central 
server 120 according to various embodiments. The central 
server 120 includes a processor 60 that communicates with 
other elements within the central server 120 via a system 
interface or bus 61. In the illustrated embodiment, the 
central server 120 includes 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. In certain 
embodiments, the central server 120 may not include a 
display device/input device and may be alternatively 
accessed by a separate computing device (e.g., a networked 
device/entity) having a display device and input device. The 
central server 120 further includes memory 66, which pref 
erably includes both ROM 65 and 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 central server 120. 
0089. In addition, the central server 120 includes at least 
one storage device 63 for storing information on various 
computer-readable media. 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 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. 
0090. A number of program modules may be stored by 
the various storage devices and within RAM 65. In the 
illustrated embodiment, such program modules include an 
operating system 80, a segment identification module 2000, 
an individual segment analysis module 3000, a one-way 
segment module 4000, a regional analysis module 5000, and 
a summary report module 6000. According to various 
embodiments, the modules 2000-6000 control certain 
aspects of the operation of the central server 120 with the 
assistance of the processor 60 and operating system 80. 
Embodiments of these modules are described in more detail 
below in relation to FIGS. 6-23. In a particular embodiment, 
these program modules 2000-6000, are executed by the 
central server 120 and are configured to generate user 
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interfaces accessible to users of the system. In one embodi 
ment, the user interfaces may be accessible via the Internet 
or other communications network. In other embodiments, 
one or more of the modules 2000-6000 may be stored locally 
on one or more computers and executed by one or more 
processors of the computers. 
0091. According to various embodiments, the central 
server 120 may be configured to send data to, receive data 
from, and utilize data contained in a central server database, 
which may be comprised of one or more separate, linked 
databases. For example, in executing the various modules 
2000-6000, the central server 120 may retrieve data neces 
sary for performing various analyses from the central server 
database, and may store data resulting from various analyses 
in the central server database. According to various embodi 
ments, the central server database may be a component of 
the central server 120, or a separate component located 
remotely from the central server 120. In addition, the central 
server database may be configured for storing data in various 
data sets. In various embodiments, each data set may com 
prise a plurality of stored data records, each record (or set of 
associated records) comprising one or more data fields of 
unique data entries. For example, telematics data and con 
textual data concurrently captured by the telematics device 
102 may be stored in a data record, where each data field in 
the data record represents a unique data entry (e.g., a 
measurement of vehicle speed, GPS coordinates, the time 
and date the data was captured, and an ID number of the 
vehicle from which the data was captured). 
0092. Also located within the central server 120 is a 
network interface 74, for interfacing and communicating 
(e.g., using wired and/or wireless protocols) 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 central 
server 120 components may be located geographically 
remotely from other central server 120 components. Fur 
thermore, one or more of the components may be combined, 
and additional components performing functions described 
herein may be included in the central server 120. 
0093. While the foregoing describes a single processor/ 
processing element 60, as one of ordinary skill in the art will 
recognize, the central server 120 may comprise multiple 
processors operating in conjunction with one another to 
perform the functionality described herein. In addition to the 
memory 66, the processor 60 can also be connected to at 
least one interface or other means for displaying, transmit 
ting and/or receiving data, content or the like. In this regard, 
the interface(s) can include at least one communication 
interface or other means for transmitting and/or receiving 
data, content or the like, as well as at least one user interface 
that can include a display and/or a user input interface. The 
user input interface, in turn, can comprise any of a number 
of devices allowing the entity to receive data from a user, 
Such as a keypad, a touch display, a joystick or other input 
device. 

0094. While reference is made to a central “server 120, 
as one of ordinary skill in the art will recognize, embodi 
ments of the present invention are not limited to a client 
server architecture and that the server need not be central 
ized. The system of embodiments of the present invention is 
further not limited to a single server, or similar network 
entity or mainframe computer system. Rather, the terms 
server, computing entity, computer, entity, device, system, 
and/or similar words used herein interchangeably may refer 



US 2016/0334225A1 

to, for example, one or more computers, computing entities, 
desktop computers, mobile phones, tablets, phablets, note 
books, laptops, distributed systems, gaming consoles (e.g., 
Xbox, Play Station, Wii), watches, glasses, iBeacons, prox 
imity beacons, key fobs, radio frequency identification 
(RFID) tags, earpieces, Scanners, televisions, dongles, cam 
eras, wristbands, wearable items/devices, kiosks, input ter 
minals, servers or server networks, blades, gateways, 
Switches, processing devices, processing entities, set-top 
boxes, relays, routers, network access points, base stations, 
the like, and/or any combination of devices or entities 
adapted to perform the functions, operations, and/or pro 
cesses described herein. Other similar architectures includ 
ing one or more network entities operating in conjunction 
with one another to provide the functionality described 
herein may likewise be used without departing from the 
spirit and scope of embodiments of the present invention. 
For example, a mesh network of two or more personal 
computers (PCs), or similar electronic devices, collaborating 
with one another to provide the functionality described 
herein in association with the central server 120 may like 
wise be used without departing from the spirit and scope of 
embodiments of the present invention. 

Exemplary Operation 

Capturing Data for a Fleet 
0095 According to various embodiments, the fleet man 
agement system 5 may be configured to capture operational 
data from various vehicles 100 and/or their respective driv 
ers over a period of time in order to amass data reflecting the 
overall operations of the fleet. The operational data captured 
by the fleet management system 5 may comprise telematics 
data, contextual data, user computing entity data, and/or the 
like. 

0096. As described in greater detail below, a data source 
entity (e.g., telematics device 102, user computing entity, 
and/or the like) may be configured for capturing operational 
data (e.g., telematics data, user computing entity data, con 
textual data, and/or the like) such that the data may later be 
evaluated. The captured operational data is then transmitted 
to the central server 120, which receives, processes, and 
stores the data in order to it prepare it for evaluation in 
accordance with user requests received via a graphical user 
interface and/or for automatic analysis in accordance with 
pre-determined analysis protocols. 

