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PREFACE

This document is the culmination of the sixth offering of an innovative transportation
engineering graduate course at Texas A&M University entitled, "Advanced Surface Transportation
Systems," which was presented during the 1997 summer term. As part of the course, a Mentors
Program provided the students with unique learning experiences. Six top-level transportation
professionals from private enterprise and departments of transportation were invited to Texas A&M
University to present a 1'%2-day Symposium on Advanced Surface Transportation Systems at the
beginning of the summer term. Immediately following the Symposium, the students enrolled in the
course participated in a Forum and a Workshop with the transportation professionals and course
instructor. Based on mutual interests, each student was assigned to one of the professionals who
served as a mentor (along with the course instructor) for the remainder of the summer term. Each
student worked with his/her mentor and course instructor to identify a topic area and objectives for
aterm paper. In addition to discussions with the course instructor, the students (communicating via
telephone, fax and mail) worked directly with the mentors throughout the term while preparing their
term papers. The mentors returned to the Texas A&M University campus near the end of the
summer term to hear and critique the students' presentations.

One important objective of the program was to develop rapport between the students and the
transportation professionals. The opportunity for the students to communicate and interact with top
transportation officials, who are recognized transportation engineering experts, was a key element
to the students gaining the type of learning experiences intended by the instructor. Therefore, extra
care was taken to encourage interaction through the Symposium, Forum, Workshop and social
events.

Comparable to the previous years, this program was again extremely successful. The
students had an excellent opportunity to interact directly for an extended period of time with top-
level transportation professionals who are recognized for their knowledge and significant
contributions both nationally and internationally.

Marsha Anderson, Ginger Gherardi, Thomas Hicks, Joseph McDermott, Colin Rayman, and
H. Douglas Robertson devoted considerable time and energy to this program. We are extremely
grateful for their valuable contributions to the educational program at Texas A&M University.

The opportunity to bring top-level transportation professionals to the campus was made
possible through financial support provided by the "Advanced Institute" at Texas A&M University
which is sponsored by the University Transportation Centers Program of the U.S. Department of
Transportation, and from funds received from the Zachry Teaching Program from the College of
Engineering at Texas A&M University.

Gratitude and appreciation are expressed to Dr. Carroll Messer, Professor of Civil
Engineering, Texas A&M University, who helped me pioneer this innovative graduate course in
transportation engineering. Dr. Messer was a co-instructor for the course during the first two years
itwas offered. Other teaching commitments required his attention during subsequent summer terms.
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Sandra Schoeneman, Senior Secretary with the Texas Transportation Institute, once again
coordinated the Symposium and Workshop in a very efficient and professional manner.

Congratulations are extended to the transportation engineering graduate students who
participated in this course. Their papers are presented in this Compendium. A listing of all the
papers that were prepared since the first offering of the course in 1990 is shown in the Appendix of
this Compendium.

Conrad L. Dudek
Professor of Civil Engineering &
Associate Director, SWUTC
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SUMMARY

With the passage of the North American Free Trade Agreement in 1994, trade between the
United States, Canada, and Mexico has increased considerably. With this increase in trade, traffic
volumes have also increased considerably at the land border crossings between the three countries.
Stakeholders at the borders including: owners and operators, Customs and Immigration, and road
authorities have found that they are unable, with their current physical and staffing resources, to keep
up with the user demands at the border crossings. Processing and tolling of vehicles arriving at the
border requires a considerable amount of time if performed manually. Delays are, thus, incurred on
commercial and non-commercial vehicles. These delays increase the cost required to conduct
business which eventually increases the consumer’s cost.

To address these operational problems, advanced technologies will be implemented and
tested at a few border crossings. The intent is to utilize standard pre-clearance procedures and
Electronic Data Interchange (EDI) to facilitate the information exchange between commercial and
Customs and Immigration agencies. Dedicated Short Range Communication (DSRC), Weigh-in-
Motion (WIM), and other advanced technologies will be used at the border for detection, tolling, and
clearance at the border to provide a “seamless” border operation. The collection of technologies
used to improve the operations at border crossings is known as Advanced Border Crossing Systems
(ABCS).

ABCS implementation, however, is not feasible at every border crossing between the U.S.-
Canada and U.S.-Mexico borders. The objectives of this paper were to investigate how ABCS
technology is being used currently, its effectiveness, and to identify the characteristics of border
crossings that lend themselves to the success of ABCS technology. A literature review was
conducted to obtain information in the following areas:

e Border Crossing Stakeholders,

e Advanced Border Crossing Technology,
e Current Border Initiatives,

* ABCS Requirements,

»  Expected Benefits, and

e ITS Implementation Philosophies.

A professional contact survey was also conducted to obtain information from those affiliated with
border crossings and their operations. From this information a further objective was to develop
criteria for the selection of border crossings that would realize the greatest benefit from the use of
ABCS technology. The final objective was to apply this criteria to a case study.

The recommended criteria developed from the literature review and professional contact
survey included the following:

1. An identifiable problem must exist at the border crossing that can be alleviated using ABCS
technology before implementation should be considered.
2. A high truck volume must be present.



3. A high volume of daily or weekly commuters must be present.

Physical expansion is either not possible or is less feasible than ABCS implementation.

The potential for dedicating a lane for ABCS participants must be present.

The geometric site characteristics must be able to accommodate the technology needed.
Interagency cooperation must be expected at the border crossing of interest.

Market-share must remain undisturbed between border crossings and businesses within the
region.

9. User participation must be expected at the border crossing of interest.

i

The criteria were applied to the Peace Bridge spanning from Buffalo, N.Y. to Fort Erie, Ontario.
Based on the recommended criteria, the Peace Bridge was found to be a good candidate site for
ABCS implementation.
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INTRODUCTION

With the implementation of the North American Free Trade Agreement (NAFTA) on January
1, 1994, trade between the U.S. with Mexico and Canada has seen an accelerated rate of growth (1).
A 1995 study conducted by the Texas Transportation Institute projected that Mexican exports are
expected to increase by 65 to 70 percent by the year 2000. At the U.S.-Canadian border there has
been a 40 percent increase in vehicle trips since 1984 with 2.7 million trucks, and 18.9 million
passenger cars annually using the border crossings (2). Increased trade at the U.S.-Canadian border
due to NAFTA is expected to accelerate this growth in the coming years. Other attractions, such as
the new Windsor Casino, are expected to increase border crossing volumes by 4 million person trips.

This increase in trade has created operational problems at many of the border crossings
especially at those in which a high percentage of the volume is made up of commercial vehicles and
commuters (2). Delays due to toll payment and Customs and Immigration clearance have increased
the cost of doing business for many commercial entities which eventually costs consumers more.
Many businesses, namely the automotive industry, have begun to use “just-in-time delivery and
“inventory on wheels” as their method of operation. This type of operation is greatly hindered by
border crossing clearance delays. Pre-clearance with customs and immigration agencies using
advanced technologies in conjunction with automated tolling have shown promise of operational
benefits at border crossings. Advanced Border Crossing Systems (ABCS) is the name given to the
use of these advanced technologies to better facilitate the traffic operations specific to border
crossings.

The success of ABCS in the early stages will be based on the actual benefits in traffic
operation realized at the specific border crossings in which implementation takes place. As
implementation takes place on a broader scale, or at a large number of border crossings, the success
of ABCS can be measured by its benefit to the commercial industry and commuting traffic using the
border crossings. As this broad implementation takes place more global benefits can be realized.
With broad implementation, however, the need arises for detailed strategies developed to meet the
desired vision and goals of all stakeholders while taking into consideration limited resources. It is
not feasible, nor is it desirable, to place ABCS at every crossing between the U.S.-Mexico and U.S.-
Canada borders. Before broad implementation can occur there is a need to identify the crossings that
have the greatest potential for successful implementation and realization of benefits.

Objectives
The four primary objectives of this paper were to:

1. investigate how ABCS technology is being used currently, and how effectively it addresses
operational problems encountered at border crossings;

2. determine specific characteristics of border crossings that lend themselves to the success of
ABCS technology;

3. develop criteria for the selection of border crossings that would realize the greatest benefit from
the use of ABCS technology; and

4. apply the developed criteria to at least one case study to validate the criteria.
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Scope

The primary purpose of this paper is to establish some of the basic criteria that can be used
to select feasible sites for ABCS implementation. The paper will focus on crossings located on both
borders to the U.S. (Canada and Mexico). Though ABCS may be used on other borders in the world,
the criteria that are discussed should only be applied to the U.S. and its bordering countries. The
data used to develop these criteria are limited to information given in the telephone surveys and from
available literature.

Organization of Paper

This paper is organized into several sections. Following the Introduction section, is the
Research Study Design section. The methodology used to achieve the objectives of this paper within
the research scope is discussed in this section. The Literature Review follows the Research Study
Design. This section is a review of the pertinent literature involving border crossings and advanced
technology. Its purpose is to provide a background framework from which a professional contact
survey and eventually recommended site selection criteria can be developed. The results of the
professional contact survey are discussed, in some detail, in the Survey Results section. The next
section, Summary of Findings From Literature and Surveys, is a list of some of the most relevant
findings found in the literature and from the professional contact survey. From this summary and
the author’s personal beliefs, Recommended Site Selection Criteria are developed and presented in
the next section. In the next section, Peace Bridge Case Study, these criteria are applied to the Peace
Bridge which spans the Niagara River between Buffalo, New York and Fort Erie, Ontario. The
Peace Bridge Case Study section is followed by an overall Conclusion section.

