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NOTICE

This report was prepared by Calmar Telematics in the course of
performing work contract for and sponsored by the New York State
Energy Research and Development Authority the New York State
Department of Transportation, and the United States Department of
Transportation:  Federal Highway Administration (hereafter the
“Sponsors”). The opinions expressed in this report do not necessarily
reflect those of the Sponsors or the State of New York, and reference to
any specific product, service, process, or method does not constitute an
tmplied or expressed recommendation or endorsement of it. Further, the
Sponsors and the State of New York make no warranties or
representations, expressed or implied, as to the fitness for particular
purpose or merchantability of any product, apparatus, or service or the
usefulness, completeness, or accuracy of any processes, methods, or other
information contained, described, disclosed, or referred to in this report.
The Sponsors, the State of New York, and the contractor make no
representation that the use of any product, apparatus, process, method, or
other information will not infringe privately owned rights and will assume
no liability for any loss, injury, or damage resulting from, or occurring in
connection with, the use of information contained, described, disclosed, or
referred to in this report.



ABSTRACT

A study was undertaken to determine the statistics and economics associated with the use
of the passive monitoring of commercial vehicle telematics systems as a source of
highway traffic data. Relationships were established with a group of private sector
commercial trucking firms and the New York State Motor Truck Associations. Systems
were devised for extracting data from vehicle messaging systems while honoring the
privacy and security concerns of the commercial carriers. A database of traffic activity
was constructed, a stream of current traffic data conditions was fed to a publicly
accessible web site and a stream of current traffic data conditions was made available to
state engineers. It was determined that through establishing a close partnership with the
local trucking industry it was possible to provide traffic monitoring on the major roads of
New York State at a cost significantly below the cost of installing hard sensor systems.
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SUMMARY

Calmar Telematics has completed the first year of a three year effort to build a highway
information system, known as HIVIS, based upon the data mining of the millions of
messages that are passed between commercial vehicles and their dispatchers each day.
The first year of this project has been focused on the establishment of supply chain
structures, the statistical and economic realities of this data source and the business model
considerations that must be taken into account in constructing a highway information
system around passive probe data.

This final report covers the work laid out in the proposal to NYSERDA as PhaselA and
Phase 1B. The primary tasks of establishing the flow of data from active fleets into a
prototype database, performing highway speed and traffic volume analysis, and analyzing
the necessary fleet size and the resulting economics of collecting data have all been
accomplished. Progress which moves the program ahead of schedule has been made in
the area of user interfaces and the development of advanced statistics.

Overall, at the conclusion of Phase I, the project is ahead of schedule and on budget.
With the capability to model the traffic flow on the Interstates in New York established
and with a variety of clients requesting data to support 2008 projects, Calmar can assert
that the further NYSERDA goals of executing a commercialization plan are well
underway.

Accomplishments of Phase I Include:

= Fleet to HIVIS software completed and in service,

= Prototype GIS and database system completed.

» Security measures approved by NYSMTA and are in place.

= Fleets have joined and data is flowing through the process at a rate in excess
of 100,000 points per day.

» Costs of acquiring data have been established.

= The second generation of GIS methods and databasing systems have been
built

* The New York State base-map has been geometrically redefined to be
applicable for probe data.

= The base highway traffic statistics are being generated and a road-segment
database is being populated.

» Basic traffic statistics are being delivered to participating fleets via the
MyHIVIS web site.

= The sample size necessary for traffic information has been established.



1.0 DISCUSSION .

Calmar Telematics has entered into a two phase program with the New York State
Energy Research and Development Authority (NYSERDA) and the New York State
Department of Transportation (NYSDOT) to assess the issues associated with using
commercial vehicles as probes to measure the status of traffic on the highways. The
resulting Highway Visibility System (HIVIS) is actively producing traffic speed data
along the Interstate 90 and 87 corridors in New York State.

The first phase of this program has been focused on the study of the statistics and
economics associated with the use of the passive monitoring of commercial vehicle
telematics systems as a source of traffic data. This program has included an extensive
effort is to establish the data retrieval mechanism and relationships of a data supply
chain. To this end, relationships have been developed between Calmar Telematics, the
commercial fleet operators, and the New York State Motor Truck Associations. The
relationships with these ‘Pioneer Fleets” are fostered through continuous communication
and feedback providing a basis for the establishment of the economics of accessing data.

The second phase of the program will increase the scope of the effort from a regional to a
national program incorporating a bigger segment of the industry. The technical aspects
of the second phase are focused around the integration of the resulting data stream into a
series of interfaces for use by a variety of stakeholders in the process. Tools for
accessing the data for standardized analysis and for special research needs will be
formalized and data streams established in Phase 1 will be directed to specific traffic data
interfaces.