Operation of Data Source Capturing Data 

0097. As noted above, according to various embodi 
ments, a data source entity may be configured to collect data 
from various sensors or determinations, store the data, and 
transmit the data to the central server 120. FIG. 5 illustrates 
exemplary steps executed by the telematics device 102 to 
capture and transmit telematics data according to one 
embodiment. In various embodiments, the components of 
the telematics device 102 described herein may be config 
ured to execute the steps of FIG. 5 in accordance with the 
principles described above. As will also be recognized, 
various other devices/entities can capture and store various 
types data using a variety of techniques and approaches. 
0098. Beginning with step 602, the telematics device 102 
monitors data generated by the vehicle sensors 410 for 
parameters that match predefined vehicle events pro 
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grammed in the telematics device 102. In one embodiment, 
the telematics device 102 can be programmed to monitor 
some or all the following predefined vehicle events in step 
602: (a) the vehicle 100 being turned on and beginning to 
idle (e.g., where vehicle sensors 410 indicate the vehicle's 
engine is turned on and the vehicle speed is Zero), (b) the 
vehicle 100 beginning to move and thereby ceasing to idle 
(e.g., where the vehicle sensors 410 indicate the vehicle's 
engine is on and the vehicle's speed has increased from Zero 
to a non-zero value), (c) the vehicle 100 slowing to a stop 
and beginning to idle (e.g., where the vehicle sensors 410 
indicate the vehicle's engine is on and the vehicle's speed 
has decreased from a non-zero value to Zero), (d) the vehicle 
100 being turned off and ceasing to idle (e.g., where the 
vehicle sensors 410 indicate the vehicle's engine is turned 
off and the vehicle speed is zero), (e) the vehicle 100 moving 
out of a geo-fenced area associated with its home shipping 
hub (e.g., as indicated by a GPS sensor), (f) the vehicle 100 
moving into a geo-fenced area associated with its home 
shipping hub, (g) the vehicle 100 moving into a geo-fenced 
area associated with a delivery area assigned to vehicle 100 
and its driver, (h) the vehicle 100 moving out of a geo 
fenced area associated with a delivery area assigned to 
vehicle 100 and its driver, (i) the vehicle 100 beginning to 
move in a reverse direction, () the vehicle 100 ceasing to 
move in a reverse direction, (k) the vehicle's seat belt being 
engaged or disengaged while the vehicle's engine is on, (1) 
the vehicle's heading changing beyond a predefined thresh 
old degree. (m) the vehicle's blinker or lights being activated 
or inactivated, and/or the like. 
(0099 Next, at step 604, the telematics device 102 deter 
mines whether any of the predefined vehicle events have 
occurred. If a vehicle event is detected, the telematics device 
102 moves to step 606, where it can capture and stores 
telematics data from the vehicle sensors 410. As noted 
earlier, the telematics data captured from the sensors 410 
may indicate measurements or data from each of the vehicle 
sensors 410. This telematics data may indicate, for example, 
engine ignition status (e.g., on or off), engine speed (e.g., 
RPM), vehicle speed (e.g., miles per hour), vehicle location 
(e.g., latitude and longitude), current distance traveled (e.g., 
current odometer reading), location status (e.g., on-property, 
on-area), seat belt status (e.g., engaged or disengaged). 
heading, speed, acceleration, vehicle backing status (e.g., 
moving in reverse or not moving in reverse), and/or the like. 
In one embodiment, the telematics device 102 stores cap 
tured telematics data in its memory 210, in another data 
storage component of the telematics device 102, or in an 
associated database (e.g., a cloud database). 
0100 If a vehicle event is not detected in step 604, the 
data source entity (e.g., telematics device 102, user com 
puting entity, and/or the like) moves to step 608, where it 
determines whether a threshold data capture time has 
elapsed. For example, in one embodiment, the threshold data 
capture time is defined as 3 seconds. If the data source entity 
(e.g., telematics device 102, user computing entity, and/or 
the like) determines that the threshold data capture time has 
not elapsed, it returns to step 602 to continue monitoring for 
vehicle events. However, if the data source entity (e.g., 
telematics device 102, user computing entity, and/or the 
like) determines that the threshold data capture time has 
elapsed (e.g., more than 3 seconds have passed since the last 
time data was captured from the vehicle sensors), the data 
Source entity moves to step 606 and can capture telematics 
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data (and/or various other types of data) from all or some of 
the vehicle sensors 410 as described above. 
0101 Next, at step 612, the data source entity (e.g., 
telematics device 102, user computing entity, and/or the 
like) can capture contextual data and associates the contex 
tual data with the telematics data captured and stored in step 
606. In various embodiments, step 612 may be executed 
concurrently with the step 606. In one embodiment, the data 
Source entity (e.g., telematics device 102, user computing 
entity, and/or the like) may be configured to capture some or 
all of the following contextual data in step 612: the date 
(e.g., 12/30/10) and time (e.g., 13:24) the data was captured, 
the vehicle from which the data was captured (e.g., a vehicle 
identification number such as 16234), the driver of the 
vehicle from which the data was captured at the time it was 
captured (e.g., John Q. Doe), and a logged reason for the 
data capture (e.g., a code indicating the detected vehicle 
event or indicating that the threshold data capture time 
interval elapsed). Further, in one embodiment, the data 
Source entity (e.g., telematics device 102, user computing 
entity, and/or the like) (or various other entities/devices) 
may be configured to associate the captured telematics data 
with the captured contextual data by storing fields of tele 
matics data captured from the vehicles sensors 410 in the 
same record, or records, as concurrently captured contextual 
data, thereby associating concurrently captured data. 
0102 Next, at step 614, the data source entity (e.g., 
telematics device 102, user computing entity, and/or the 
like) (or various other entities/devices) can transmit the 
telematics data and associated contextual data captured and 
stored in steps 606 and 612 to the central server 120. This 
may be accomplished by using any of the transmission 
methods and systems described herein, as well as other 
methods, protocols, and systems known in the art. As 
described earlier, in one embodiment the data source entity 
(e.g., telematics device 102, user computing entity, and/or 
the like) may be configured to first attempt to transmit 
captured data to the central server 120, and subsequently 
attempt to transfer data to a portable data acquisition device 
if a connection with the central server 120 is unavailable. 

Operation of Central Server Processing Data 
0103) According to various embodiments, the central 
server 120 (or various other entities/devices) may be con 
figured for receiving, processing, and storing the data (e.g., 
telematics data, user computing entity data, contextual data, 
and/or the like) received from the data source entity (e.g., 
telematics device 102, user computing entity, and/or the 
like). In particular, the central server 120 processes and 
stores received operational data (e.g., telematics data, user 
computing entity data, contextual data, and/or the like) in a 
manner that facilitates evaluation of the data. 
0104. According to various embodiments, in response to 
receiving operational data (e.g., telematics data, user com 
puting entity data, contextual data, and/or the like), the 
central server 120 may be configured to process and store the 
data in an operational data set stored on the central server 
database (which may comprise one or more databases). The 
central server 120 can populate the operational data set by 
storing telematics data/user computing entity data in asso 
ciation with concurrently captured contextual data, thereby 
providing a contextual relationship between all of the stored 
operational data. For example, in various embodiments, the 
operational data set comprises a plurality of data records 

Nov. 17, 2016 

representing concurrently captured data. Each data record 
(or plurality of associated data records) comprises a plurality 
of data fields representing a unique data entry. 
0105. In one embodiment, a data record of operational 
data (e.g., telematics data, user computing entity data, con 
textual data, and/or the like) may comprise a plurality of data 
fields each representing a measurement from the vehicle 
sensors 410 (e.g., vehicle speed, vehicle location, engine 
speed, vehicle heading) and a plurality of data fields each 
representing a contextual data measurement (e.g., date, time, 
driver, vehicle, logged reason for data capture). The data in 
each data field of the record represents data captured con 
currently with the data in the other data fields. By storing 
telematics data/user computing entity data in association 
with contextual data, the central server 120 may later access 
and retrieve data from the operational data set by searching 
the stored data according to date, time, driver, vehicle, 
logged reason for data capture, or any other data field or 
combination of data fields associated with the stored tele 
matics data (e.g., engine speed, Street segment, intersection, 
vehicle speed, RPM, etc.). 
0106. In addition, according to various embodiments, the 
central server 120 may be configured for maintaining a 
planning data set stored in the central server database (or in 
another database accessible by the central server 120). The 
planning data set may include Stored data indicating, for 
example, planned delivery routes for various drivers and 
vehicles (e.g., a GPS-based route plan for a particular 
vehicle 100), the locations of planned stops along each 
delivery route (e.g., location name and/or GPS location), 
planned distances associated with planned delivery routes 
and stops (e.g., total planned distance for a delivery route, 
planned distances between planned stops), planned times 
associated with various routes and stops (e.g., planned times 
for travel between stops, planned times for executing a 
delivery at a particular stop), planned delivery activities at 
each stop (e.g., pickup, delivery, pickup & delivery), par 
ticular packages or freight to be picked-up or delivered at a 
given stop (e.g., one or more tracking numbers for packages 
or freight), bills of lading associated with packages or freight 
being picked up or delivered at a particular stop (e.g., a 
number or code associated with a bill of lading), the weight 
of packages or freight to be picked-up or delivered at a 
particular stop (e.g., total weight for a pickup or delivery, or 
weight associated with a particular bill of lading, package, or 
portion of freight), and the number of units to be picked up 
or delivered at each stop (e.g., total number of units for a 
pickup or delivery, or number of units associated with a 
particular bill of lading). 
0107 The data stored in the planning data set may be 
stored such that it is associated with, for example, a par 
ticular driver, vehicle, route, date, and/or hub location. As 
such, the central server 120 may access and retrieve data 
from the planning data set by searching the stored data 
according to driver, vehicle, route, date, hub location, or any 
data field associated with the above described data (e.g., 
time, distance, weight, bill of lading number, tracking num 
ber, etc.). Accordingly, as described in greater detail below, 
the central server 120 may retrieve planning data stored in 
the planning data set for use in evaluating the operational 
data stored in the operational data set, and/or the central 
server 120 may retrieve operational data stored in the 
operational data set for use in evaluating planning data 
stored in the planning data set. 
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0108. According to various embodiments, the central 
server 120 may be further configured to evaluate data stored 
in the operational data set to identify segments of activity 
indicated by the operational data (herein referred to as 
“segmenting the data). For example, each identified activity 
segment may represent a period of time (e.g., 11:00 to 11:42 
on 12/31/10) classified according to activity (e.g., engine 
idle segments, turning segments, change of direction seg 
ments, vehicle stop time, vehicle travel time), many of 
which may overlap with one another. According to various 
embodiments, these activity segments may be identified by 
the central server 120 in accordance with the principles and 
configurations detailed in U.S. patent application Ser. No. 
13/435,498 (now published as U.S. Publication No. 2012/ 
0253888), the entirety of which is hereby incorporated by 
reference. In Such embodiments, the resulting segmented 
data may be stored in a segmented data set for use in further 
evaluations or analyses performed by the central server 120. 
0109. In various embodiments, the central server 120 
may be configured to evaluate data stored in the operational 
data set to identify segment data corresponding to a defined 
street segment, the direction and/or heading of a vehicle as 
it traveled a defined Street segment; to determine various 
attributes of each defined Street segment (e.g., whether a 
defined street segment is a bi-directional segment, a revers 
ible segment, or a one-way segment; the direction of travel 
of one-way segments; and/or the like); and/or to evaluate the 
accuracy of map data associated with each defined Street 
segment. For example, the central server 120 may be con 
figured to identify one or more defined street segments. The 
central server 120 may be further configured to identify 
incidences where a vehicle traveled along a defined street 
segment, resulting in a data set corresponding to the vehicle 
traveling along the defined street segment (referred to herein 
as “traveled segment data'). Additionally, the central server 
120 may be configured to analyze one or more traveled 
segments for a defined street segment. In various embodi 
ments, the resulting traveled segment data is stored in a 
street segment data set of the central server database (which 
may be unique from, or a Subset of the aforementioned 
segmented data set). As described in greater detail below, 
according to various embodiments, the central server 120 
may be configured to execute the above-referenced segment 
identification module 2000 in order to segment the opera 
tional data stored in the operational data set and generate 
traveled segment data to be stored in the street segment data 
set. For example, in one embodiment, the central server 120 
may be configured to execute the segment identification 
module 2000 at the end of each business day (and/or at 
various other time periods and/or in response to certain 
triggers), segment the day's data added to the operational 
data set, and add the resulting segmented data to the Street 
segment data set. In various other embodiments, the central 
server 120 may be configured to run the segment identifi 
cation module 2000 at other increments or in response to a 
specific user request (e.g., a user request to segment a 
specific Subset of operational data in the operational data 
set). 