A-2



RESEARCH STUDY DESIGN

To accomplish the objectives of this paper a three part research study was conducted. The
research study consists of a review of the pertinent literature to provide a background framework;
a telephone survey of governmental agencies, bridge authorities, and consultants to provide further
insight from personal experience and from different perspectives; and a case study to apply the
criteria developed.

ABCS Literature Review

A literature review was conducted to provide background information on the following
1ssues:

e Border Crossing Stakeholders,

e Advanced Border Crossing Technology,
e Current Border Initiatives,

* ABCS Requirements,

*  Expected Benefits, and

e ITS Implementation Philosophies.

This review yielded information that was useful in providing a starting point for identification of site
selection criteria. The development of the telephone interview, discussed below, was at least
partially based on the information found in the literature.

ABCS Telephone Survey

A telephone survey was conducted in order to gain insight from several different perspectives
on respondents’ personal experience with ABCS technology. The survey focused on the technology
being used at the border, the benefits of the technology, and positive and negative site characteristics
related to implementation of ABCS.

An attempt was made to contact 30 professionals who have experience with the use of ABCS
technology. Personnel from state and federal transportation agencies, Customs and Immigration,
border crossing owners and operators, and consulting firms from the United States, Mexico, and
Canada, were telephoned. The contact list was developed using information given by the author’s
mentor, Colin Rayman, with additional contacts resulting from discussions with TTI researchers and
from the telephone interviews. A seven-question survey was prepared as a guideline for the
information to be collected (See Figure A-1 in the Appendix).

Case Study: Peace Bridge

The Peace Bridge, spanning the Niagara River between New Y ork and Ontario, was analyzed
with some detail in the form of a case study. The case study was conducted in the context of the
recommended ABCS site selection criteria that were developed from the literature review and
telephone survey. The purpose of the case study was to verify the criteria by analyzing the site
characteristics specific to the Peace Bridge and comparing them to the developed criteria for
selecting sites. This case study discusses the feasibility of implementing ABCS at the Peace Bridge.

A-3



LITERATURE REVIEW

Border Crossing Stakeholders

Highway border crossings are highly complex operations which involve a wide range of
stakeholders. Some of these stakeholders include:

»  owners and operators,

e customs and immigration

» road authorities, and

e anumber of user groups (commercial carriers, commuters, tourists, etc)

The owners and operators can be either public or private agencies, depending on the crossing. These
agencies collect tolls in the currency of either country from both passenger vehicles and commercial
trucks. Customs and immigration officials have the duty of monitoring the flow of goods and
people, respectively, to ensure that only authorized passage is granted. Road authorities have the
interest of maintaining acceptable traffic operations on routes leading to the border crossings and in
the immediate vicinity of the crossing. Both commercial and non-commercial user groups are
important stakeholders. They are the groups that are directly affected by the level of service
provided at the border crossing. Successful operation of the border crossing involves a great deal
of cooperation between each of these groups. Implementation of new technology at these crossings
will also require the approval and full cooperation of these stakeholders. One of the main issues to
resolve in the implementation of the technology is to be able to do so in a manner that achieves the
diverse goals of each stakeholder (2).

Advanced Border Crossing Technology

ABCS refers to the use of advanced technology to facilitate operations at border crossings.
It is important to note that the ABCS systems are composed of existing technologies integrated in
a manner that is geared toward the border crossing context. Advanced systems are designed to
provide expedited service to both passenger cars and commercial trucks that have agreed to
participate in the program. A program, begun in the early 1990s, was designed to reduce the time
drivers actually spend at the borders. Used mostly by commercial entities, the shippers, custom
brokers, or carriers transmit by fax or computer a copy of the bill of lading containing a bar code.
The paperwork is reviewed by customs while the commercial vehicle is in transit to the border
crossing. The decision is made before the vehicle arrives at the border whether the freight can be
released immediately or held for secondary processing. When the driver arrives at the border, he or
she presents the bill of lading, bar codes are compared, and the freight is either cleared or checked
based on the earlier “Pre-Arrival Review” process. A process which at one time took 40 minutes
to an hour now takes around one minute (3).

Though the system described above has reduced the time spent at the border by commercial
vehicles, there remains the need for even more reduction in delay to a level of almost instantaneous
or “seamless” clearance. Newly designed systems will provide not only expedited Customs and
Immigration processing (C&I), but also automated tolling, integration with local Advanced Traffic
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Management Systems (ATMS) and Advanced Traveler Information Systems (ATIS), enforcement,
and Commercial Vehicle Safety and Regulation (CVSR). Table 1 below shows the technologies
used for each of these functions.

Table 1. Technologies to be Used at Border Crossings (3,4,5).

Function Technologies

Automated Tolling » Weigh-in Motion (WIM)

» Automated Vehicle Classification (AVC)
» Automatic Vehicle Identification (AVI)

» Changeable Message Signs (CMS)

C & I Processing * Electronic Data Interchange (EDI)
* AVI
 CMS

ATMS/ATIS » Highway Advisory Radio (HAR)
* CMS

» Speed/Occupancy Detectors
* Video Monitoring

Enforcement o AVI

¢ Video Surveillance
CVSR e EDI

e AVI

*Note: Dedicated Short Range Communication (DSRC) is the term used in place of AVI in some references

The use of Dedicated Short Range Communication (DSRC) is used for detection and
processing of vehicles through the various plazas at the border. This communication requires that
the vehicle’s owner register with each border crossing agency prior to the trip. During this
registration, the vehicle owner purchases a transponder that is placed within the vehicle. Using the
transponder, the needed detection and communication can take place between the border crossing
agencies and the vehicle operator. Upon arrival to the border crossing, customs and toll antennas
detect the approach of the vehicle and begin processing the information matching the transponder’s
ID number. Vehicles that have a verified transponder number will be directed to an express lane for
faster service. Commercial vehicles are weighed and classified using the WIM/AVC technology.
A toll is calculated and debited from the account matching the transponder number (5). For
commercial vehicles, uniform information on the shipment will be relayed to C & I processing by
the broker prior to the vehicle’s arrival at the border through the use of EDI. The transponder
number is read using AVI and matched against the EDI information similar to the bar-coding system
currentlyused. Frequent non-commercial users of the border crossing (commuters, tourists, etc.) can
also register with immigration to receive expedited AVI service at the border crossing as well (4).
CVSR is conducted in a similar manner as the C & I processing for commercial vehicles. Electronic

A-5



safety records will be available from roadside safety inspection facilities on the approach to the
border (5). These records are linked at the border using the AVI transponder code and EDI. Records
on the carrier safety risk rating, the driver’s commercial license status, special regulated load type
(hazardous materials, etc.), and other safety information will be reviewed by border crossing officials
and a decision will be made as to whether the vehicle can pass. At each step the vehicle will be
monitored using some type of enforcement system involving, at a minimum, AVI and video
monitoring. Also at each step CMS will be used to guide the vehicles through each process in the
border crossing operation (4). Figure 1 illustrates the border crossing processing operation.

Upon the approach and departure to the border, useful information will be provided to the
drivers through ATMS/ATIS technologies. Different types of information such as congestion due
to construction or an incident can be detected using video monitoring or speed/occupancy detectors.
This information can be relayed to the driver through the use of HAR, CMS, and other more
technologically advanced methods, such as in-vehicle navigation systems. The driver can make
more informed decisions on route-choice from the information provided by these technologies (6).

EDI Méssage Sent Ahead of Vehicle

Register P ATMS/ATIS | oo > Continue
¢ Trip
, o A
Begin Trip 1--------- EDI Message Sent Ahead. of Vehicle. ... ... . ... .
_ _ _ _ BorderCrossing _ _ _ _ . _ _
M v I
I . I
Roadside | Toll CVSR C&l |
Inspection | » System System ——» System |
I
I

Figure 1. Advanced Border Crossing System Conceptual Layout.

Current Border Initiatives
North American Trade Automation Prototype (NATAP)

The North American Trade Automation Prototype (NATAP) is a set of guidelines developed
under NAFTA by the governments of the United States, Mexico, and Canada to harmonize trade
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procedures among the three countries. The prototype specifies data structures and trade processes
to be implemented so that the three countries and the shipping companies using the borders can
operate under one set of procedures (7). The main objective of this initiative is to expedite
processing at the borders through this common set of procedures. Currently, field operational tests
are being conducted at six border crossing locations. These crossings are:

*  Ambassador Bridge (Detroit, Michigan/Ontario),

e El Paso, Texas,

e Laredo, Texas,

»  Nogales, Arizona (Expedited Processing at International Crossings Project),

e  Otay Mesa, California (International Border Electronic Crossing Project), and
e Peace Bridge (Buffalo, New York/Ontario).