Specifically, Phase IT will see the construction of a web based user interface which
merges the primary Calmar Telematics traffic speed data feed with a number of
secondary feeds from other commercial sources and state sensors to provide a
comprehensive view of the traffic conditions feeding the Champlain Border crossing
region. Later in this second phase Calmar’s unique knowledge of the commercial vehicle
messaging industry will leverage the same data resources to support the NYSDOT efforts
to build an Intelligent Transportation System on the Tappan Zee Corridor.



Security Measures and the Fleet to HIVIS Software

By its very nature passive probe data is generated by entities that are not primarily, or
even secondarily, interested in the generation of this data, which demands that the act of
collecting this data not interfere with the primary activities of the parties that are
generating the data. In most cases this means that no additional risk can be incurred
through this activity, Therefore, privacy must be a primary concem of the organization
that is acquiring the data. In the case of data that is generated through the telematics
systems of commercial vehicles the demand for privacy is written in bold.

While not all commercial fleets profess an extreme concern for privacy, for many it is
such an important issue that no level of security, even measures far beyond their own in-
house security, will convince them to release data. Calmar has gone to great lengths to
provide multiple layers of encryption and data protection to honor these concerns as they
are quite important.

Calmar began its traffic data ventures from within the trucking industry. Early
conceptual discussions on an industry based solution to traffic data began with the
American Trucking Association (ATA). When it became time to start acquiring data,
Calmar focused again on the local level and went to the New York State Motor Truck
Associations (NYSMTA) to be certain that the company’s purpose and methods aligned
with the best interest of the industry. The NYSMTA has taken on the role of “agent and
auditor” of Calmar’s processes, thoroughly testing the software which is used for primary
encryption and data exchange. Furthermore, they have continual access to Calmar’s
servers and staff in order to regularly monitor the multiple security measures. The letter
from NYSMTA announcing the pilot program is included in Figure 1.

Through the rest of 2007 Calmar expects to win endorsements from key motor truck
associations (MTA’s) and the ATA as efforts move from New York to the rest of the
country. These relationships are not just a strategy for Calmar it is part of our identity.
From the first step to the last, this operation must be an industry effort. That is the level
of concern that must be brought to the issue of data privacy.

Calmar Telematics has gone to great lengths to develop multiple layers of security and
identity scrubbing to keep this information anonymous. The first step comes by
establishing a “data push’ from within the fleet’s firewall. A small Windows application
is installed on the fleet’s database server which the fleet IT staff sets up to pass chosen
fields out to Calmar’s servers at regular (1 minute) intervals. This software has been
tested by the IT staff of the NYSMTA in the future months the fleets will actually
download this polling application from the NYSMTA web site. This HIVIS pushing
application can be terminated at any time by the operator. Encrypting the name and
latitude of the vehicle before it is sent to Calmar Telematics Services creates a second
layer of protection. The third and final protection layer scrubs vehicle identities from the
records and transfers the records to a separate database, and the original records are
wiped from the Telematics Services database. A system flow diagram is given in Figure
2



Dear Member:

The Mew York Staie Motor Trock Asscoialion INYSMTA) is pariering with Calenar
Tedematics to dovelop a pregram to help the eficieney and procuctieity of vour flaet. Tn addition, dis
same programn will belp zovernment make imps nant devisions tegarding cur state infrastrucuire.,

The program, exlled HIVES (Highway Visbility Svetem), uses mformation that is collected
vin ea-board satellite systems. This infonmation is weed to gererate maps that will give you
information on iraffie »:engcstm r, road use and conditiens, speed of travel and more!l The program
wetks by allowing Calrar te view information that 55 alresdy betag collected from vour sa-board
syshems The mfr:mmtla:m is siripped of your eompany identifters and then sent to Calmar, Calmar
will then combine vour data withthe duta of other carners o goaerale a mapping system that shows
whete your trucks are as compared to areas of congestion or bad read onditioms. This will el von
te be pro-achve in determining which way fo mute your drivers. The program sill belp vou avoid
lengthy delays by sreing whew the congestion is before vour drivers zet there.

Loy welditaon, Calaesr bas been contmcted by the sate to provide the nformation to various
gavernmesnt agencies for their use in deternaning »here their offorts and menesy should be
vonventrated to meprosve cur highway system, This program will allow thews 1o see the most heavily
maveled reutes in arder to ke 8 mere 1foomed degiston mrarding consmuction projects, road
improvement and raffic design.