Segment Identification 

0110. As noted above, various embodiments of the seg 
ment identification module 2000 are configured for identi 
fying one or more defined street segments and evaluating 
operational data in order to identify traveled segment data 
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corresponding to one or more defined street segments. 
Generally, each identified set of traveled segment data 
corresponds to operational data collected as the vehicle 
traveled along a defined street segment. For example, the 
operational data collected by a vehicle as it traversed Main 
Street between 9' Street and 10" Street may be identified as 
a set of traveled segment data corresponding to defined 
street segment defined along Main Street between 9" Street 
and 10" Street. By identifying one or more sets of traveled 
segment data corresponding to a defined street segment 
within the operational data captured by the data source entity 
(e.g., telematics device 102, user computing entity, and/or 
the like), the segment identification module 2000 can gen 
erate an accounting of the direction of travel by one or more 
vehicles within the fleet during one or more time periods as 
the one or more vehicles traversed the defined street seg 
ment. As described in relation to the various modules 
3000-6000 below, identifying traveled segment data in the 
captured operational data for a fleet enables the central 
server 120 to perform a variety of further analyses in order 
to assess various fleet efficiencies, evaluate the accuracy of 
map data, and to provide a graphical representation of 
vehicle and delivery activities for any period of time. 
0111 FIG. 6 illustrates steps executed by the segment 
identification module 2000 to segment operational data 
according to one embodiment. Beginning at Step 2002, the 
segment identification module 2000 first defines one or more 
street segments. A street segment may be defined based on 
map data, user input, and/or the like. Each defined street 
segment is defined by one or more GPS coordinates, latitude 
and longitude coordinates, a geo-fenced area, and/or the like 
and corresponds to a portion of a street or roadway that a 
vehicle might travel. For example, the defined street seg 
ment may be defined by a pair of end points, a middle point 
and a length of the defined segment, or a series of points 
along the defined street segment, where each point may be 
given by GPS coordinates or latitude and longitude coordi 
nates. In some embodiments, the segment identification 
module 2000 loads data identifying and/or defining one or 
more defined street segments, rather than defining the 
defined street segments each time the segment identification 
module 2000 is initiated. 

0112 Next, the segment identification module selects 
operational data from the operational data set to segment for 
segment data identification at step 2004. As noted above, the 
central server 120 may call the segment identification mod 
ule 2000 to segment newly captured (or previously unseg 
mented) operational data stored in the operational data set 
with a predefined frequency (e.g., at the end of every 
business day) or in response to a user request (e.g., a request 
received via the user interface to segment operational data 
corresponding to certain user-selected parameters). Accord 
ingly, the segment identification module 2000 executes step 
2004 according to these frequency or user request param 
eters (e.g., by identifying unsegmented data in the opera 
tional data set or by retrieving operational data correspond 
ing to user-specified parameters). 
0113. Next, at step 2006 the segment identification mod 
ule 2000 assesses data points in the selected operational data 
to identify instances in which the vehicle has traveled along 
a defined Street segment. For example, in certain embodi 
ments, the segment identification module 2000 may be 
configured to identify instances in which a particular vehi 
cle's location indicates that the vehicle traveled along the 
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defined street segment. For example, if the defined street 
segment is defined by a geo-fence or if the location of the 
vehicle indicated by an operational data point is within the 
geo-fence, the operational data point corresponds to when 
the vehicle traveled along the defined street segment. If the 
defined street segment is defined by one or more points (e.g., 
GPS coordinates, latitude and longitude coordinates, and/or 
the like) or if a location of the vehicle indicated by an 
operational data point is within a predetermined distance of 
one of the points, a line defined by one or more of the points, 
and/or the like, the operational data point corresponds to 
when the vehicle traveled along the defined street segment. 
0114. To illustrate this concept, FIG. 7A shows a defined 
street segment 310 defined by street segment end points 311. 
The dashed line 312 connects end points 311. Data points 
301,302,303,304,305, and 306 are operational data points 
collected as a vehicle traveled in the vicinity of defined street 
segment 310. FIG. 7B is an expanded view of the circled 
portion of FIG. 7A. The minimum distance between data 
point 304 and the dashed line 312 is calculated to be a 
distance d1 and the minimum distance between data point 
305 and the dashed line 312 is calculated to be a distance d2. 
A threshold distance d, which may be predetermined or 
provided via user input, is used to determine if an opera 
tional data point was collected while the vehicle was trav 
eling down the street segment. For example, in the example 
illustrated in FIGS. 7A and 7B, d1 is less than or approxi 
mately equal to the threshold valued and d2 is greater than 
the threshold valued. Thus, as data point 304 is less than the 
threshold distance away from the dashed line 312, data point 
304 was collected as the vehicle traveled along the defined 
street segment 310 and, as data point 305 is greater than the 
threshold distance away from the dash line 312, data point 
305 was captured as the vehicle traveled in the vicinity of the 
street segment 310, but not along the defined Street segment 
310. Using this logic, the segment identification module 
2000 can identify operational data that was collected as a 
vehicle traveled along a defined street segment. It should be 
understood that a variety of other methods may be used to 
determine which operational data points were collected as 
the vehicle traveled along a defined street segment. For 
example, in another embodiment, a defined street segment 
may be defined by a geo-fence. In such an embodiment, the 
segment identification module 2000 may determine that an 
operational data point was captured while the vehicle trav 
eled along the defined street segment if the location of the 
vehicle when the data point was captured is within the 
geo-fence used to define the defined street segment. 
0115 Referring back to FIG. 6, the segment identification 
module 2000 next proceeds to step 2008 where it determines 
whether the current data point was captured while the 
vehicle traveled along a defined street segment based on the 
analysis performed in step 2006. If the current data point 
does not correspond to a defined Street segment, the segment 
identification module 2000 returns to step 2006 and analyzes 
the next data point in the operational data. If the current data 
point has been marked as corresponding to a defined Street 
segment, the segment identification module 2000 continues 
to step 2010. 
0116. As multiple data points are typically captured as a 
vehicle travels along a street segment, the segment identi 
fication module 2000 next identifies in step 2010 the data 
points associated with the vehicle entering and exiting the 
defined street segment. According to various embodiments, 
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the segment identification module 2000 may be configured 
to identify these segment starting and ending points based on 
an analysis similar to that discussed above with respect to 
step 2006 and/or other suitable analysis. For example, using 
the data point marked in step 2006 as a base, the segment 
identification module 2000 first analyzes data points pre 
ceding the marked data point to identify the data point 
corresponding to the vehicle beginning to travel along the 
defined street segment. In various embodiments, the data 
point corresponding to the vehicle entering the defined Street 
segment, referred to as the segment starting point, may be 
defined as a data point captured when the vehicle was 
traveling along and/or located on the defined Street segment 
and for which the immediately preceding data point was not 
captured when the vehicle was traveling along and/or 
located on the defined street segment. For example, the 
segment identification module 2000 analyzes prior data 
points to determine which data point corresponds to the 
vehicle entering the defined street segment. 
0117. After identifying the segment starting point, the 
segment identification module 2000 next analyzes data 
points succeeding the marked data point to identify the data 
point corresponding to the vehicle leaving the defined Street 
segment. In various embodiments, the data point corre 
sponding to the vehicle leaving the defined Street segment, 
referred to as the segment ending point, may be defined as 
a data point captured when the vehicle was traveling along 
and/or located on the defined street segment and for which 
the immediately seceding data point was not captured when 
the vehicle was traveling along and/or located on the defined 
street segment. In various embodiments, this may be accom 
plished using a methodology similar to that employed to 
identify the segment starting point. For example, in one 
embodiment, the segment identification module 2000 ana 
lyzes later data points to determine the data point corre 
sponding to when the vehicle exited the defined street 
segment. Referring back to the illustration of FIG. 7A as an 
example, if data point 302 is the marked data point, the 
segment identification module 2000 would first identify data 
point 303 as the next data point after the marked data point 
302. In this example, data point 303 was captured when the 
vehicle was traveling along the defined street segment, so 
the segment identification module 2000 would determine 
that data point 302 is not the segment ending point. The 
segment identification module 2000 would then analyze data 
point 303 and determine the data point immediately seced 
ing data point 303, data point 304, was captured while the 
vehicle was located along the defined street segment. Thus, 
data point 303 is not the segment ending point. The segment 
identification module would then analyze data point 304 and 
determine that the data appoint immediately seceding data 
point 304, data point 305, was captured while the vehicle 
was not located along the defined Street segment. Thus, the 
segment identification module 2000 would determine that 
data point 304 is the segment ending point. 
0118. In various embodiments, the segment starting and 
ending points define a traveled segment. After identifying 
the starting and ending points of the traveled segment, the 
segment identification module 2000 completes step 2010 by 
storing the segment starting and ending points for the 
traveled segment, all of the points associated with the 
traveled segment, and/or a sub-set of the points associated 
with the traveled segment in a street segment data set as 
being associated with an incidence of a vehicle traveling 
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along a defined street segment (e.g., in the central server 
database). In various embodiments, the traveled segment 
data may be stored in association with a defined segment 
identifier, wherein the defined segment identifier may be 
configured to identify the defined street segment to which 
the traveled segment corresponds. In addition, in one 
embodiment, the identified traveled segment is stored in the 
street segment data set in association with contextual data 
indicating the operational data from which it was derived. 
For context, FIG. 8 shows a Gantt chart type illustration of 
a traveled segment for a vehicle traveling along a defined 
street segment identified based on the travel of the vehicle 
shown in FIG. 7A. 