Currently the advanced systems at these sites are being tested in a “parallel” fashion to the existing
clearance processes used at the border (8). The purpose of these tests is mainly to evaluate the
technology and the feasibility of their use at the border crossings. The vehicles still must stop and
proceed through the manual processes required from the current systems. Few benefits, therefore,
will be seen through these tests. After a lane is dedicated for ABCS use only, benefits can be truly
quantified.

Commercial Vehicle Information Systems and Networks (CVISN)

FHWA is implementing a Commercial Vehicle Information Systems and Networks project
(CVISN) in order to standardize the flow of commercial information from state to state (9). In the
past, motor carriers have been required to visit several state agencies for their required credentialing.
CVISN provides motor carriers with a “one-stop shopping” opportunity through the use of EDI(10).
FHWA envisions CVISN as “a collection of information systems that will enable the seamless
movement of goods and services throughout the United States and North America” (10). This
expedited information exchange will be useful for border crossing pre-clearance operations.
Credential and safety information will be available at the border from the roadside safety inspections
prior to the border. At the border, the AVI used in conjunction with the CVISN electronic data
exchange, will be used to identify carriers, vehicles, or drivers, with a poor safety record. Those that
are identified as having a poor safety rating will be directed to a secondary inspection station. At this
station they will be issued a warning that they will be denied future entry if the safety problems are
not cleared through a safety inspection facility participating in CVISN ().

ADVANTAGE I-75/AVION

Another system designed to expedite the movement of truck traffic uses electronic clearance
at truck inspection sites in major urban areas. In order to solve the problem of congestion caused
by the increased NAFTA trade, the entire highway should be made seamless as well as the border
crossings. A two-year pilot test is currently being conducted along I-75 (ADVANTAGE I-75) in the
United States from Detroit to Florida. The test continues into Ontario, Canada (AVION) along
Highway 401. The system utilizes the EDI capabilities provided by the CVISN initiative. Truck
weight, driver, and safety inspection information is stored on the transponder at a weigh station at
the start of the trip. At the next inspection station (possibly in the next state), the information is read
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from the transponder and a clearance decision is made. The driver is either instructed to bypass the
station or pull in for inspection. The information obtained at these stations can also be accessed at
the border to prevent unneeded stops (11). This initiative combined with the CVISN technology will
provide a major advantage to border crossing clearance agencies especially the CVSR agencies.
Many borders crossings do not currently have an efficient method for screening commercial vehicles
for credentials and safety regulations (12). In fact, many do not even screen for CVSR at all. The
results of the ADVANTAGE I-75/AVION test will be influential in the broad implementation of this
type of technology to other major trade corridors.

ABCS Requirements

The success of ABCS is dependent upon several requirements. These requirements include
operational and user, geometric, and non-technical requirements. The requirements listed here are
those given in the literature, and will be useful in developing the ABCS site selection criteria.

Operational and User Requirements

There are several operational and user requirements of the ABCS that must be incorporated
in order to achieve the most efficient automated border crossing design. The key to a “seamless”
border crossing is to have an integrated system. An integrated system means that information must
be usable by all entities at the border crossing (toll agencies and C&I), by the local ATMS, and by
the CVSR agencies. The technologies should also incorporate other initiatives such as CVISN and
ADVANTAGE I-75/AVION. Through public-private partnerships, technology standards should
be developed to be used at all ABCS locations (13). This will ensure that the technologies are easily
transferrable from one border crossing to the next or from the border crossing to any other advanced
technology application the vehicle may encounter on the roadway. The overall success depends to
a great extent on the amount of participation by commercial and non-commercial users. To provide
incentive, therefore, the technology to be purchased by the user should be available at a reasonable
cost and dedicated lanes are a necessity to provide the fast service that is expected (4).

Geometric Requirements

Technical requirements are those which directly affect the physical implementation of the
technology such as hardware and software capabilities and geometry of the border crossing. The
reader should refer to reference 5 for detailed information on hardware and software requirements,
for listing them in this paper would be beyond its scope. Hill and Harris (5), however list some of
the geometric requirements that may be of interest when deciding which crossings should be selected
for ABCS implementation. Following is a list of the relevant requirements given in the paper:

e asingle AVIroadside reader and antenna configuration are subject to a maximum of 1500 feet
between them;

e the WIM/AVC sensors must be placed around 80 feet prior to the payment point to allow the
information to be collected and processed; and

e 800-1100 feet is required between the initial AVI detection and C&I clearance to allow for data
processing, deceleration, and the display of the stop or go message from a CMS.



Other technical requirements involve the dedicated lane potential of the specific border crossing.
To provide user incentive, as discussed earlier, a dedicated lane must be possible. This, however,
is not easily implementable at all crossings. Many of the older international bridges and adjacent
facilities are located in older sections of border communities, making physical expansion difficult.
According to Lindquist et. al. (6) retrofitting these border crossings to provide a dedicated truck lane
is impractical. Where a dedicated lane is possible it is essential that it be provided for as far as
possible in advance of the toll barrier and C&I inspection regular-use lanes. This will help to
eliminate the problem of queues developing and impeding entry into the ABCS lanes.

Non-Technical Requirements

There other non-technical requirements that need to be addressed before successful
implementation of advanced border crossing systems can take place. These issues include:

1. inter-agency relationships,
2. privacy concerns, and

3. market-share maintenance.

Interagency Relationships

As mentioned before, Inter-agency conflicts can hinder the success of ABCS. For an ABCS
system to be implemented the state and federal government border entities must be unified with the
private organizations and users. The potential for this unification largely depends on the agencies’
past relationships and their willingness to cooperate. Relationships among the agencies that
administer each crossing differ from one location to another (7). Therefore, it is logical to consider
the context at each border crossing separately from others, for the purposes of implementation, while
still maintaining technology standards.

Privacy Concerns

Privacy becomes a concern whenever information sharing is involved. Many users become
concerned when they realize there is the potential for collecting personal information on origins and
destinations and linking this information back to their personal identification. This potential may
reduce the public’s willingness to support the development and adoption of various advanced border
crossing technologies. However, a 1991 survey (13) suggested that Americans have “ambivalent”
feelings concerning privacy. Although people want their privacy protected, they realize that in order
to receive some benefits they must compromise their privacy to some extent.

Market-Share Maintenance

Another non-technical requirement for smooth implementation of ABCS technology is that
sites should be chosen so that current market share is maintained. Providing expedited service at one
location may cause an imbalance in the market-share by providing an advantage to the businesses
which use that crossing while a competing company uses another crossing not equipped with ABCS
pre-clearance technology. This issue would require an in-depth study of current commercial usage
ofborder crossings and the effect ABCS implementation would have on the global and local markets

2).
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Expected Benefits

Benefits realized from implementation of ABCS can only be estimated at this time. Upon
implementation it is expected that the benefits will accrue to four groups: the users, the toll entities,
Customs and Immigration, and custom brokers. Table 2 lists the categories of each of these benefit
groups. The amount of benefit realized at a given border crossing is dependent on the current
characteristics of the crossing. For example, a crossing with 5,000 total vehicles per day would not
benefit as much from ABCS as would a crossing with six million passenger cars and one million
trucks per year. Reference 5 gives detailed procedures for calculating expected benefits at a given
border crossing.

Table 2. Expected Benefits from ABCS Implementation (4).

Benefits Categories

Users »  time savings
»  cost savings
» convenience
» commercial fleet operations

Toll Entities | » collection cost savings

» increased capacity

»  toll processing savings

» improved management information for staffing, scheduling, planning,
performance evaluation, and other decisions

» improved customer service quality/public relations

Customs and | » increased third party data entry

Immigration | » automation of records and systems

» reduced inspector hours

» improved management information for staffing, scheduling, planning,
performance evaluation, and other decisions

» improved customer service quality/public relations

Custom » increased third party data entry

Brokers » automation of records and systems and reduced service costs

» improved management information for staffing, scheduling, planning, and
other decisions

» improved customer service quality/public relations

It is very important that expected benefits be quantified so that the operators, C&I, brokers,
and users at a specific border can see the benefit in the system and thus accept the changes that must
be made for implementation to take place. The amount of benefit that accrues due to ABCS is
largely dependent on the amount of participation by the user. The problem, however, is that the
amount of participation is a function of the expected benefits. It is anticipated that acceptance will
increase over time as more and more benefits have actually been realized (4).
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ITS Implementation Philosophies

Two opposing philosophies exist regarding the implementation strategy of ABCS technology.
Some organizations and individuals believe that ITS technology, in general, should be implemented
on a global level wherever the technology can be applied. Others believe there should be specific
warrants for the use of ITS technology, thus limiting the implementation to locations that have
demonstrated a need.

The Heads of Customs of Canada, the United States and Mexico have stated, “It is envisioned
that once the Prototype (NATAP) is evaluated, concepts that have proven to be successful will be
incorporated into the mainstream systems of all three customs administrations” (4). This statement
implies that the Customs departments of all three countries believe that select ABCS technologies
should be implemented at all border crossings. This would allow them to expedite the services for
complying commercial carriers and commuters while focusing their attention on possible non-
compliers. This type of implementation also provides fairness to competing businesses and toll
agencies for market share. The cost of global implementation would, however, be considerably
higher than selective site implementation.