The NYSMTA will be tuking on the mile of anditor to emsure that daza vou provide 1o Calmar
ts indeed sthipped of your company ideniifiers and & secore, W will moniior the flow of information
tor itk sure that data vhat s given to the goverament canmst be tracked back to the sriginating curisr.
We have been given copies of the software program being vsed and will alse have socess ti the
Calenar syswms to verify that all mformation 15 stripped and completely ancaemons, The NYSMTA
will meniter the data Bow from your system, to the Calmar syarerm, and ulimately toothe nationsl

dambase system. Cr primary Funciion as part of this progoom is1e profect the securivy and
ansnemie of cor members,

I you ane cumently Using any tvpe of on-board sate it systern, or miler tracking svstem,
we eneourage vou kgt invelved withthis program. 1t beoosmes more beneficial as more suriers
parti cipse!

For mess mformation so the HIVIS progem of e sef up a meeting with Calooar o disouss
weuy nvislvement plesse contact Bill Modnelly at 31524783097, or eruil bisanebedimirus
W will be bapyy to answer anty questions snd address any conozras vou may have.

apgerely,

William €. Joves, Ir.g

Figure 1: NYSMTA Support Letter



| Figufle' 2: Telematics Data Cyclé.




GIS, Maps, and Roads

In order for telematics information to be useful, each individual record must be identified
with a specific road segment. The process of geo-coding telematics data to road
segments requires a high guality road network. A review of the map systems that are
available either commercially or as public information reveals that accuracy varies from a
few feet of deviation at the centerline to errors that are so large it is impossible to identify
a global positioning system (GPS) location with the proper road.

Early in this first phase of the program Calmar’s subcontractor, The Institute for Applied
Geo-spatial Technologies (IAGT), was tasked to establish methods for geo-coding which
utilized commercial off the shelf software from ESRIL. While this method functioned
adequately they were found to be excessively time consuming and the cost of the
commercial-off-the-shelf (COTS) software was not in proportion to its function. In early
2007 the Calmar team developed its own geo-coding routine that is able to process 150
data points per second.

Over the previous six months Calmar has been actively importing millions of telematics
data points and associating this data with road segments around the North East. Through
this process Calmar Telematics has established a number of metrics to measure the
quality of a road network and has also developed a hybrid road network based on these
metrics. These metrics involve the geometric accuracy and completeness of the road
network as well as the mathematical efficiency of the model. Many of these concems are
unique to the process of using probe vehicles for traffic applications and Calmar was
unable to find any map set that completely met its requirements. In order to build
efficiencies into the technical aspects of Phase I Calmar restructured New York State’s
ALIS network using a combination of program and internal funds. [Appendix A includes
a discussion of road segmentation and the mathematics of road networks and how it
relates to the use of probe data. ]

In general the GPS data from telematics devices has proven itself to have a higher degree
of repeatability, and one presumes accuracy than even the accurate map systems such as
ALIS. The present state of the HIVIS system is such that it can provide lane-specific
speed results where the map systems are defined to the proper degree of accuracy. In the
coming years Calmar wili undertake efforts to define the lane-centers to within a foot of
accuracy.



Database Development

Data received by Calmar goes through a series of servers and processes as is used to
populate both short term and long term data systems. The hardware and software to
receive and store incoming data has been purchased and successfully brought online. A
T1 line currently provides sufficient bandwidth and speed for receiving telematics data as
well as the fleet specific user interface communication requirements of the MyHIVIS
website.

Databases of highway segment statistics are maintained on a minute-by-minute, daily,
and day-of-the-week by month basis, an overall geo-coded data point archive database is
maintained, and soon an intersection behavior database will be populated.

Data is first received by Calmar into a ‘threshold server’ where the data is maintained for
one week for use by the originating vehicle’s owner. Shortly after, each data point is re-
labeled with its vehicle’s week specific, randomly created ID and transferred to the
HIVIS archive database. Thus, a string of reports from a single vehicle has been
maintained but the actual identity has again been encrypted.

The highway statistics are collected for each minute and rolled up into five minute
intervals for reporting to New York State and for sharing with the fleets. This five
minute stream is available to New York State agencies upon request. Since early 2007
Calmar has maintained average speeds and counts on 5 minute intervals for each day-of-
the-week for every month (i.e. 8:00-8:05am for Monday’s in May) for roads in New York
State.

Beginning in July Calmar will start to aggregate intersection statistics in a manner similar
to the road segment statistics.

Establishing backup and secondary servers will be a major part of the second phase
efforts, as well as communicating and maintaining a live feed service.



Data Latency

One of the primary concerns frequently associated with the use of vehicle probes as a
source of traffic data is the very timeliness or ‘latency’ of the data system. Calmar has
found that by working closely with the fleets themselves data latency can be reduced to
very acceptable levels,

There are two forms of reporting systems commonly used in telematics units: real-time,
which transmits data immediately upon creation, and store-and-forward, which
periodically transmits bulk data dumps. Real-time units have remote communications via
cellular or satellite carriers. These units are programmed to send location and vehicle
state information at regular intervals and at the occurrence of specified events such as
stopping. Alternatively, units that are referred to as store-and-forward are programmed to
store multiple location and state data points to be transferred in larger blocks information
at once.