0119 Referring back to FIG. 6, at step 2012, the segment 
identification module 2000 next determines a traveled head 
ing associated with the traveled segment, wherein the trav 
eled heading indicates the direction the vehicle traveled as it 
traversed the defined street segment. For example, the 
segment identification module 2000 may determine the 
traveled heading as a directional heading (e.g., the vehicle 
traveled at 36° or 198), a cardinal or intermediate direction 
(e.g., the vehicle traveled east or Southwest), a relative 
direction (e.g., heading in to town, away from the airport), 
and/or the like. As noted above, the operational data may 
comprise a variety of operational data (e.g., telematics data, 
user computing entity data, contextual data, and/or the like), 
Such as vehicle heading, location, time the data was col 
lected, and/or other types of data that may be used to 
determine the traveled heading. 
0120 In one embodiment, the vehicle heading data asso 
ciated with the traveled segment data may be used to 
determine the traveled heading associated with the traveled 
segment. The traveled heading determination may be made 
based on the vehicle heading data associated with a single 
data point in the traveled segment data or an average or 
weighted average of the vehicle heading data associated 
with two or more data points in the traveled segment data. 
Referring to FIG. 7A, for example, the traveled heading 
determination may be based on the vehicle heading data 
associated with data point 303, an average of the vehicle 
heading data associated with data points 302 and 303, or an 
average of the vehicle heading data associated with data 
points 301, 302, 303, and 304. As will be recognized, a 
variety of other approaches and techniques can be used to 
determine the heading. 
0121. In another embodiment, location data associated 
with the traveled segment data may be used to determine the 
traveled heading associated with the traveled segment. As 
noted above, each data point may be associated with a GPS 
location or other location. The change in location between 
two or more data points may therefore be used to determine 
the direction in which the vehicle traveled between when the 
data points were captured (e.g., using component or mag 
nitude and direction vector arithmetic and/or the like). The 
traveled heading may be determined based on the change of 
location between two consecutive data points of the traveled 
segment data, two non-consecutive data points of the trav 
eled segment data, an average or weighted average of two or 
more change in location calculations, based on the change in 
location between the segment starting point and the segment 
ending point, and/or the like. For example, referring to FIG. 
7A, the traveled heading associated with the traveled seg 
ment may be determined by calculating/determining the 
change in location between the segment starting point 301 
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and the segment ending point 304, the change in location 
between points 302 and 303, or by averaging the direction 
of travel based on the change in location between data points 
301 and 302, 302 and 303, and 303 and 304. In various 
embodiments, when determining the traveled heading, any 
data points of the traveled data segment that were captured 
while the vehicle was in reverse may be removed from 
consideration. As should be understood, a variety of meth 
ods may be used to determine the traveled heading associ 
ated with the traveled segment. 
0.122. As should be understood, in various embodiments, 
one or two data points from the traveled segment data may 
be sufficient to determine the heading of the vehicle as it 
traveled along the defined street segment. Thus, in various 
embodiments, it may not be necessary to identify the seg 
ment starting and ending points, to determine all of the data 
points associated with a traveled segment, and/or store the 
segment starting and ending points or all of the traveled 
segment data to the Street segment data. In some embodi 
ments, only one data point associated with a traveled seg 
ment is identified and/or stored to the street segment data. In 
other embodiments, two or more data points associated with 
the traveled segment are identified and/or stored to the street 
segment data. In some embodiments, all of the data points 
associated with the traveled segment are identified and/or 
stored to the street segment data set. Returning to FIG. 6, at 
step 2014, the segment identification module 2000 stores the 
traveled heading in association with the traveled segment in 
the Street segment data set. 
0123. According to various embodiments, the segment 
identification module 2000 may also be further configured to 
execute additional steps to meet the preferences of a par 
ticular user. For example, as noted above, the data source 
entity (e.g., telematics device 102, user computing entity, 
and/or the like) may be configured to detect when the vehicle 
100 has entered or exited a particular geographic area, Such 
as a geo-fenced area Surrounding a shipping hub. Accord 
ingly, in one embodiment, the segment identification module 
2000 is further configured to review operational data and 
identify data indicating instances in which the vehicle 100 
has entered or departed a predefined geographical area. As 
a result, the segment identification module 2000 may be 
configured to analyze street segments traveled within a 
geo-fenced area or outside of a geo-fenced area separately. 
For example, in certain embodiments a user may want to 
assess only traveled segments occurring within a particular 
geo-fenced delivery area (e.g., a residential neighborhood), 
which the segment identification module 2000 may be 
configured to accomplish. 
0.124. As a result of the foregoing steps, the segment 
identification module 2000 is able to populate the street 
segment data set with data records each corresponding to an 
identified traveled segment. For example, in one embodi 
ment, each traveled segment data record comprises a trav 
eled heading, a defined segment identifier, a segment starting 
point, a segment ending point, a traveled segment location 
(e.g., GPS coordinates), a traveled segment time, a traveled 
segment duration, a traveled segment driver, a traveled 
segment vehicle ID, a traveled segment route ID, and a 
traveled segment hub location (e.g., the shipping hub from 
which the vehicle associated with the traveled segment 
departed). 
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User Interface 

0.125. As described above, the central server 120 may be 
configured for evaluating operational data (e.g., telematics 
data and contextual data) for a fleet of vehicles in order to 
assess various fleet efficiencies and aid fleet management 
system 5 users in improving the operational efficiency of the 
fleet. According to various embodiments, the central server's 
120 evaluation of operational data is conducted in accor 
dance with user instructions received via the central server's 
user interface. In various embodiments, the user interface is 
a graphical user interface accessible from a remote device? 
entity (e.g., in communication with the central server 120 via 
the network 130), or by using the central server's display 
device/input device 64. For example, in various embodi 
ments, a user may log in to the fleet management system 5 
from a remote device/entity (e.g., by opening a log-in page 
and entering a user id and password using a device/entity 
display and keyboard). The central server 120 may be 
configured to recognize any such log-in request, Verify that 
user has permission to access the system (e.g., by confirming 
the user id and password are valid), and present/provide the 
user with a user interface (e.g., displayed on the device? 
entity's monitor). 
0126 FIG. 9 illustrates a start-up user interface 800 
according to one embodiment. In the illustrated embodi 
ment, the start-up user interface 800 includes an interactive 
geographical map display 810, a location menu 811, a date 
selection field 812, a route selection menu 813, a driver 
selection menu 814, a vehicle selection menu 815, a sum 
mary report button 836, an individual segment analysis 
button 834, a regional analysis button 832, a one-way 
segment analysis 830, and a run analysis button 819. 
0127. According to various embodiments, the map and 
menus 810-815 allow a system user to specify various 
operational data (e.g., telematics data, user computing entity 
data, contextual data, and/or the like) attributes in order to 
select certain traveled segment data for evaluation by the 
central server 120. In various embodiments, any combina 
tion of selections made from the map and menus 810-815 
will dictate the traveled segment data loaded and analyzed 
by the central server 120. For example, in one embodiment, 
the user may request evaluation of only traveled segment 
data relating to a particular vehicle route by selecting a route 
from the route selection menu 813. Likewise, the user may 
request evaluation of only traveled segment data relating to 
a particular vehicle by selecting a vehicle ID from the 
vehicle selection menu 815 and may request evaluation of 
only traveled segment data relating to vehicles operated by 
a particular driver by selecting a driver from the driver 
selection menu 814. As an example, where both a route and 
vehicle have been selected, the central server 120 would 
load only traveled segment data relating to the selected 
vehicle while traveling along the selected route. 
0128. Furthermore, a user may request evaluation only of 
operational data captured on a particular date or range of 
dates by selecting a desired date or date range (as well as 
specific time of day associated with any selected date) using 
the date section field 812. The user also has the option of 
requesting evaluation of operational data for all routes 
Stemming from a particular location (e.g., by selecting only 
one or more shipping hub locations from the location menu 
811), or for all routes at all locations on a particular date 
(e.g., by selecting only a date or date range using the date 
selection field 812). Moreover, a user may request evalua 
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tion of traveled segment data relating to a particular geo 
graphical area by selecting an area on map display 810 (e.g., 
by using a mouse to select a two-dimensional geographical 
area on the map display 810). The map display 810 may also 
include tools for Zooming in on various portions of the 
illustrated route, selecting a specific intersection for further 
analysis, and/or the like. As will be appreciated from the 
description above, the user may request evaluation of all 
operational data or any Subset of operational data defined by 
any combination of parameters provided in the map/menus 
810-815. 