The Texas Department of Transportation has developed its own ITS implementation strategy
to guide the efforts of headquarters and district personnel in the development of ITS projects. As
discussed by Lindquist et. al. (6) the strategy holds to the following core principles:

e ITS projects must meet an identifiable public need;

e TxDOT must ensure maximum participation from a broad range of actors in every project to
help ensure a wide base of support (both public relations and financial support) and a reduction
in possible technological redundancies;

e ITS projects should minimize long-term costs (although approach deployment from a strategic,
long-term perspective) and commit to justifiable short-term costs as related to shorter-range
priorities; and

e ITS projects should be implemented locally.

This strategy is in direct conflict with the global strategy mentioned previously. It has the advantage
of lower overall cost by prioritizing over the short-range. Another difference is that the projects are
implemented on a local level. This is advantageous in that the local problems can be better
addressed by local entities. However, local implementation may cause the technologies at a
particular site to become “orphan” technologies (i.e. the technology used at the particular site can
only be used at that site) if strict enforcement of standards are not enforced.

Other implementation strategies could involve a combination of these two extreme
philosophies. One possibility is implementation at only sites which warrant the technology with the
actual implementation power being at the regional or federal level to maintain standards and
consistency in design. The author believes this moderate approach toward implementation should
be followed. The strategy that is chosen must take into consideration the benefits weighed against
the costs for all stakeholders.



SURVEY RESULTS

The telephone survey yielded some interesting results relative to ABCS technologies, their
benefits, and site selection criteria. As mentioned in the study design, an attempt was made to
contact 30 professionals who were at least familiar with border crossing operations and advanced
technologies. Some complications were experienced while attempting to reach many of the contacts.
While a few survey participants were contacted by phone, several answered the survey questions
through fax or by electronic mail. Many of the contacts were unable to be reached during the survey

period.

ABCS Survey Participants

During the five week study period responses to surveys came from 11 professionals affiliated
in some way with the border crossing operation of one or more crossings and/or ABCS technology.
Table 3 shows an alphabetical list of the professional contacts who participated and their
organizational affiliation.

Table 3. Professional Contact Survey Respondents.

Organization Type Professional Affiliation
Bridge Authorities Anthony Braunsheidel Peace Bridge Authority
(the Peace Bridge spans the Niagara River between
Buffalo, N.Y. and Fort Erie, Ontario)
Allen Gandell Niagra Falls Bridge Commission
Consulting Firms Joe Elias Calspan
Craig Fundling Booz, Allen, and Hamilton

Peter Houser

Signal Processing Systems

Governmental Agencies

Brian Hicks

Transport Canada

Lee Jackson

U.S. Department of Transportation, Intelligent
Transportation Systems and Commercial Vehicle
Operations

Drew Livesay

Montana Department of Transportation, Motor Carrier
Services Division

Bill Nolle

U.S. Treasury Department

Colin A. Rayman

Ministry of Transportation in Ontario, Intelligent
Transportation Systems Office

Joe Tsai

Ministry of Transportation in Ontario, Intelligent
Transportation Systems Office
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Survey Responses

This section will list the responses to each of the survey questions. Some of the questions
were left blank or were listed as not applicable for some of the surveys. The answers will be listed
together with no reference to the professional who gave the answer. The data are presented in this
manner to maintain the anonymity of each professional who participated. The answers to the
questions are presented under the categorized italicized headings below (12, 14-23).

1. Border Crossing Affiliation and Roles

Question 1 pertained to the professional contacts’ experience with border crossings and their
particular role in association with the border crossings with which they are affiliated. Ofthe contacts
surveyed, at least one was affiliated with the following border crossings or border crossing regions:

e Ambassador Bridge (Detroit/Windsor)
e ElPaso, TX

e Laredo, TX

e Lewiston Queenston

e Montana/Alberta

*  Nogales, AZ

e Otay, Mesa CA

e Peace Bridge (Buffalo/Fort Erie)

e Rainbow

e Whirlpool

The professionals’ roles varied depending on the crossing and the agency with which they are
affiliated. The federal governmental agencies tend to have a role in implementation of the
technology, C&I processing, and standards development. The role of the consulting firms is more
on the technological level. Their roles involving ABCS range from technology installation and
testing to evaluation of benefits and barriers to implementation. The bridge authorities are
responsible for the operations and toll collection at their particular bridge.

2. Operational Problems

Current operational problems experienced at the border crossings as listed in the survey
responses (question 2), included (the actual responses are given with additional comments in
parentheses made by the author):

» Inadequate screening for safety and credentials.

(Currently, screening commercial vehicles for safety and commercial vehicle operators for
credentials is inadequate and evidently non-existent at many border crossings).

e Traffic congestion due to the very low capacity at the toll and Customs and Immigration plazas
relative to the traffic demands of the connecting highway and bridges, the sequential processing
of traffic through the various plazas introduces additional delays.

(The throughput capacity provided at the border crossings is restricted by the time it takes to
process each vehicle. Currently, the average processing time is one minute).
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e The manual paper-based Customs system causes delays and data errors.
(Manual processing requires repeated data entry and keeping up with paper-work. This process
can be tedious and creates considerable room for error).

e Limited staff.
(This response is self-explanatory. Where there is limited staff, the processing time will
increase when the demand exceeds the capacity).

e Lack of data standards.
(The data can be processed faster if it is standardized. This problem must be overcome for the
advanced technology alternative to be successful).

e Unpredictable traffic movement.
(When the traffic movement is unpredictable, it is difficult to optimize the available staff
resources).

e Poor integration between trade and C&I. . . they both use electronics, but don’t communicate
well with each other.
(Poor interagency communication is the root of many of the problems that exist at border
crossings. This problem must be solved before successful implementation of ABCS can take
place).

3. & 4. Benefits of Technology

An attempt is made, through Questions 3 and 4 of the survey, to obtain qualitative
information regarding benefits that have or will be achieved through the use of ABCS. The
questions basically ask: Would ABCS benefit the current operations at border crossings, and if so,
how? The responses to these questions may be slightly opinionated. A few of the survey
respondents deferred answering these questions because of their speculative nature (no in-depth
benefit/cost analysis has been conducted). One respondent believed the answer should be
somewhere between response a and b. He believed the benefits would outweigh the costs but only
slightly. Following are the responses that were recorded for these questions. Table 4 shows the
responses to the multiple choice question (question 3). Below the table is the respondents’
explanations for their reasoning (question 4).

Table 4. Response to Question 3 of Professional Contact Survey.

Would (have) electronics/advanced technologies help(ed) solve the Frequency
operational problems at the border crossings with which you are
familiar?

a) Yes, to a great extent (benefits outweigh costs significantly) 7
b) Yes, but only slightly (benefits do (would) not outweigh costs 0
significantly)

¢) No, not at all 0
Between a and b 1
Deferred answering 3




Yes, to a great extent (benefits outweigh costs significantly):

The answers provided here are those associated with those who answered question 3 as “Yes,
to a great extent (benefits outweigh costs significantly).” The answers provide an explanation for
the contact’s multiple choice selection.

e The reduction in travel time through the gateway provides virtual capacity on the bridge
while enabling resources to be focused on the non-compliant elements of the population.

e The solution directly addresses the problem. In other words, the processing capacity of the
dedicated electronic clearance lane is from six to ten times the capacity of the manual lane.
There are also positive economic benefits and vehicle safety benefits.

e ITS is the only way to achieve electronic processing at land border locations.

e Pre-processing of information and quick ID of non-compliant vehicles/drivers, will eliminate
congestion and delays and improve processing.

e The systems will provide toll savings and extra capacity for Customs/INS.

* ABCS Expedite safety and credential screening at locations where this process is currently
done manually, and also encourages implementation of this processing at locations where no
screening is conducted in any form.

Between a and b

One contact responded that his answer was between selection a and b. His justification was:

e The benefit to cost ratio would work fairly well for a fully operational facility, but with a
prototype system the costs currently outweigh the benefits.

5. Implementation Philosophy
Question 5 was designed so that an indication of the implementation philosophy held by each

contact could be obtained. Table 5 shows the frequency of responses.

Table 5. Response to Question 5 of Professional Contact Survey.

Electronics/advanced technologies should: Frequency
a) be implemented on a large scale (to most (all) border crossings). 6
b) be implemented at only a few border crossings where certain problems exist. 3
¢) not be implemented at all 0
between a and b 1
deferred answering 1
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6. Site-Specific Characteristics Leading to Success of ABCS

Several characteristics of border crossings associated with successful implementation of
ABCS were given as a response to question 6 of the survey. Physical, operational, and other
characteristics were given, and thus will be presented in this manner below.

Physical:

e The limited space available at some crossings makes it infeasible for physical expansion.
The high demands at some of these crossings, however, requires an increase in capacity
possibly with the use of advanced technologies.

o Ifthere is a bridge, there is constricted traffic flow.

e There must be the potential to dedicate a lane for electronic clearance lanes at the crossing
plaza.