While the real-time telematics systems are directly applicable to the production of traffic
information, generally, only the last point or two from store and forward systems have
any value in the production of real-time traffic information. It is worth noting that the
typically more detailed route information that is generated by store-and-forward systems
is highly valuable in route and commerce flow studies..

A latency test for this real-time data was performed on June ISﬂ’, 2007, calculating the
time difference from a record’s creation to its insertion into the HIVIS database. The
results for this test demonstrated that the average latency is usually less than 2 minutes.
A distribution of data latency is shown in Figure 3.
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Mean Segment Traffic Speed

There are a couple of unique concerns with calculating mean segment speeds using
telematics data each of these is associated with the source of data, the probes, moving
about the subject road network mmdependently.

The first problem that is noticed lies, once again, in the road segmentation. If the roads
are not segmented in a manner that is appropriate for probe data the results will be
sporadic. For instance, the ALIS base-map has many road segments that are less than
100 feet in length, with a statistical data method such as probe tracking the odds of
actually having a data point land on that 100 ft. length of road is very low and the
segmentation become irrelevant.

The less obvious issue in the use of probes for traffic speeds is a bias towards slower
speeds. This arises from the fact that polling isn’t done at specific locations, but rather at
a set time interval or upon the occurrence of specific events. So, instead of one vehicle
passing a single location once and therefore being counted exactly once for that road
segment, each vehicle spends time on each road segment and therefore slower speeds
lead to more records. This affects calculations in two main situations, when traffic speed
changes greatly within the defined time interval, and traffic is really moving at two
separate speeds, like on a multiple lane highway.

To understand the extent of this issue, the mean speed was compared to the median
speed, while ignoring any possible bias, for 15 minute time intervals. Ideally, the median
speed will exactly equal the mean speed, displaying that the 50% mark is also the average
and therefore the bias mentioned above is insignificant. Figure 4 shows that the median
tends to be slightly higher than the mean, with an average difference between the median
and the mean of 0.7mph and a standard deviation of 2.2mph. So, while other methods of
determining a more accurate average segment speed should still be explored, the current
bias does nothing more than make calculated mean segment speeds conservative
estimates.
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Once it was determined that mean segment speeds were not unacceptably biased, their
results could be validated. The New York State Thruway Authority (NYSTA) uses dual
inductance-loop sensors to monitor average speeds and traffic counts. Using this data
around the Albany area from May 1 through May 5", it was found that the Calmar data
has an absolute average error of 5.615 mph and a speed error bias of -4.48 mph. Some of
this deviation undoubtedly reflects the tendency of commercial vehicles to travel slightly
slower than passenger vehicles. The consistency of this error, approximately 5 mph
slower than actual traffic, for the five day period on the segment of eastbound 1-90
between exits 25 and 24 is shown in Figure 5. This sample of data also shows the
important fact that Calmar’s data consistently detected the Albany inbound, morning
rush-hour congestion during the week and the congestion relief on Friday and Saturday,



Average Speed (MPH)

20
T

&0

50

Average Vehicle Speed
New York State Thruway, Exit 25-24 Eastbound
May 1st-5th, 2007

Time

Average Spead{ViPH}
L
[

By

20

1o

Figure 5: Average Vehlcif:Speed Validation

Calmar Telematics, HIVIS Validation Study
Average Vehicle Speed
New York State Thruway, Exit 25-24 Eastbound
May 2nd, 2007

sans BEY ST SENSOY

" s BT

v R o S o S o S v SR o O vor S v O e R o S o SO i S v (e o S o B e s S o B [
mmgmm«gEaaﬁm@qamqomngg@q
L I R I R R i i R R R Y R A N I i B A Bt
L I B e B B B 3 B e B e B o

Thre

* Figureé 'Avei‘"age Vehicle Speed Validation - Wednesdd} Detail




Reliability

The issue of reliability in the field of computing and communications has been the
subject of significant development work and is now at the point of common practice
among thousands of firms. Dual sites, back-up power, secondary communication paths,
and multiple layers of redundancies are all process that are being put into practice at
Calmar Telematics in 2007.

It is also important to know that in the field of traffic data there is another level of detail
that must be considered in the subject of reliability and that is the area of data supply.
Traffic data efforts that have been tied to a single source of data, such as a cellular
provider, or a couple of sources such as a handful of telematics service providers have
had repeated interruptions due to abandonment by the cellular and/or telematics
providers.