I0129. After selecting operational data to be evaluated, the 
user may select a particular type of segment analysis to be 
performed by the central server 120. As described in greater 
detail below, in one embodiment, the central server 120 may 
be configured to analyze the user-selected traveled segment 
data to generate a Summary report, an individual segment 
analysis, a regional analysis, and a one-way segment analy 
sis. Each of these analyses may be requested by a user by 
selecting the corresponding one of the analysis type buttons 
830-836 on the start-up interface 800. After the user-selected 
data and analysis type has been defined using the map/ 
menus 810-815 and analysis type buttons 830-836, the user 
may select the run analysis button 819 to trigger the user 
requested analysis by the central server 120. 
0.130. According to various embodiments, the central 
server 120 may be configured to detect a user's selection of 
the various parameters and options presented on the user 
interface 800 and call one or more of the Software modules 
2000-6000 to perform the appropriate data evaluation. FIG. 
10 illustrates exemplary steps executed by the central server 
120 in order to respond to user evaluation requests received 
via the user interface 800. Beginning at step 902, the central 
server 120 monitors the user interface 800 for user input 
(e.g., selection of the various menus and buttons 810-839). 
Next, at step 904, the central server 120 determines whether 
the user has requested an analysis of particular traveled 
segment data (e.g., by selecting the run analysis button 819). 
If the user has not requested that an analysis be performed, 
the central server 120 moves back to step 902, where it 
continues to monitor the user interface 800 for user input. If 
the user has requested that an analysis be performed, the 
central server 120 moves to step 906. 
I0131. At step 906, the central server 120 identifies the 
traveled segment data corresponding to the user's selections 
from the map/menus 810-815 on the user interface. For 
example, in one embodiment, the central server 120 reviews 
the traveled segment data in the Street segment data set and 
identifies the appropriate data based on the contextual data 
in each traveled segment data record. According to various 
embodiments, the central server 120 reviews the traveled 
segment time field to identify segments occurring on a 
particular date/time, the traveled segment location field to 
identify segments within a particular geographic location, 
the traveled segment defined segment identifier to identify 
segments corresponding to a particular defined street seg 
ment, the traveled segment route field to identify segments 
relating to a particular vehicle route, the traveled segment 
driver field to identify segments relating to a particular 
driver, and the traveled segment vehicle field to identify 
segments relating to a particular vehicle. In certain embodi 
ments, where the user selects the individual segment analy 
sis button 834, the central server 120 may be configured to 
prompt the user to select a defined street segment (or to 
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define a new defined street segment) from the map display 
810 (or by entering a textual description of the street 
segment) and retrieve traveled segment data corresponding 
to that particular location (e.g., based on the location field in 
the traveled segment data records). After identifying the 
traveled segment data corresponding to the user's request, 
the central server 120 loads the identified traveled segment 
database for analysis by one or more of the modules 3000 
6000 (e.g., by retrieving the data from the street segment 
data set in the central server database and loading it in the 
central server's memory). 
(0132) Next, at step 908, the central server 120 executes 
the analysis module corresponding to the user's selection on 
the user interface 800. For example, if the user selects the 
individual segment analysis button 834, the central server 
120 will execute the individual segment analysis module 
3000. If the user selects the one-way segment analysis 
button 830, the central server 120 will execute the one-way 
segment analysis module 4000. If the user selects the 
regional analysis button 832, the central server 120 will 
execute the regional analysis module 5000. And if the user 
selects the summary report button 836, the central server 120 
will execute the summary report module 6000. A detailed 
description of the functionality and steps executed by each 
of the modules 3000-6000 now follows. 

Individual Segment Analysis 

0.133 According to various embodiments, the individual 
segment analysis module 3000 may be configured to analyze 
traveled segment data relating to a particular user-selected 
defined Street segment and determine the accuracy of map 
data associated with the defined segment. For example, FIG. 
11 illustrates exemplary steps executed by the individual 
segment analysis module 3000 in order to analyze traveled 
segments in the loaded data corresponding to the user 
selected segment 3100 and provide an interactive display of 
information for the related defined street segment to a user. 
Beginning at step 3002, the individual segment analysis 
module 3000 displays an individual segment analysis user 
interface. FIG. 12 shows an individual segment analysis user 
interface 807 according to one embodiment. As shown in 
FIG. 12, the individual segment analysis user interface 807 
includes a map display 810, a textual description of the 
user-selected segment 844, analysis buttons 830-836 (e.g., 
the same as those provided on the start-up user interface 
800), a data table 850, a update map data button 855, and a 
return to data selection button 865. 

0134. As discussed above in relation to step 906 executed 
by the central server 120 in FIG. 10, where the user selects 
the individual segment analysis button 834, the central 
server 120 may be configured to prompt the user to select a 
defined street segment from the map display 810 (or by 
entering a textual description of the defined Street segment) 
and retrieve traveled segment data corresponding to that 
street segment. For example, the individual segment analysis 
module 3000 may load one or more traveled segments 
associated with the segment identifier corresponding to the 
user-selected segment. Accordingly, at Step 3004, the indi 
vidual segment analysis module 3000 next analyzes the 
loaded traveled segment data relating to the user-selected 
segment to determine the traveled direction. For example, 
the individual segment analysis module 3000 may determine 
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that the defined street segment is a one-way segment or a 
bi-directional segment based on the loaded traveled segment 
data. 