Operational:
e The volume of traffic crossing the border was identified by several professionals as an

important characteristic of crossings associated with successful implementation of ABCS
(volumes must be greater than border crossing capacity or crossings must service greater than
100,000 trucks per year).

e ABCS is useful when the ability for the DOT to screen drivers and carriers does not currently
exist at a specific crossing.

e Where limited staff resources are available, ABCS can be useful.

e When implementing ABCS, staff must be trained in used computer interfaces

Other Characteristics:

* A progressive and proactive management style must exist at the crossing plazas.
7. Site-Specific Barriers
Several characteristics of border crossings that hinder the successful implementation of

ABCS were given as a response to question seven of the survey. Physical, operational, and other
characteristics were given, and thus will be presented in this manner below.

Physical:

e Where there is no ability to dedicate a lane it is impossible to realize the any benefits from
ABCS.

Operational:

e When there is a high percentage of crossing violations in existence at a particular crossing it
will be difficult to implement ABCS.
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Other Characteristics:

*  The sharing of information is “tricky” when Customs is involved.

»  The degree of cooperation among agencies at the port will dictate successful implementation.

o Ifthere is a lack of interoperability, there is a high probability of an unsuccessful
implementation.

o If there is a lack of participation from users it will be difficult to realize the benefits from
ABCS.



SUMMARY OF FINDINGS FROM LITERATURE AND SURVEYS

The literature review and professional contact survey yielded some relevant findings that
were used to develop the ABCS site selection criteria. The purpose of this section is to provide an
easy-to-reference list of the most relevant findings from this research. It is from this list that the
recommended site selection criteria, of the next section, were developed.

Literature Review

Following is a list of the most relevant findings from the literature review. In addition to the
first section, which contains a general list of findings, the section also contains three sub-sections.
These sub-sections contain a list of the requirements for ABCS implementation found in the
literature.

e Theuse of Dedicated Short Range Communication (DSRC) (or AVI), EDI, WIM, AVC, CMS,
and other advanced technologies can be used to increase the capacity at many border crossings
by expediting the processing at each plaza.

»  Several stakeholders exist at border crossings and are responsible for its operations. The needs
of owners and operators, Customs and Immigration, road authorities, and a number of user
groups must all be considered when developing criteria for ABCS implementation. The full
cooperation of each of these entities will be required for successful implementation.

e Several border initiatives such as NATAP, CVISN, and ADVANTAGE I-75/AVION will be
helpful in harmonizing trade procedures at the borders through the use of advanced technology
and by providing the standards and the means for information exchange.

»  Several user benefits are expected as a result of ABCS implementation. These benefits can be
grouped into four categories: the users, the toll entities, Customs and Immigration, and custom
brokers. Refer to Table 2 for more detail. The amount of benefit depends on the amount of user
participation.

e Two extremes in ITS implementation philosophies exist. One states that ITS technologies be
placed wherever applicable. In the context of ABCS this would mean placing ITS technologies
at all border crossings. Another states that ITS implementation should take place on the local
level where an identifiable public need is met. Both philosophies have advantages and
disadvantages, however, it is the author’s opinion that a moderate approach toward
implementation be followed using both philosophies.

Operational and User Requirements

This sub-section lists the operational and user requirements of border crossings for successful
implementation of ABCS technology.

e The system design must be integrated so that information and technology is usable by all entities
at the crossing.

e The system design must also incorporate other major initiatives, such as CVISN to prevent
“orphan” technologies from developing.

* A high percentage of user participation must exist which is dependent on the benefits incurred
by the user.
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Geometric Requirements

This sub-section lists the geometric requirements of border crossings for successful
implementation of ABCS technology.

»  Some technologies that will be implemented at border crossings have certain geometric spacing
constraints. The geometric constraints are dictated by the specific technology’s data processing
requirements, the vehicles’ deceleration requirements, and the drivers’ information processing
requirements.

e The potential for a dedicated lane or lanes for ABCS participants is necessary for successful
implementation. The dedicated lane will provide incentive for users to participate in the ABCS
pre-clearance process.

e There must be sufficient queuing space prior to the plaza so that ABCS participants can bypass
regular-use lane queues to enter the dedicated lane or lanes.

Non-Technical Requirements

This sub-section lists the non-technical requirements of border crossings for successful
implementation of ABCS technology.

*  Cooperation among agencies at the border must be considered when implementing ABCS. The
agencies must be willing to work together and share information.

e Privacy must be maintained to the best of each agency’s ability, however, privacy must be
compromised to an extent for the full benefit of ABCS to be realized.

e Market-share must not be disturbed.

Professional Contact Survey
This section lists the significant findings from the results of the professional contact survey.

e Several operational problems were identified through the survey. These problems included:
inadequate screening, insufficient capacity at the border crossing plaza, delay due to sequential
processing, data error due to paper based Customs, limited staff, lack of data standards, and poor
communication between trade and Customs agencies.

»  Of the eight professionals who responded, all believed that the benefits of ABCS
implementation would outweigh the costs, while seven indicated that the benefits would
outweigh the costs significantly.

e  The specific benefits given by the respondents all essentially related to the reduction in travel
time, the increase in capacity, and the ability to dedicate staff to more crucial areas in the
clearance process.

»  Though not statistically significant, the survey indicates that two philosophies do, in fact exist
among border crossing professionals. A majority of those surveyed believed that ABCS should
be implemented on a large scale (to most (all) border crossings) while a good portion believed
that implementation should take place only where certain problems exist.
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Dedicated lane potential, limited space available for physical expansion, high truck volumes,
limited staff, inability of DOT to screen properly, trainable staff, and progressive management
styles were identified as characteristics associated with border crossings possessing the most
potential for successful ABCS implementation.

The inability to dedicate a lane, the existence of a high percentage of crossing violations, the
lack of cooperation between agencies, and lack of participation by users were identified as
characteristics of a crossing that would act as barriers to implementation of ABCS.
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RECOMMENDED SITE SELECTION CRITERIA

Through the course of the study, it was discovered that there are, in fact, characteristics
specific to crossings which are associated with success or failure of ABCS implementation and
realization of benefits. The criteria here are guidelines for selecting ABCS sites based on these
findings from the literature review and survey results.

1. An identifiable problem must exist at the border crossing that can be alleviated using ABCS
technology before implementation should be considered.

The author believes that ABCS technology should be warranted in some way before it should be
implemented. Advanced technology is merely a tool that can be used for alleviating certain
problems. To say that ABCS should be installed at every border crossing is like saying that a traffic
signal should be installed at every roadway intersection. Common problems which occur at border
crossings were cited in this study, and are summarized in the Summary of Findings section. Most,
but not all of the problems were caused by high truck volumes exceeding the capacity of the border
plazas. This problem leads to criteria 2 below. The remaining criteria assume that criteria 1 is true.

2. A high truck volume must be present.

The processing of trucks at the border is responsible for a large portion of the delays experienced at
the border. Customs and Immigration inspection, safety inspection, and toll processing based on
weight and vehicle classification can all cause considerable delays if a high volume of commercial
vehicles is present. Using ABCS will directly address the problem of inadequate capacity by
increasing the virtual capacity by six to ten times (17). Based on telephone conversations with
transportation professionals, crossings with greater than 100,000 trucks per year should be
considered for ABCS implementation.

3. A high volume of daily or weekly commuters is present.

Some crossings are located where daily or weekly commutes take place. People commuting across
the border for work, school, shopping, or for social/recreational reasons sometimes experience delays
at the border. These commuters could benefit from ABCS by pre-registering through Customs and
Immigration and the toll agents at the specific crossing.

4. Physical expansion is either not possible or is less feasible than ABCS implementation due to
site-specific constraints.

Given that inadequate capacity is present at a particular crossing border, crossing owners have two
options. They can improve operations by adding more lanes and/or staff or they can implement
ABCS technology. Some sites have specific constraints that limit the physical expansion that is
required for additional lanes. These sites are perfect candidates for ABCS implementation.
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5. The potential for dedicating a lane or lanes for ABCS participants must be present.

For an ABCS system to operate successfully a lane must be dedicated for ABCS participants only.
This lane dedication provides incentive to users to procure pre-clearance and the required technology
to participate. A planning analysis of a particular border crossing must be undertaken to determine
how many lanes to dedicate and whether the remaining regular-use lanes are sufficient for the non-
commuting, non-participating traffic. The lanes must also be designed so that queuing in the regular-
use lanes does not impede entry into the dedicated lane or lanes.

6. The geometric site characteristics must be able to accommodate the technology needed.

Each ABCS technology has requirements such as deceleration length, processing time, and detection
time that must be accommodated with the given geometric characteristics at the border crossing. If
these geometric requirements are not present, implementation may not be possible, especially if
further physical expansion is infeasible.

Successful ABCS technology implementation is dependent on whether:
7. Interagency cooperation is expected at the border crossing of interest;

It is crucial that cooperation exist between the agencies present at the border. An analysis must be
conducted at the border crossing to investigate interagency cooperation potential.

8. Market-share will remain undisturbed between border crossings and businesses within the
region;

If ABCS is installed at one border crossing and significant benefits are realized, the traffic patterns
at this crossing and other border crossings in the region may be affected. Commercial and non-
commercial vehicles may change their route slightly to use a border crossing with ABCS instead of
the one they normally use if a significant difference in travel time can be obtained. As a result, the
market-share between bridge owners may be interrupted. This problem can be expected in regions
where “just-in-time” delivery is prevalent due to the predictable travel times needed. The market-
share may also be disturbed between multiple businesses. For example, if a company receives the
benefit of ABCS at the border crossing that it uses, but the company’s competition does not, the
company receiving benefits may have an unfair productivity advantage and may steal the less
productive business’ market-share. The solution to this problem would be to implement ABCS in
a manner that at least attempts to prevent either of these problems from occurring. This would
require an in-depth analysis of the markets using the border crossing.