Calmar’s approach has been quite different signing agreements directly with a wide
variety of commercial fleets which use a wide variety of communications service
providers. While fleets will certainly come and go, one or two or even dozens of
defections will not shut down the HIVIS system. Furthermore, because the
communications systems of these fleets are varied the failure of one mode will not bring
the system down completely. In fact because some of the fleets are on satellite based
networks even a complete black-out of a region of the country will not take the reporting
down to zero.



Data Availability

If a highway/traffic management organization is to build their operations around any
source of data it is incumbent upon that organization to understand the reliability and the
vulnerability of that data supply. In the case of fixed, infrastructure intensive sensors, it
is important to know the life expectancy, the probability of interrupted operations, and
requirements for installation and maintenance. In the case of passive telematics
observation, however, the infrastructure is spread across thousands of vehicles and any
one or even a dozen failures won’t bring down the system. Instead the primary concern
18 tleet participation and data communication.’

The data that is necessary to operate a traffic monitoring system exists within the trucking
industry and this program has demonstrated that it can be accessed for this use. A
constituency of 10,000 trucks transmitting messages at rates approaching those seen in
this program will produce 3 million reports each day on ACC Class 1-3 roads in New
York. This equates to one report every 10 minutes for every mile of road. This is a fleet
size that is indeed achievable and it remains the responsibility of the aggregator to get a
balanced distribution of vehicle operations and vehicle types. Moreover it is the
responsibility of the aggregator to create a business arrangement which provides the right
combination of risk and cost to compel fleets to participate as well as reward them for
doing so. Calmar Telematics feels that the groundwork laid in Phase 1 of this program is
a strong basis for reaching this level of data flow by mid 2008 and maintaining it well
into the future.



Report Rate and Highway Presence

Through the term of Phase 1 of this project Calmar received data from a variety of
telematics systems with report rates ranging from an hour to less than a minute. The
average report rate during Phase 1 was roughly two minutes, significantly better than the
expected 15 minutes. This gives an even higher data resolution than was originally
expected.

Calmar focused efforts on New York and the Albany region in particular. As a result, the
tleets which participated in this phase exhibited a strong presence on the primary
highways in the region as shown in Table 1.

Highway % of All NY Records
I-90 MA to Albany 2.93%
1-90 Albany to Syracuse 12.92%
I-90 Syracuse to Buffalo 4.12%
I-87 Tappan Zee to Albany 5.34%
[-87 Albany to Canada 8.64%
1-88 Binghamton to Schenectady 1.26%
1-81 Binghamton to Syracuse 1.26%
I-81 Syracuse to Canada 1.04%

Table 1: Interstate Distribution of Data in New York

The combination of fleet size and report rate has resulted in the ability to provide
reasonably complete traffic monitoring in the area of focus, around the Capital District of
Albany. The following figures are reports of 15 minute intervals between 8AM and 9AM
in the month of May 2007.



Figure 7: Albany Area Traffic Speeds 8:00AM - 8:15AM
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Figure 8: Albany Area Traffic Speeds 8:15AM - 8:30AM



Figure 9: Albany Area Traffic Speeds 8:30AM - 8:45AM
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Figure 10: Albany Area Traffic Speeds 8:45AM - 9:00AM
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COST ELEMENTS

Computing costs

The complete cycle of telematics data, as depicted in Figure 2, has been successfully
implemented by Calmar Telematics. The cycle begins with the collection of “raw™
telematics data from a number of fleets and is completed by returning this data back to
the fleet user in an aggregated scrubbed format. Hardware requirements for this cycle are
broken into two groups: fleet hardware and Calmar Telematics hardware. Any fleet that
stores thetr vehicle Telematics data electronically and has access to the World Wide Web
can contribute to the HIVIS project.

Calmar Telematics requires a large reliable broadband connection as well as reliable and
powerful servers so that fleet data can be transmitted and received to and from the
telematics servers. A T1 connection at the Calmar Telematics facility has provided the
needed reliability and speed. The yearly cost of a T1 comnection is around $4,800.
Because the servers are currently housed at the Calmar Telematics facility there are no
additional housing costs for hosting this HIVIS server. If, however, these servers were to
be rented at a commercial facility the average cost can be expected to be around $7,200 a
year which includes a broadband connection.

A single high powered server, residing at Calmar Telematics, has handled the current
load of incoming fleet data, as well as the data dissemination loads for end-users. The
one time purchasing cost of this machine was $9,338 with an additional $1,321 for
software. It is expected that this server can handie around twice the current load of
incoming fleet data. As more fleets participate in the HIVIS project more servers will be
brought online at similar purchasing costs. The system that will eventually handle the
data needs for a nationwide effort consists of approximately 25 servers and significant
associated storage.