0.135 FIG. 13 illustrates an example process used to 
determine the traveled direction in one embodiment. At step 
3502, a first traveled heading associated with a first traveled 
segment is identified. For example, as noted above, each 
traveled segment record may have a traveled heading stored 
in association therewith. At step 3504, a second traveled 
heading associated with a second traveled segment is iden 
tified. Next, at step 3506, the first traveled heading and the 
second traveled heading are compared to determine if the 
second traveled heading is approximately equal to the first 
traveled heading. For example, if the first traveled heading 
is north and the second traveled heading is also north, the 
individual segment analysis module 3000 will determine 
that the second traveled heading is approximately equal to 
the first traveled heading. In another example, if the first 
traveled heading is north and the second traveled heading is 
northeast, the individual segment analysis module 3000 will 
determine that the second traveled heading is approximately 
equal to the first traveled heading. In yet another example, 
if the first traveled heading is north and the second traveled 
heading is south or Southeast, the individual analysis module 
3000 will determine that the second traveled heading is not 
approximately equal to the first traveled heading. In still 
another example, if the first traveled heading is 0°, the 
individual analysis module 3000 will determine that the 
second traveled heading is approximately equal to the first 
traveled heading if the second traveled heading is within a 
predetermined range of the first traveled heading (e.g., 
within 10°, 30°, 60°, or 90° of the first traveled heading) and 
the individual analysis module 3000 will determine that the 
second traveled heading is not approximately equal to the 
first traveled heading if the second traveled heading is not 
within a predetermined range of the first traveled heading 
(e.g., not within 10°, 30°, 60°, or 90° of the first traveled 
heading). 
0.136. If, at step 3506, the individual segment analysis 
module 3000 determines that the second traveled heading is 
not approximately equal to the first traveled heading, then 
the individual segment analysis module 3000 will determine 
that the user-selected segment is a bi-directional segment. If 
at step 3506, the individual segment analysis module 3000 
determines that the second traveled heading is approxi 
mately equal to the first traveled heading, then it is deter 
mined, at step 3508, if the first traveled heading has been 
compared to the traveled heading for each of the loaded 
travel segments. If the first traveled heading has been 
compared to the travel heading for each of the loaded travel 
segments, then the segment is a one-way segment. If the first 
traveled heading has not yet been compared to the traveled 
heading for each of the loaded traveled segments, then the 
individual segment analysis module 3000 returns to step 
3504 and selects another second traveled heading associated 
with another second traveled segment. It should be under 
stood that a variety of methods may be used to determine the 
traveled direction based on the loaded traveled segment data. 
I0137 Returning to FIG. 11, at step 3006, the map data 
associated with the user-selected segment being analyzed is 
loaded. The map data comprises an indication of the map 
direction (e.g., whether the user-selected segment is a one 
way segment or a bi-directional segment). For example, the 
map data may indicate the direction(s) vehicles may travel 
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along the segment, may have a one-way segment flag 
associated therewith, and/or the like. At step 3008, the 
traveled direction is compared to the map direction. If the 
traveled direction and the map direction agree (e.g., both the 
traveled direction and the map direction indicate the defined 
segment is a one-way segment), the individual segment 
analysis module 3000 determines that the map data is 
accurate. If the traveled direction and the map direction 
disagree (e.g., the traveled direction indicates the defined 
segment is a bi-directional segment and the map direction 
indicates the defined segment is a one-way segment), the 
individual segment analysis module 3000 determines that 
the map data is inaccurate and may flag the map data and/or 
user-selected segment for further analysis and/or review. 
0138 Next, at step 3010, the individual segment analysis 
module 3000 displays the results of the analysis of the 
user-selected segment and the corresponding traveled seg 
ments. As shown in FIG. 12, the user-selected segment 3100 
may be shown on the map display 810. The parameters used 
to define the user-selected segment 3100 may also be 
illustrated on the map display 810. For example, geo-fence 
3110, used to define the user-selected segment 3100, is 
shown on the map display 810, in FIG. 12. The individual 
segment analysis module 3000 also displays the calculated 
segment statistics in the data table 850 on the segment 
analysis user interface 807. For example, the data table 850 
shows the traveled direction, a first heading and the number 
of traveled segments having a traveled heading approxi 
mately equal to the first heading, a second heading and the 
number of traveled segments having a traveled heading 
approximately equal to the second heading, the map direc 
tion and an indicator of whether the map data is accurate or 
not. In some embodiments, an indicator of which direction 
(s) a vehicle may travel the user-selected segment according 
to the map data may also be provided. In some embodi 
ments, the user may request to update the map databased on 
the loaded traveled segment data. For example, if the map 
data is not accurate, a user may select the update map data 
button 855 indicating the central server 120 should update 
the map data based on the loaded traveled segment data. 
0.139. As will be appreciated from the foregoing descrip 

tion, the individual segment user interface 807 generated by 
the individual segment analysis module 3000 provides a 
clear display of segment information/data for a user-selected 
segment. Once the individual segment analysis module 3000 
has executed the steps shown FIG. 11, the user may return 
to the start-up interface 800 by selecting the return to data 
selection button 865, or request a different analysis of the 
currently selected data by selecting one of the analysis type 
buttons 830-836. 

0140. As noted above, a user may select the update map 
data button 855. In various embodiments, upon receipt of 
input indicating user selection of the update map data button 
855, the map data may be automatically updated based on 
the traveled segment data. For example, if the map data 
indicates that a segment is a one-way segment, but the 
traveled segment data indicates the segment is a bi-direc 
tional segment, the central server 120 may automatically 
updated the map data associated with the segment upon 
receipt of input indicating user selection of the update map 
data button 855. In another embodiment, upon selection of 
the update map data button 855, a satellite or aerial image of 
the segment or a portion of the segment may be identified 
and displayed to the user. The user may then determine and 
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provide input regarding whether the map data for the seg 
ment should be updated. For example, the central server 120 
may identify and cause display of a satellite or aerial image 
(e.g., via the user interface). The central server 120 may then 
receive user input (e.g., via the user interface) indicating the 
user would like to update the map data or not update the map 
data. If the user input received (e.g., via the user interface) 
indicates the user would like to update the map data, the map 
data is updated accordingly. In yet another embodiment, the 
map data may be automatically updated based on the trav 
eled segment data without the user selecting the update map 
data button 855. 

One-Way Segments 

0.141. According to various embodiments, the one-way 
segment module 4000 may be configured to identify one 
way segments in the map data for a user-selected geographi 
cal region, a user-selected time range, or other user-selected 
data set, and analyze traveled segment data associated with 
the identified one-way segments to determine if the map data 
is accurate. For example, FIG. 14 illustrates exemplary steps 
executed by the one-way segment module 4000 in order to 
determine the accuracy of map data and provide a user with 
an analysis thereof. Beginning at step 4002, the one-way 
segment module 4000 displays a one-way segment user 
interface. FIG. 15 shows a one-way segment user interface 
803 according to one embodiment. As shown in FIG. 15, the 
one-way segment user interface 803 includes a map display 
810, analysis buttons 830-836 (e.g., the same as those 
provided on the start-up user interface 800), a data table 850, 
an analysis summary 852, a segment selector 853, an update 
map data button 855, a segment type filter menu 862, a filter 
by map button 863, and a return to data selection button 865. 
0.142 Next, at step 4004, the one-way segment analysis 
module 4000 identifies one-way segments located within the 
user-selected geographical region. For example, the one 
way segment analysis module 4000 accesses the map data 
associated with the user-selected geographical region and, 
based on the map data, identifies one-way segments located 
therein. For example, the map data associated with a defined 
street segment may comprise one or more directions that a 
vehicle may travel along the defined Street segment, a flag 
indicating that the defined segment is a one-way segment, 
and/or other indicia of whether the defined street segment is 
a one-way segment or bi-directional segment. 
0143. In various embodiments, the user-selected geo 
graphical region is based on a hub location (e.g., the defined 
street segments traveled by all vehicles operating out of a 
particular hub), a route (e.g., the defined street segments 
traveled by a particular route), a selected region of a map, a 
predefined geographical area (e.g., a particular town/city, a 
Zone or portion of a town/city (e.g., Northeast Atlanta), a 
particular neighborhood), and/or other geographical region. 
0144. At step 4006, the one-way segment module 4000 
loads traveled segment data from the Street segment data set 
for traveled segments corresponding to the identified one 
way segments and in accordance with the user-selected date 
and/or time range. For example, the one-way segment 
module 4000 may load traveled segment data associated 
with a defined segment identifier associated with one of the 
identified one-way segments. At step 4008, the one-way 
segment module 4000 may analyze the loaded traveled 
segment data to determine a traveled direction for each of 
the identified one-way segments. For example, the one-way 
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segment module 4000 may conduct an analysis of the loaded 
traveled segment data for each of the identified one-way 
segments similar to the analysis illustrated in FIG. 13 and 
described above. 
0145 At step 4010, the one-way segment module 4000 
may compare the traveled direction to the map direction for 
each of the identified one-way segments to determine the 
accuracy of the map data. For example, if the traveled 
segment data indicates that a segment that was identified as 
a one-way segment based on the map data is a bi-directional 
segment, the map data may be inaccurate. In some embodi 
ments, the one-way segment module 4000 may further 
identify a map heading for at least one of the identified 
one-way segments based on the map data and indicating a 
direction that a vehicle can travel along the identified 
one-way segment. The traveled heading associated with one 
or more of the traveled segments corresponding to the 
identified one-way segment may be compared to the map 
heading to determine the accuracy of the map data. 
0146 The analysis is displayed at step 4012 via the 
one-way segment user interface 803, as illustrated in FIG. 
15. For example, the one-way segment module 4000 dis 
plays the user-selected geographical region on the map 
display 810 and the identified one-way segments may be 
marked thereon. As noted above, the one-way segment user 
interface 803 may include a segment selector 853 configured 
to allow a user to select one of the identified one-way 
segments. As shown in FIG. 15, the data table 850 may 
display a detailed analysis of the selected one-way segment 
in addition to the analysis summary 852. Additionally, the 
one-way segment module 4000 may cause the selected 
one-way segment to be highlighted on the map display 810. 
0147 As will be appreciated from the foregoing descrip 

tion, the one-way segment user interface 803 generated by 
the one-way segment module 4000 provides a clear display 
of the identified one-way segments for the user-selected 
geographical region and time and/or date range and enables 
the user to quickly view and compare attributes of each of 
these one-way segments and the accuracy of the correspond 
ing map data. Once the one-way segment analysis module 
4000 has executed the steps shown FIG. 14, the user may 
review the analysis for one or more of the identified one-way 
segments, update map data for one or more identified 
one-way segments based on the corresponding traveled 
segment data by selecting the update map data button 855, 
return to the start-up interface 800 by selecting the return to 
data selection button 865, or request a different analysis of 
the currently selected data by selecting one of the analysis 
type buttons 830-836. 