9. User participation is expected at the border crossing of interest.
A site chosen for ABCS implementation must have good potential for user participation. User

potential is crucial to realize the potential benefits of ABCS. Participation is expected to grow over
time.
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PEACE BRIDGE CASE STUDY

The following case study will apply the recommended criteria to the Peace Bridge to verify
their applicability.

Background on the Peace Bridge

The Buffalo and Fort Erie Public Bridge Authority is referred to as the Peace Bridge. This
bridge is located near the center of downtown Buffalo, New York and Fort Erie, Ontario where it
crosses the Niagara River. The bridge provides a link for not only passenger cars, but is also a vital
land trade border crossing. Currently, approximately $30 billion worth of trade crosses the Peace
Bridge each year. This figure marks an increase of 43 percent in commercial traffic between 1990
and 1996. In 1992 the Peace Bridge carried 13.8 percent of all the land trade across the Canada-
United States border. In 1996 it carried 61.6 percent of all commercial vehicle traffic on the Niagra
Frontier. The current traffic is expected to double by the year 2020 (14).

Currently, the Peace Bridge has the physical and traffic characteristics listed in Table 6.
However, a “Capital Expansion Program of historic proportions” is being implemented that will add
anew twin span and a pre-arrival facility for commercial vehicle processing into the United States.
As part of the project ABCS technology is also being tested (NATAP).

The Peace Bridge is governed, currently, by a ten-member board consisting of five members
from New York State and five members from Canada. All capital improvement funds and operating
expenses are generated by tolls and rentals of the Peace Bridge and Peace Bridge owned property
and buildings. Other stakeholders at the crossing are Customs and Immigration and the commercial
and non-commercial users (14).

Table 6. Physical and Traffic Characteristics of The Peace Bridge (4, 15).

Bridge Characteristic Quantity/Description
Total Length of Bridge and Terminals 5,800 feet
Number of Auto/Truck Toll Lanes To USA =0/3

To Canada =5/2

Number of Auto/Truck C&I Primary Inspection To USA =10/3

Lanes

To Canada = 17/4
Commercial Vehicle Traffic 1,237,653 trucks per year
Passenger Vehicle Traffic 6,382,875 vehicles per year
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Application of Recommended Criteria
1. Identifiable problem?

More than one identifiable problem does, in fact, exist at the Peace Bridge border crossing.
These problems include data errors due to manual paper-based processing, limited staff and
geometry that is unable to support the sharp increase in traffic demand seen in the last five to ten
years.

2. High truck volumes present?

As shown in Table 6, there are over 1.2 million truck crossings per year at the bridge. This
volume would be considered high (above 100,000 trucks per year) by most transportation officials
familiar with border crossing operations.

3. High daily or weekly commuters present?

There is a high non-commercial volume of traffic of over 6.3 million vehicles per year at the
bridge. Currently the Peace Bridge has Dedicated Commuter Lanes (DCL) in operation known as
(AUTOPASS) which allows pre-clearance of commuters using the border crossing with only a
momentary stop to present I.D. required. The fact that this program has been successfully
implemented, indicates that ABCS clearance has the potential to be even more successful.

4. Feasibility of physical expansion?

The Peace Bridge is located near the center of downtown Buffalo, New York and Fort Erie,
Ontario. Because of its urban location, the potential for physical expansion is limited. The current
expansion project, however, will include some physical expansion of the roadway approaching the
border crossing. A twin span will be added that will provide three additional lanes on the bridge.
This addition will only increase the capacity on the approach to the border crossing. Physical
expansion of the border crossing plazas (increasing the number of lanes at each plaza and/or
increasing the amount of staff for processing) would be very costly and, therefore, infeasible (15).
ABCS implementation is, therefore, the better alternative for alleviating the congestion problems
currently experienced at the bridge.

5. Dedicated lane potential?

There is the potential for dedicated lanes for ABCS participants at Peace Bridge. There
currently exists a DCL for autos through the AUTOPASS program. This lane would continue to be
used as a dedicated lane, but would be upgraded to incorporate the DSRC technology used for more
expedited clearance. For trucks there are two and three lanes in the Canadian and U.S. plazas for
tolling respectively and three and four lanes respectively for Customs and Immigration clearance
(refer to Table 6). With one lane in each plaza dedicated to ABCS use, at least one lane is left for
regular manual processing and toll collection. Figures 2 and 3 show the plaza layouts and the lanes
dedicated at each plaza for ABCS use.
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6. Geometry accommodates the technology?

Through the current NATAP initiative it will be determined if there are any geometric
constraints affecting the implementation of the specific technologies. In reality, the technology can
more than likely be redesigned to fit the geometry at the crossing even if there are some geometric
characteristics that constrain the standard design. Basically, if all other characteristics at the Peace
Bridge are favorable towards implementation of ABCS, the system can be retrofit within the given
geometry at the border crossing.

7. Interagency cooperation expected?

This criteria will be the most difficult to meet, although it will eventually be met. According
to interviews from professionals familiar in some way with the Peace Bridge, interoperability
between agencies is one of the more difficult interagency problems that must be addressed. The
stakeholders are not working with a common understanding of the entire process. Through the
NATAP initiative it is expected that each agency will begin to think about the border crossing
process as one seamless operation in which interagency cooperation is a necessity.

8. Market-share uninterrupted?

The Peace Bridge is located in a region where “just-in-time” deliveries are commonplace.
This means that predictable travel times tend to be more important here than in other border crossing
regions. The market-share issue is, thus, very important. If the Peace Bridge realizes considerable
benefits from ABCS, the market-share between the Peace Bridge and other crossings may be
interrupted. A more in-depth analysis than can be conducted here must be undertaken to determine
which and how many other crossings should be chosen for ABCS implementation to offset this
market-share disruption.

9. User participation expected?

It is expected that users will participate in the ABCS program at the Peace Bridge. This
participation is expected to be fairly low at first until users begin to see that they can benefit from
the procurement of technology and Customs and Immigration pre-clearance. It is expected that
participation will grow from 15 percent of users after one year to 30 percent after two years and 35
percent after three years. This approximation is based on the AUTOPASS program market
penetration and experience with electronic toll collection elsewhere ().

Inferences from Case Study

The case study showed that the Peace Bridge meets or is expected to meet most of the
recommended criteria. From this study it can be inferred that benefits will be realized from
implementation of ABCS at the Peace Bridge. It is, therefore, likely that the Peace Bridge will be
a good candidate site for ABCS implementation. This conclusion is, however, dependent on several
assumptions that have been made. The border crossing must experience significant user
participation and interagency cooperation. The problems that exist that are likely to warrant the
technology, however, unless the assumed criteria do, in fact, exist, the benefits realized from
implementation will be limited.
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CONCLUSIONS

The site selection criteria developed in this paper provide a starting point for transportation
officials responsible for broad implementation of ABCS technology at the Canada and Mexico
borders to the U.S. There will need to be more definite decisions made to determine some of the
specific definitions within the criteria. For example, what is accepted as an identifiable problem
which justifies implementation, and what is considered a high truck volume. The remainder of the
criteria will require an analysis on a site-by-site basis. Interagency cooperation, for example is a
function of the particular site of interest. A set of detailed warrants should eventually be developed
beginning with the criteria recommended in this paper. The actual implementation of ABCS will
follow these warrants and will more than likely involve a trial and error process with extensive use
of lessons learned from field operational tests. Future research on interagency cooperation, user
participation, market-share, and geometric issues should be conducted as the NATAP testing
concludes and deployment begins.
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APPENDIX

Advanced Border Crossing Systems (ABCS)
Professional Contact Telephone Survey

To address operational problems at border crossings between the U.S., Canada, and Mexico,
advanced technologies are being implemented. The intent is to utilize standard pre-clearance
procedures and Electronic Data Interchange (EDI) to facilitate the information exchange between
commercial and Customs and Immigration agencies. Dedicated Short Range Communication
(DSRC), Weigh-in-Motion (WIM), and other advanced technologies will be used at the border for
detection, tolling, and clearance at the border to provide a “seamless” border operation. The group
of technologies used to improve the operations at border crossings is known as Advanced Border
Crossing Systems (ABCS). Advanced technologies, however, are not feasible at every border
crossing. The purpose of this survey is to determine physical, operational, and other characteristics
of border crossings associated with the success and failure of ABCS implementation.

Your response to the questions below would be appreciated. Please attach additional sheets
as needed.

1.  What border crossing(s) is your agency involved with, and what is its role?
2.  What are operational problems currently associated with this (these) border crossing(s)?

3. Would (or have) the use of ABCS solve the problems described in question 2?
A) Yes, to a great extent (benefits outweigh costs significantly)
B) Yes, but only slightly (benefits do (would) not outweigh the costs significantly)
C) No, not at all

4. Briefly explain your reasoning to your answer in question 3.

5. ABCS technologies should:
A) be implemented on a large scale (to most (all) border crossings).
B) be implemented at only a few border crossings where certain problems exist.
C) not be implemented at all.