System down time can be practically eliminated with redundant servers at a remote site.
The hardware and connection costs for these redundant servers will be similar to the
previously mentioned prices. Because data is not only disseminated but also consumed a
mirrored sight must communicate with the other servers if a complete data set is to be
assembled. A mirrored as well as striped server layout is not a new problem but the size
and the number of records consumed in the HIVIS project will be at an equal or greater
level than existing systems.

The net computing infrastructure cost for a system that can handle a single region such as
New York State is estimated to be $40,000 annually. The computing infrastructure
required to operate on a national level is estimated at $130,000 annually, The associated
labor cost to operate the system on a 24x7 basis is 8 full time employees and associated
management at a total labor cost of $1.3M.



Cost of data

The data costs associated with the passive monitoring of telematics data as a means of
monitoring the traffic flow on major highways have four key factors; 1) the rate at which
the vehicle’s telematics systems report to the dispatcher, 2) the presence of the
participating fleet on the roads of interest, 3) the compensation to the vehicle owner, and
4) the secondary costs of compensation.

The majority of commercial fleets in operation today have built their systems around long
term relationships with key clients establishing a network of depots along carefully
chosen routes. This allows one to pick fleets that focus their operations on roads of
interest. In Phase I Calmar focused on fleets operating in New York and the Northeast in
order to establish a strong presence on Interstates 90, 87, 88, and 81. As Phase I is
launched Calmar is working to bring key east coast fleets into its system in order to build
a presence along I-95 and associated highways.

Calmar has engaged in two years of discussions with a wide variety of members of the
trucking industry including large, medium, and small fleets, several trade associations,
and suppliers of telematics services. The discussion with each entity has been different
and each brings a unique spin on the issue of releasing operational messaging data in
order to achieve purposes that lie outside the primary operations of the companies.

It is essential to understand that at no time is it possible to place a value on the data from
vehicle messaging that even begins to approach the value that operating the vehicle
generates every day. That is to say, the truck generates more than $2.00 for each mile
that it is driven or an average of $20 of revenue in the time that one message is sent. It is
hard to conceive any way in which the traffic value of the data in a message can approach
the significance of the freight revenue. Just the same, every commercial organization is
interested in increasing revenue, provided it comes with no negative impact to the
primary operation of the company.

A significant segment of the trucking industry has demonstrated a willingness to provide
access to their vehicle messaging data provided there is reasonable compensation in both
cash and information and provided that the data aggregator is trusted partner responsive
to the needs of the fleets.

Cash Compensation

Based upon the experiences of the previous two years, Calmar has found that if an
adequately secure environment is assured, a compensation scheme which gives the fleets
an opportunity at a meaningful secondary revenue stream. The fleets that participated in
this phase of the program were extremely hesitant set any firm price on data. Generally,
the fleets expressed a real interest in participating in order to position themselves for what
is viewed as significant potential upside.
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The participating fleets understood that one of the primary goals of this study was to
establish the basic economics of operating this system. So, when pressed, a consensus
was reached that an annual monetary return beginning in the neighborhood of $100 per
vehicle has been generally accepted as goal to work toward as the first satisfactory level
of compensation.

In Phase 1T Calmar will be working with fleets, the NYSMTA, and the ATA to establish a
revenue sharing scheme which provides due compensation to the fleets and encourages
increases in the rate of data flow.

Secondary Costs — Non-monetary Compensation

As stated earlier, the general consensus of the trucking industry is that cash compensation
will need to be accompanied with complementary traffic information products for
participating fleets. This can take a number of forms including real-time traffic,
historical congestion, Toute studies, or a variety of other metrics. A key to the successful
operation of this telematics monitoring venture will be striking a balance between
handing the fleets a standard set of valuable tools and charging for non-standard requests
for information.

In this first phase of the program information was fed back to the fleets through a web
site known as MyHIVIS, which provided participating fleets with a tool to access the
traffic information. The MyHIVIS process resides on the threshold server allowing the
fleets to log-in with the decryption keys necessary to identify their own vehicles among
all of the other vehicles in the system. While all fleets with telematics systems have
interfaces to view the location of their vehicles, the MyHIVIS site allows the fleet to
overlay the location of their vehicles with both current and historical traffic conditions
generated by dozens of fleets.

In the follow-on phases the MyHIVIS web site will grow to include more basic data
forms and may even include weather and road construction layers. The system will
necessarily be expanded to service thousands of users and direct XML feeds will go to
some of the larger commercial fleets.

In order to do a complete accounting of the costs associated with the use of telematics
data one must understand that the market for traffic information to the commercial
operator must be serviced without compensation.

_ The cost of operating these complimentary data services is relatively small compared to
the lost opportunity to sell this data to the commercial carriers. The opportunity costs
associated with using commercial vehicles as data probes is at least as large as the cash
compensation mechanism. States and other clients for real-time traffic data should
understand these secondary costs of data as the removal of some of the secondary
markets for the data and the loss of the opportunity to share the system cost. Incidentally,
this same statement is true for cellular tracking as the successful organizations that are



operating with this technology are gifting back the traffic information to the cellular
carrier which then offers it to their clients.