Regional Analysis 

0148. According to various embodiments, the regional 
analysis module 5000 may be configured to analyze user 
selected traveled segment data corresponding to defined 
segments located within a user-selected geographical region 
and determine the accuracy of map data associated with the 
defined segments based on the traveled segment data. For 
example, FIG. 16 illustrates exemplary steps executed by the 
regional analysis module 5000 in order to analyze traveled 
segments in the loaded data and provide an interactive 
display of traveled segment statistics to a user. Beginning at 
step 5002, the regional analysis module 5000 displays a 
regional analysis user interface. FIG. 17 shows a regional 
analysis user interface 805 according to one embodiment. As 
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shown in FIG. 17, the regional analysis user interface 805 
includes a map display 810, analysis buttons 830-836 (e.g., 
the same as those provided on the start-up user interface 
800), a data table 850, current data indicators 840, an 
analysis summary 852, a segment selector 853, an update 
map data button 855, a segment type filter menu 862, a filter 
by map button 863, and a return to data selection button 865. 
0149 Next, at step 5004, the regional analysis module 
5000 identifies the defined street segments located within the 
user-selected geographical area. In various embodiments, 
the user may select the geographical region based on a hub 
location (e.g., the defined street segments traveled by all 
vehicles operating out of a particular hub), a route (e.g., the 
defined street segments traveled by a particular route), a 
selected region of a map, a predefined geographical area 
(e.g., a particular town/city, a Zone or portion of a town/city 
(e.g., Northeast Atlanta), a particular neighborhood), and/or 
other geographical region. The map data for the user 
selected geographical region may be accessed and used to 
identify the defined street segments located within the 
user-selected geographical area. 
0150. At step 5006, the traveled segment data corre 
sponding to the identified segments is loaded. The regional 
analysis module 5000 analyzes the loaded traveled segment 
data to determine a traveled direction for each identified 
segment at step 5008. For example, the regional analysis 
module 5000 may conduct an analysis similar to that 
described above and illustrated in FIG. 13. At step 5010, the 
regional analysis module 5000 compares the traveled direc 
tion to a map direction indicated by the identified segment 
map data for each identified segment, to determine the 
accuracy of the map data. 
0151. The analysis is provided to the user and a map 
representation of the identified segments is generated and 
displayed to the user at step 5012. For example, if the 
selected geographical region is a particular route, the 
regional analysis module 5000 generates a graphical repre 
sentation of the travel path 2100 of the vehicle associated 
with user-selected data on the map display 810. In one 
embodiment, the regional analysis module 5000 accom 
plishes this by plotting each individual location data point in 
the loaded operational data (e.g., the loaded traveled seg 
ment data) on the map display 810 and then connecting the 
plotted location points in chronological order based on the 
retrieved time data with lines displayed over the base map. 
In various embodiments the travel path(s) generated by the 
regional analysis module 5000 may each comprise colored 
line(s) having a thickness greater than that of roads shown 
in the base map and which include arrows disposed along the 
travel path(s) to indicate the direction of the vehicle's 100 
travel. If the user-selected geographical region is a set of 
routes, a vehicle travel path for each route may be generated 
and displayed on the map display 810. 
0152 The user may view information/data corresponding 
to a particular identified segment by selecting the particular 
identified segment using the segment selector 853. In vari 
ous embodiments, the map display 810 may highlight the 
selected identified segment on the map, may automatically 
Zoom in on the selected identified segment, and/or the like. 
For example, the regional analysis module 5000 may high 
light the selected segment 2200 as illustrated in FIG. 17. The 
data table 850 may be updated to display information/data 
associated with the identified segment selected via the 
segment selector 853. 
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0153. As will be appreciated from the foregoing descrip 
tion, the regional analysis user interface 805 generated by 
the regional analysis module 5000 provides a clear display 
of segment information/data for defined street segments 
located within a user-selected geographical area. Once the 
regional analysis module 5000 has executed the steps shown 
FIG. 16, the user may return to the start-up interface 800 by 
selecting the return to data selection button 865, or request 
a different analysis of the currently selected data by selecting 
one of the analysis type buttons 830-836. 

Summary Reports 

0154 According to various embodiments, the summary 
report module 6000 may be configured to analyze the 
user-selected traveled segment data and provide an overall 
Summary of the defined street segments associated with the 
user-selected data. For example, FIG. 18 illustrates exem 
plary steps executed by the summary report module 6000 in 
order to provide an interactive display of segment statistics 
to a user. Beginning at Step 6002, the Summary report 
module 6000 displays a summary report user interface. FIG. 
19 shows a summary report user interface 802 according to 
one embodiment. As shown in FIG. 19, the summary report 
user interface 802 includes a map display 810, analysis 
buttons 830-836 (e.g., the same as those provided on the 
start-up user interface 800), a data table 850, a segment type 
filter menu 862, a filter by map button 863, current data 
indicators 840, and a return to data selection button 865. 
O155 Next, at step 6004, the summary report module 
6000 analyzes the traveled segment data loaded by the 
central server 120 and calculates a plurality of segment 
statistics based on the loaded traveled segment data. For 
example, in one embodiment the Summary report module 
6000 may be configured to calculate the following statistics: 
(i) the total number of defined segments corresponding to 
traveled segments in the loaded traveled segment data; (ii) 
the number of one-way segments traveled as indicated by 
the traveled segment data; (iii) the number of bi-directional 
segments traveled as indicated by the traveled segment data; 
(iv) map data accuracy for traveled one-way segments (e.g., 
the percentage of traveled segments that the map data 
indicates are one-way segments that the traveled segment 
data indicates are one-way segments); (v) the map data 
accuracy for traveled bi-directional segments (e.g., the per 
centage of traveled segments that the map data indicates are 
bi-directional segments that the traveled segment data indi 
cates are bi-directional segments); and (vi) the combined 
map data accuracy for one-way and bi-direction segments 
traveled (e.g., the percentage of all segments traveled for 
which the map data and the traveled segment data agree). In 
various embodiments, the summary report module 6000 
may use a process similar to that illustrated in FIG. 13 and 
described above when calculating one or more of the Sum 
mary statistics. As will be appreciated from the description 
herein, the summary report module 6000 may be configured 
to execute these calculations based on the relevant fields in 
each traveled segment data record contained in the loaded 
traveled segment data. Additionally, according to various 
other embodiments, the summary report module 6000 may 
be configured to calculate any additional relevant statistics 
based on the loaded traveled segment data. 
0156 Next, at step 6006, the summary report module 
6000 displays the calculated segment statistics in the data 
table 850 on the summary report user interface 802. In 
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addition, the current data indicators 840 show the route, 
driver, and/or vehicle associated with the currently analyzed 
user-selected data. As shown in FIG. 19, the segment 
statistics displayed in the data table 850 can be recalculated 
based on filtered data using the segment type filter menu 
862, and the filter by map button 863. For example, in 
response to user input received via the segment type filter 
menu 862, the summary report module 6000 will recalculate 
the segment statistics for only traveled segments having a 
type matching one or more types specified by the user. For 
example, the segment type may indicate whether the seg 
ment is a delivery segment, in which a delivery or pickup 
occurred, a travel segment, which was traveled to get to a 
delivery segment, located in particular part of the region 
(e.g., downtown, midtown, and/or the like), or some other 
segment classification. Additionally, in response to selection 
of the filter by map button 863, the summary report module 
6000 enables a user to select a geographical area in the map 
display 810 and will then recalculate the segment statistics 
based only on traveled segments occurring within the user 
defined map area. 
0157. If the user-selected data is defined by one or more 
routes (e.g., a Summary report of a particular route or set of 
routes), at step 6008, the summary report module 6000 
generates and displays the vehicle path(s) 2100, as described 
above, on the map display 810. Thus, the summary report 
module 6000 also plots the travel path (or paths) 2100 of the 
vehicle (or vehicles) associated with the user-selected trav 
eled segments on the map display 810. 
0158. As will be appreciated from the foregoing descrip 
tion, the summary report user interface 802 generated by the 
summary report module 6000 provides a clear display of 
segment statistics for the user-selected data and enables the 
user to quickly assess the overall map data accuracy for 
defined street segments based on traveled segment data for 
traveled segments associated with particular routes, drivers, 
vehicles, hubs, geographical regions, or the like associated 
with the analyzed data. Once the summary report module 
6000 has executed the steps shown FIG. 18, the user may 
return to the start-up interface 800 by selecting the return to 
data selection button 865, or request a different analysis of 
the currently selected data by selecting one of the analysis 
type buttons 830-836. 

CONCLUSION 

0159. Many modifications and other embodiments of the 
inventions set forth herein will come to mind to one skilled 
in the art to which these inventions pertain having the benefit 
of the teachings presented in the foregoing descriptions and 
the associated drawings. Therefore, it is to be understood 
that the inventions are 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 purposes of limitation 

1. A method for validating map data associated with a 
street segment, the method comprising: 

receiving vehicle telematics data indicative of a travel 
path of a vehicle on a street segment during one or more 
time periods; 

based at least in part on the vehicle telematics data, 
determining a street segment direction for the street 
segment, the determined street segment direction indi 
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cating whether the street segment is a one-way street 
segment or a bidirectional Street segment; 

identifying map data associated with the street segment, 
wherein the map data comprises Street segment direc 
tion data indicating whether the street segment is a 
one-way street segment or a bidirectional Street seg 
ment; and 

comparing the street segment direction data of the map 
data and the determined Street segment direction. 