6. Whatare physical, operational, or other characteristics associated with the border crossings that
demonstrate the most potential for successful implementation and realization of benefits from
ABCS technologies (i.e. the physical space available, amount of traffic using the border
crossing, etc.)?

7.  Are there characteristics specific to certain border crossings that would hinder the

implementation or success of ABCS? If so, what are they?

Figure A-1. Professional Contact Survey.
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SUMMARY

In attempts to provide reliable and usable information about route choice alternatives and to
increase the efficiency of the existing transportation system, several agencies throughout the world
are implementing a variety of technologies associated with the provision of real-time traveler and
route guidance information. Although some drivers will not modify their behavior in response to
information, and each has his or her own tolerance regarding what is considered to be acceptable
delay, the provision of accurate and reliable travel time and route choice information can be used by
most drivers to verify knowledge about recurring congestion on primary routes, compare alternative
routes, justify an alternative route, modify departure time, or choose to telecommute.

In-vehicle route guidance systems (IVRGS) can identify routes using “shortest-path”
strategies. Like transportation planning models, [IVRGS operate under the strategy that travelers seek
routes that minimize their generalized cost; the route that can satisfy this objective is typically
referred to as the shortest path. Travel time is typically used to define the generalized cost incurred
by drivers, although distance and costs related to toll facilities or road pricing can also be modeled.

Although IVRGS operate under the assumption that drivers will use the shortest path
approach, the reality is that individual drivers choose among competing routes based on a variety of
factors. The objectives of this research were to identify the attributes that influence travelers’ route
choice decisions and to evaluate the propensity of travelers to modify their route choice behavior
based on the delivery of route choice information and the characteristics of the individual driver and
of the commute.

Based on the findings included in this paper, it is recommended that the information provided
to travelers through real-time traveler information and in-vehicle route guidance systems should:

*  Dbe provided in a variety of media to address the varying cognitive skills of travelers;

* use the most up-to-date traffic flow conditions;

» allow drivers to make decisions in a timely manner;

* Dbe based on a detailed roadway network to account for arterial street alternatives;

» allow drivers to access information about specific route attributes, such as travel time, travel
time variability, the number of traffic signals or stops along the route, congestion, distance
traveled, monetary costs, number of turns, hierarchy, and safety;

* provide information about the source and expected length of delay related to an incident;

» allow adriver to verify his or her knowledge about traffic flow conditions on his or her primary
route;

*  Dbe available both pre-trip and en-route; and,

» allow adriver to either make his or her own route choice decision based on knowledge of route
attributes and travel times or to accept route guidance information provided by the system.

It is also recommended that future route guidance systems be developed in a manner that
allows the system to “learn” individual users’ preferences for route attributes, alternative routes, and
surface street short-cuts.



The incorporation of these options into a route guidance system will enable drivers to access
information that is timely, current, accurate, relevant, reliable, and targeted to the specific needs of
the individual driver. These recommendations will allow for the provision of route choice and
guidance information in a manner that may influence commuters’ choice behavior. The feasibility
and implications of these recommendations are discussed further in this paper.
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INTRODUCTION

The emergence of a variety of technological and practical advances during the last 10 years
has enabled the development of dynamic, real-time, and multiple path routing strategies that may
improve the effectiveness of transit and in-vehicle route guidance systems (1). Several route
guidance systems have been implemented and are being tested throughout the world; two in-vehicle
route guidance systems (IVRGS) have been tested in the United States: the TravTek system in
Orlando, Florida and the ADVANCE system in Chicago.

Each has the ability to influence drivers’ route choice behavior and may affect these changes
in a different manner and it has been suggested that route guidance systems can benefit the operation
of a transportation system in the following ways (2):

* improving travelers’ knowledge of the transportation network and mode choices and helping
them identify efficient routes;

* reducing congestion;

* linking route guidance systems with traffic control systems and road pricing systems to allow
each system to operate more effectively; and,

» discouraging use of routes that are environmentally or politically sensitive.

The effectiveness and application of the last of these, routing in a “system optimal” manner
to discourage drivers from environmentally sensitive routes, has been the subject of debate for many
researchers and practitioners. Many transportation professionals feel that, even with the promotion
of environmentally sensitive/system optimal routing strategies, many drivers may recognize that the
advised route is not the best for the individual traveler. For this reason, it is unlikely that any IVRGS
will include the routing of private vehicles in a manner that provides overall benefits to the
transportation system. However, the first three benefits, as described above, hold a great deal of
promise for improving the operation of transportation systems in an era where creative solutions are
necessary to address declining funding and increasing single-occupancy vehicle use throughout the
nation.

In the IVRGS that have been and are being tested in Europe, Japan, and the United States,
routes between specific origin/destination pairs are identified using “shortest-path” strategies. Like
transportation planning models, the models that have been used to route vehicles in these systems
operate under the strategy that a traveler seeks routes that minimize his or her generalized cost; the
route that can satisfy this objective is typically referred to as the shortest path. Travel time is
typically used to define the generalized cost incurred by drivers, although distance and costs related
to toll facilities or road pricing can also be modeled. However, during the last 30 years, several
empirical studies of the factors (in addition to travel time) that affect drivers’ route choice behavior
have been done. Examples of these factors include:

» atraveler’s ability to identify and willingness to use alternative routes;

» the provision of up-to-date traffic information;
» traveler’s knowledge about recurring and incident-related congestion;
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* the decision-making process used by drivers to choose routes; and,
*  route attributes and preferences.

A better understanding of the effects of travelers’ decision processes (especially as related
to the type and location of the provision of route information) and route attributes on route choice
behavior is essential to the successful implementation of route-guidance systems.

Purpose and Scope

A variety of algorithms can be used in IVRGS to identify the “best” route through a
transportation network; however, each of these algorithms is based on a purely mathematical
definition of a unique route. According to a mathematical definition, two paths between a given
origin and destination that do not traverse exactly the same nodes in the same order are considered
unique (3). However, this definition does not correspond to the manner in which travelers identify
competing routes and subsequently choose between two or more routes. In practice, drivers often
make route choice decisions based on prior experience, perceived travel times, and personal
preference. In recognition of this disparity, the objectives of this paper were to:

+ identifythe attributes that influence travelers’ route choice decisions and examine the feasibility
of including these in an IVRGS;

»  evaluate the propensity of travelers to modify their route choice behavior based on the delivery
of the route choice information (e.g., how and when the information is provided) and the
individual driver characteristics and behavior; and,

» discuss whether IVRGS will attract the number of users necessary to make the infrastructure
investments required to provide quality, real-time traveler information.

The central hypothesis of this paper is that the inclusion of commuters’ route choice behavior
may improve the effectiveness of IVRGS.

The scope of this research is limited to the identification of the attributes that influence
travelers’ route choice decisions and the propensity of travelers to modify their behavior in response
to route choice information. Although transit routing strategies were reviewed, this research
primarily focused on IVRGS and the provision of real-time traffic information to commuters in
urban areas.

Organization of Report

Following the introduction, this report consists of five primary sections. An overview of the
manner in which routes and transportation networks can be modeled and the algorithms that can be
used in IVRGS is included in the first section of the report. A discussion of the route attributes that
influence commuters’ choice behavior is provided in the second section. The influence of real-time
travel information on commuters’ choice behavior is discussed in the third section. The
characteristics of the individual driver, the commute, and the transportation system that affect a
commuter’s propensity to change routes are also identified. The feasibility of a series of
recommendations is provided in the fourth section. Finally, the results of this paper and
recommendations for further study are summarized in the fifth section.
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OVERVIEW OF THE MODELING OF ROUTE CHOICE BEHAVIOR

Recent studies indicate that unnecessary travel costs more than $80 billion per year in the
United States and approximately £600 million in England given the costs of accidents, pollution, and
unnecessary vehicle miles traveled (4). It has been theorized that this unnecessary travel may be
attributable to the fact that many travelers do not use route choice criteria that minimize cost or time
when selecting routes. Some travelers do not have the necessary cognitive skills or access to the
appropriate information to select optimum routes, and others fail to follow planned routes because
of cognitive deficiencies in formulating or storing route descriptions and deficiencies in the
transportation information system.

In attempts to provide reliable and usable information about route choice alternatives and to
increase the efficiency of the existing transportation system, several agencies are implementing a
variety of technologies associated with Advanced Traveler Information Systems (ATIS). The
successful implementation of these technologies depends on an understanding of the factors and
decision-making processes that influence travelers’ route choice behavior.

The consideration of travelers’ route choice behavior can be used to determine the
appropriate location and wording of static guide signs and variable message signs and the method
in which static and dynamic route information should be conveyed to travelers in both pre-trip and
en route applications. The modeling of route choice behavior can be used in planning models to
assess changes in travelers’ behavior in response to transportation system changes, such as roadway
or transit system improvements and road/congestion pricing, and in dynamic, real-time models to
determine the extent to which drivers may be influenced by the various methods available of
providing information to travelers.