Fleet Support

Part and parcel with compensating the fleets that choose to participate in the program is
the need to maintain the fleets’ confidence in the program as a whole. Calmar Telematics
has established a fleet relations department staffed with trucking industry professionals.
This group 1s tasked with maintaining a high degree of industry confidence in Calmar,
This includes face-to-face meetings, ready phone support, participation in state and
national trade associations, and contributions to industry conferences.

In the Northeast, Calmar has been able to operate with one full time and two half time
employees in fleet relations. When overhead, travel and conference costs are added to
salary the fleet support function for a system operating in the Northeast adds $400,000 to
the annual cost of data.

As the system expands to the entire east coast the fleet relations staff will be increased to
a staff of five. Forecasts for maintaining the fleet support task across the nation as a
whole will likely require a staff of ten to fifteen.

fa
Lt



SUMMARY AND CONCLUSIONS

Calmar Telematics has successfully built and operated a state-wide traffic data system
based upon the passive and anonymous monitoring of commercial vehicle telematics
systems. The system known as HIVIS is currently converting more than two million
reports a month into traffic speed data on the Class 1-3 roads in New York. Accurate
reporting Interstate highway speeds has been verified. This data is actively being
streamed to web sites and is available to NYSDOT at their request.

This first phase of Calmar’s program was intended to study the economics and statistics
of using the passive monitoring of telematics systems for the specific purpose of
generating highway congestion and vehicle count data.

This study has made the use of commercial vehicle probes for traffic speed data on major
roads a reality in New York State. Furthermore, this study has established, that provided
that a proper relationship with the trucking industry is maintained, the process can be a
very affordable alternative to fixed sensors,

The operation of a data system such as HIVIS for the State of New York will require
approximately 10,000 vehicles at a cost of $1M - $1.3M. Personnel, computing and
facilities costs will add approximately $1.2M. The estimated annual cost of operating a
telematics monitoring system as a source of traffic information, such as HIVIS, is
estimated at approximately $2.5M.

The vehicles of the fleets participating in the generation of highway information for New
York spread regionally throughout the Northeast. This regional nature of trucking creates
a system with cost benefits that can be gained through the coordination of neighboring
states. Calmar’s study has indicated that a total fleet of approximately 50,000 vehicles
are needed to gather traffic speed data for the eastern seaboard states resulting in an
annual system cost of approximately $7M. As a point of contrast, over the past decade
well over $100M has been invested in the installation of fixed sensors for traffic
monitoring in the eastern seaboard states.

During the one year period of this phase, the study was not able to build a large enough
sample of the total population to definitively state that vehicle counts can be estimated to
the 95% confidence level required by the FHWA. Qualitative measures of volume have
been successful and will be continued in the second phase of the study.

The team at Calmar Telematics is excited by the strong success of Phase I and will be
continuing to expand the population of the contributing fleet in coming months. Phase II
of this program will be focused on building the interfaces that are necessary for our New
York State clients to access this data for real-time monitoring as well as research into
operational trends in traffic on the state highways.



APPENDIX A

Why a good road network is required
(Static versus point based observation)

Road statistics are traditionally obtained through geographically static devices, such as
inductance loops or toll way gates. The information gathered from these devices is
assurned to apply along an adjacent stretch of road. For example the Average Annual
Daily Traffic calculated by an inductance loop will be applied along that stretch of road
where there are no intersections.

The major difference between the traditional methods for gathering traffic information
and Calmar Telematics’ point based approach is that the monitoring devices are no longer
static. The GPS units used to collect information on the present as well as historical
traffic patterns are permanently attached to the vehicles. However, the telematics
information gathered from these devices is not continuous along the vehicle route.
Instead the telematics information is collected in a point-wise manner at certain intervals.
These intervals are set by the local GPS unit and can be defined by time, speed, location
or any number of other factors. Ideally all the units would collect information at the
same location, allowing traffic information to be acquired in a manner similar to the
traditional method, but this is not the case. Therefore, information gathered from
telematics units must be aggregated across continuous sections of road to obtain traffic
patterns (i.e. patterns of traffic that consist of more than one vehicle) for the road segment
of interest.

Road segment lengths

The length of road that the telematics information is accumulated over will have a
significant effect on the volume of data that is collected. To illustrate this point consider
two different road segments. The first segment consists of one hundred feet of road and
the second segment consists of one mile of road and encompasses the first segment.
Assume the telematics data gathered for these roads have an average density of one count
per sixty feet. The first segment may only contain one reading and will not provide an
accurate representation of the traffic. Aggregating this same data across a one mile
segment will provide around ninety readings and therefore a much better picture of the
average traffic conditions.