2. The method of claim 1, wherein determining a street 
segment direction for the Street segment comprises deter 
mining a heading associated with the travel path of the 
vehicle based at least in part on the vehicle telematics data. 

3. The method of claim 1, wherein the street segment is 
a one-way Street segment. 

4. The method of claim 3 further comprising: 
determining whether the Street segment direction data of 

the map data indicates that the Street segment is a 
one-way Street segment; 

responsive to determining that the street segment direc 
tion data of the map data indicates that the street 
segment is not a one-way street segment, associating a 
flag with the map data indicating that the map data may 
be inaccurate. 

5. The method of claim 1, wherein the street segment is 
a bidirectional Street segment. 

6. The method of claim 3 further comprising: 
determining whether the street segment direction data of 

the map data indicates that the Street segment is a 
bidirectional street segment; 

responsive to determining that the street segment direc 
tion data of the map data indicates that the street 
segment is not a bidirectional Street segment, associat 
ing a flag with the map data indicating that the map data 
may be inaccurate. 

7. The method of claim 1 further comprising: 
determining a first heading associated with the vehicle 

telematics data, wherein the first heading indicates that 
the vehicle traveled along the Street segment in a first 
direction; 

determining a second heading associated with the vehicle 
telematics data, wherein the second heading indicates 
that the vehicle traveled along the Street segment in a 
second direction; 

determining whether the first direction and the second 
direction are substantially different directions; and 

responsive to determining that the first direction and the 
second direction are substantially different directions, 
indicating that the Street segment is a bi-directional 
Segment. 

8. The method of claim 1 further comprising: 
determining a first heading associated with the vehicle 

telematics data, wherein the first heading indicates that 
the vehicle traveled along the Street segment in a first 
direction; 

determining a second heading associated with the vehicle 
telematics data, wherein the second heading indicates 
that the vehicle traveled along the Street segment in a 
second direction; 

determining whether the first direction and the second 
direction are Substantially similar directions; and 
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responsive to determining that the first direction and the 
second direction are Substantially similar directions, 
indicating that the street segment is a one-way street 
Segment. 

9. A computing system comprising at least one processor 
and at least one memory including computer program code, 
the at least one memory and the computer program code 
configured to, with the processor, cause the apparatus to at 
least: 

receive vehicle telematics data indicative of a travel path 
of a vehicle on a street segment during one or more 
time periods; 

based at least in part on the vehicle telematics data, 
determine a street segment direction for the street 
segment, the determined street segment direction indi 
cating whether the street segment is a one-way street 
segment or a bidirectional Street segment; 

identify map data associated with the Street segment, 
wherein the map data comprises Street segment direc 
tion data indicating whether the street segment is a 
one-way street segment or a bidirectional Street seg 
ment; and 

compare the street segment direction data of the map data 
and the determined Street segment direction. 

10. The computing system of claim 9, wherein determin 
ing a street segment direction for the Street segment com 
prises determining a heading associated with the travel path 
of the vehicle based at least in part on the vehicle telematics 
data. 

11. The computing system of claim 9, wherein the street 
segment is a one-way street segment. 

12. The computing system of claim 11 further comprising: 
determine whether the street segment direction data of the 
map data indicates that the Street segment is a one-way 
street segment; 

responsive to determining that the street segment direc 
tion data of the map data indicates that the street 
segment is not a one-way Street segment, associate a 
flag with the map data indicating that the map data may 
be inaccurate. 

13. The computing system of claim 9, wherein the street 
segment is a bidirectional street segment. 

14. The computing system of claim 11 wherein the at least 
one memory and the computer program code are further 
configured to, with the processor, cause the apparatus to at 
least: 

determine whether the street segment direction data of the 
map data indicates that the street segment is a bidirec 
tional Street segment; 

responsive to determining that the street segment direc 
tion data of the map data indicates that the street 
segment is not a bidirectional Street segment, associate 
a flag with the map data indicating that the map data 
may be inaccurate. 

15. The computing system of claim 9 wherein the at least 
one memory and the computer program code are further 
configured to, with the processor, cause the apparatus to at 
least: 

determine a first heading associated with the vehicle 
telematics data, wherein the first heading indicates that 
the vehicle traveled along the Street segment in a first 
direction; 
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determine a second heading associated with the vehicle 
telematics data, wherein the second heading indicates 
that the vehicle traveled along the Street segment in a 
second direction; 

determine whether the first direction and the second 
direction are substantially different directions; and 

responsive to determining that the first direction and the 
second direction are substantially different directions, 
indicate that the Street segment is a bi-directional 
Segment. 

16. The computing system of claim 9 wherein the at least 
one memory and the computer program code are further 
configured to, with the processor, cause the apparatus to at 
least: 

determine a first heading associated with the vehicle 
telematics data, wherein the first heading indicates that 
the vehicle traveled along the Street segment in a first 
direction; 

determine a second heading associated with the vehicle 
telematics data, wherein the second heading indicates 
that the vehicle traveled along the Street segment in a 
second direction; 

determine whether the first direction and the second 
direction are Substantially similar directions; and 

responsive to determining that the first direction and the 
second direction are substantially similar directions, 
indicate that the Street segment is a one-way street 
Segment. 

17. A computer program product comprising at least one 
non-transitory computer-readable storage medium having 
computer-readable program code portions stored therein, the 
computer-readable program code portions comprising: 

an executable portion configured to receive vehicle tele 
matics data indicative of a travel path of a vehicle on a 
street segment during one or more time periods; 

an executable portion configured to, based at least in part 
on the vehicle telematics data, determine a street seg 
ment direction for the street segment, the determined 
street segment direction indicating whether the street 
segment is a one-way street segment or a bidirectional 
street segment; 

an executable portion configured to identify map data 
associated with the street segment, wherein the map 
data comprises street segment direction data indicating 
whether the street segment is a one-way street segment 
or a bidirectional Street segment; and 

an executable portion configured to compare the Street 
segment direction data of the map data and the deter 
mined street segment direction. 

18. The computer program product of claim 17, wherein 
determining a street segment direction for the Street segment 
comprises determining a heading associated with the travel 
path of the vehicle based at least in part on the vehicle 
telematics data. 

19. The computer program product of claim 17, wherein 
the Street segment is a one-way street segment. 

20. The computer program product of claim 19 wherein 
the computer-readable program code portions further com 
prise: 
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an executable portion configured to determine whether the 
street segment direction data of the map data indicates 
that the Street segment is a one-way street segment; 

an executable portion configured to responsive to deter 
mining that the street segment direction data of the map 
data indicates that the Street segment is not a one-way 
street segment, associate a flag with the map data 
indicating that the map data may be inaccurate. 

21. The computer program product of claim 17, wherein 
the Street segment is a bidirectional street segment. 

22. The computing system of claim 19 wherein the 
computer-readable program code portions further comprise: 

an executable portion configured to determine whether the 
street segment direction data of the map data indicates 
that the street segment is a bidirectional Street segment; 

an executable portion configured to, responsive to deter 
mining that the street segment direction data of the map 
data indicates that the street segment is not a bidirec 
tional street segment, associate a flag with the map data 
indicating that the map data may be inaccurate. 

23. The computer program product of claim 17 wherein 
the computer-readable program code portions further com 
prise: 

an executable portion configured to determine a first 
heading associated with the vehicle telematics data, 
wherein the first heading indicates that the vehicle 
traveled along the street segment in a first direction; 

an executable portion configured to determine a second 
heading associated with the vehicle telematics data, 
wherein the second heading indicates that the vehicle 
traveled along the Street segment in a second direction; 

an executable portion configured to determine whether the 
first direction and the second direction are substantially 
different directions; and 

an executable portion configured to, responsive to deter 
mining that the first direction and the second direction 
are substantially different directions, indicate that the 
street segment is a bi-directional segment. 

24. The computer program product of claim 17 wherein 
the computer-readable program code portions further com 
prise: 

an executable portion configured to determine a first 
heading associated with the vehicle telematics data, 
wherein the first heading indicates that the vehicle 
traveled along the street segment in a first direction; 

an executable portion configured to determine a second 
heading associated with the vehicle telematics data, 
wherein the second heading indicates that the vehicle 
traveled along the Street segment in a second direction; 

an executable portion configured to determine whether the 
first direction and the second direction are substantially 
similar directions; and 

an executable portion configured to, responsive to deter 
mining that the first direction and the second direction 
are substantially similar directions, indicate that the 
street segment is a one-way street segment. 
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