As this example iliustrates, the longer the road segment the more readings there will be to
form traffic statistics. But how long is too long? An interstate traversing the length of
the state 1s obviously too far. The ideal length for any given road would be the length
over which traffic remains relatively consistent. At a minimum this would be from one
mtersection to the next because vehicles do not typically leave a road until an
intersection. It should be noted that there are possible anomalies to this behavior such as
drive ways and unmarked intersections. The former is of little influence to the traffic
pattern and the latter should be monitored by identifying those vehicles that have left the
known road network.



Properties of an ideal road network

A road network should have the following properties to ensure accurate traffic patterns:
1) Geospatially accurate; GPS points will not be attributed to the correct roads if the road
network is not geospatially accurate, 2} road segments broken into useful lengths; too
small and not enough information will be collected, too large and the details in the data
may be washed out, 3) geometrically efficient (i.e. representing the road segments with
the minimum amount of “shape” points while still retaining the same level of accuracy);
the speed of geo-coding (the process of “snapping” GPS points to road addresses) will be
greatly increased if the road network does not contain repetitive or spatially insignificant
points.

Existing road network (ALIS)

Calmar began this project using the ALIS road network. This network was used to
aggregate individual GPS readings to the nearest road segment. However, ALIS does not
measure up against the three previous “ideal” road network properties. The accuracy of
ALIS is by far its strongest area. It is possible that the current level of accuracy will
allow for the proper “snapping” of GPS points but there is always room for improvement.
The segmentation of ALIS is the weakest aspect of the road network. For example, in
ALIS the representation of Interstate 90 East in New York is broken into over 1800
segments. Collecting 1800 traffic patterns along I-90 is not practical, efficient, or even
useful. The geometric efficiency of ALIS should be improved, helping to speed up the
geo-coding process. Removing some of the unnecessary shape points can also remove
some of the unwanted “wiggles” in the roads. These wiggles most likely occurred when
the digitizer mapped the road based on an aerial photograph.

Segment consolidation of the ALIS road network

Calmar has developed a program to consolidate the ALIS road network into a more
functional segmentation. This routine is broken into three main functions: consolidating
roads, segmenting new roads, and re-defining road shape points.

A FORTRAN program was developed to consolidate the road segments. The
consolidated roads are then re-segmented. The philosophy behind segmenting the roads
was to maintain consolidated roads where traffic patterns remain constant. Taking this to
the limit means that road segments should always break where traffic has the possibility
to change, i.e. road intersections. However there are two types of intersections: True road
to road intersections where vehicles can turn off their current road onto any other road
and overpasses where vehicles must remain on their current road and therefore traffic
patterns will remain the same before and after these intersections. This process took
approximately 7.75 hours to run.

The results from the consolidation/segmentation routine are then run through an Aero-
Grid and Paneling System (AGPS) script to minimize the number of shape points for
each road segment based on a chord-height tolerance function. The result is a more
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geometrically efficient network. This routine takes around forty hours to run. At this
point the road consolidation is complete and the data is converted to a road network

format that is more conducive to SQL. and geo-coding.

Table A-1 provides the original number of road segments and shape points as well as the
resultant decrease in the number of road segments and shape points after running through
the road consolidation and the geometry clean up (chord-height tolerance). Using the

more consolidated road network a decrease of approximately 30 percent was found in the

geo-coding time.

ALIS (Original) | Consolidated Segmented Chord-Height
# of Road 1,141,084 324,220 824,484 824,484
Segments
- —
70 of Original 100% 28.4% 72.2% T2.2%
Road Segments
# of Shape 6,059,708 5,242,850 5,743,106 4,409,996
points
% of Orlg:mal 100% 86.52% 94.77% 72.77%
Shape Points
Time to - 54 Minutes 7 % Hours =40 Hours
Complete

Table A-1: Performance of Road Consolidation Algorithm for ALIS Dataset

The following two figures illustrate the amount of segmentation of the road network
before and after the routine. Figure A-1 shows I[-87 just south of I-90 in Albany, NY
before the consolidation. Figure A-2 shows this same intersection after the
consolidation. Finally, Figure A-3 shows an aerial photo of the actual intersection.
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Figure A-1: Original Intersection of I-87 and Washington Ave Ext.

Figure A-2: Consolidated Intersection of 1-87 and Washington Ave Ext.

Note the waves in the original network and how the geometry smoothing has inherently
made the new road network more accurate. More research is needed to determine if
smoothing will always increase the accuracy or if there are cases that will actually

decrease in accuracy when smoothed.
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Figure A-3: Aerial Photo of I-87 and Washinn Ave Ext Intersection.