A travelers’ route choice behavior can be characterized as the process through which he or
she identifies possible modes and routes that can be used to reach a destination, how he or she
behaves in unfamiliar environments, what aids are used to identify the appropriate route, and what
criteria are used to evaluate a series of alternatives. Consequently, the understanding of route choice
behavior requires the evaluation of the following questions (4):

*  How do travelers choose routes?

*  What do they know about the transportation network (e.g., the available modes, the alternative
routes)?

*  What travel, environmental, and personal characteristics play a role in the route selection
process?

In seeking to answer these questions, this paper provides a summary of the various factors
and route attributes that affect a traveler’s route choice behavior and propensity to modify route
choice and/or departure time. The extent to which these attributes can be incorporated into an in-
vehicle route guidance system is also hypothesized.
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Definition and Representation of a Route

In the routing algorithms that can be used in IVRGS, the rules by which motorists choose
routes need to be defined. In practice, the problem of route choice faced by drivers is very complex
because of the large number of possible routes in a transportation network and the complex pattern
of overlap among alternative routes (5). Further, realistically representing human decision-making
processes regarding route choice in mathematical models is difficult because of limitations in
computational resources and the understanding of the cognitive factors, preferences, and habits
associated with travelers’ behavior.

In recognition of these limitations, the representation of route choice in planning models and
IVRGS typically assumes that motorists choose the shortest path. The shortest path between a given
origin/destination pair is the path that minimizes the drivers’ generalized cost (e.g., travel time,
distance, out-of-pocket costs). The representation of route choice in this manner assumes that
drivers are:

e aware of the existence of the route;
»  able to recognize the route as the shortest/optimal path; and,
+ willing to use the route.

However, as discussed in the next sections of this paper, there are several attributes in
addition to the minimization of travel time that affect drivers’ route choice behavior. The ability to
incorporate these attributes is also discussed.

Routing Algorithms

A variety of algorithms can be used in route guidance systems to identify routes between an
origin/destination (O/D) pair. The manner in which multiple routes between an O/D pair are
identified and the limitations associated with path selection and differentiation in several of these
algorithms is discussed below.

In route guidance systems, more than one route may need to be provided to a user. One
example of this is the routing of emergency medical service (EMS) vehicles through the use of real-
time traffic information provided by Intelligent Transportation Systems (ITS). EMS drivers need
to be provided with a variety of route choices because several criteria, such as factors related to travel
time variability, in addition to minimizing the travel time may need to be examined to select the most
appropriate route. In-vehicle route guidance systems can identify multiple routes between a given
origin and destination in order to route travelers in a manner that avoids excessive delays related to
an incident or congestion.

Route guidance systems may determine multiple routes between a given O/D pair in one of
three ways. First, multiple routes can be identified by calculating all of the possible routes between
an O/D pair. According to a purely mathematical definition, two paths that do not traverse exactly
the same nodes in the same order are considered unique (3). There can be a multitude of routes
between a given O/D pair in even a small roadway network; consequently, this task can be
extremely time-consuming and impractical.
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Second, multiple routes can be identified by limiting the search area used to identify routes
between an O/D pair. For example, in the ADVANCE in-vehicle route guidance experiment the
search area was limited to higher functional class roadways (6). Limiting the search area can be
accomplished through the application of a “reasonable path” algorithm. Although reasonable path
algorithms, such as the one postulated by Dial (7), reduce the number of paths that need to be
enumerated, they also do not ensure that routes will be identified in a manner that is consistent with
drivers’ choice behavior.

Finally, multiple routes can be identified by applying a k-shortest path algorithm. However,
this solution also may not yield results that are consistent with drivers’ choice behavior. For
example, the minimum time path between a given O/D pair may include several roadway links on
a highway; however, the second shortest path that is identified may be to exit the highway and then
to immediately reenter it (8). Although from a mathematical standpoint these routes are different,
from a practical standpoint the second route is clearly unrealistic.

Regardless of the assignment type, the reasonableness of the routes is rarely examined even
though the mathematical definition does not correspond to the manner in which drivers identify
competing routes and subsequently choose between two or more routes. In practice, drivers often
make route choice decisions based on prior experience, perceived travel time, and personal
preference, as will be discussed in the next section of this paper.
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FACTORS THAT AFFECT TRAVELERS’ ROUTE CHOICE BEHAVIOR

A number of factors are thought to influence travelers’ route choice behavior in the absence
of traveler information or route guidance systems, such as:

* atraveler’s ability to identify and willingness to use alternative routes;

» atraveler’s knowledge of recurring and incident-related congestion;

» the ability of a traveler to plot out an entire route before leaving the origin point or make
decisions at junctions as he or she encounters them; and

» the specific route attributes to which drivers are attracted.

Factors that are related to the use of alternative routes and the provision of route guidance
information are reviewed in the next section of this paper. Several of the specific route attributes
to which drivers are attracted are identified in this section of the paper. This synopsis is based on
a synthesis of several stated preference surveys, evaluation of route guidance systems, and ATIS
simulation experiments that have been conducted throughout the United States and Europe. The
feasibility of incorporating these attributes into an in-vehicle route guidance system is discussed in
the fourth section of this paper.

Introduction

As discussed in the previous section of this paper, drivers’ route choice behavior is
represented in [IVRGS and planning models by the identification of the shortest path. The shortest
path is identified as the route that minimizes a driver’s generalized cost. A driver’s generalized cost
is typically a function of travel time and, where applicable, out-of-pocket costs associated with
road/congestion pricing or toll facilities.

However, it is well recognized that different drivers select different routes when traveling
between the same places (9). This can be partially attributed to the fact that each driver incorporates
different features into his or her individual generalized cost function and perceives these features in
different ways. Consequently, the different attributes associated with alternative routes do not each
have the same importance in a driver’s selection of a preferred route. Several researchers postulate
that a driver formulates a set of attractive alternatives and selects a preferred route from this set that
best satisfies his or her individual needs, personal constraints, and preferences (10).

Although it has been recognized that it is very difficult to make generalized conclusions
regarding the validity and relative importance of route choice attributes because of the different
manners and contexts in which these attributes have been studied, the intent of this section of the
paper is to identify attributes that are commonly cited as influential in drivers’ behavior and to make
inferences about the feasibility of including these attributes in IVRGS. In the future, it may be
possible to customize the route choice information that is provided to individual drivers and to
incorporate a variety of route attributes in the generation of route alternatives in order to make ATIS
more useful to drivers.
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Consideration of Route Attributes

In most studies, the minimization of travel time is recognized as one of the most important
factors that influence route choice behavior, especially in home-to-work and work-to-home trips.
In fact, some researchers hypothesize that 60 to 80 percent of the routes actually used by drivers can
be explained through the incorporation of time and distance in the generalized cost function; the
unexplained portion can be attributed to differences in individual perceptions or imperfect
information about route costs or errors (9). However, a survey conducted in England revealed that
70 percent of drivers surveyed indicated two or more attributes affected their route choice behavior

(11).

In addition, several studies have been conducted that emphasize the need to consider other
factors in addition to travel time in order to improve the effectiveness of route guidance information.
Two examples of these studies are a survey conducted in Los Angeles in 1992 and the evaluation
of the ADVANCE project in Chicago.

In Los Angeles, a.m. commuters were surveyed to determine the route attributes that are
considered important in route choice, drivers’ willingness to use ATIS, and the effect of advanced
traffic information on route choice. Questionnaires were customized and distributed to each
individual according to each respondent’s origin, destination, and primary route, and each driver was
asked to compare a computer-generated minimum path route to his or her primary commuting route.
The results of the survey indicated that only 10.5 percent of the drivers used the same route as that
generated by the computer, 54 percent of respondents had used the same route as that generated by
the computer at one time, and 29 percent had used part of the route (12).

Each survey respondent was also asked to provide reasons why he or she did not use the
computer-generated route as his or her primary route. The most common reasons cited were:

*  primary route is faster (62.9 percent);

»  primary route is shorter (37.8 percent);

» travel time is unpredictable on the computer-generated route (37.1 percent); and,
*  primary route is safer (28.7 percent).

Based on the results of the survey, the researchers concluded that, although the comparison
of perceived attributes of the primary and the computer-generated routes revealed a bias toward the
primary route, a traveler information system that provides commuters with information about the
specific attributes of alternative routes could alter drivers’ perceptions and subsequently route choice.

Another study that emphasizes the importance of considering alternative routes is based on
the findings of the focus groups conducted shortly after the participants had used ADVANCE-
equipped vehicles for a 2-week testing period. ADVANCE (Advanced Driver Advisory and
Navigation Concept) is a public-private partnership in Chicago, Illinois in which an in-vehicle route
guidance system that was designed to provide drivers with real-time traffic and navigation
information was developed and tested.
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Many participants in the focus group felt that the advice provided by the ADVANCE system
was not adequate; some of the routes that were provided were longer in time and distance than the
driver’s primary route. Often the routes were not the most direct and logical; therefore, many of the
drivers diverted back to their primary route. These problems were attributed to errors in the database
as well as to the algorithm selected to replicate route choice behavior (the ADVANCE system
assigned drivers to the minimum path on higher level roadways) (6).

Many participants expressed interest in more driver control over route planning, especially
until the information became more reliable and logical and because many of the drivers set their own
criteria for selecting a route. These criteria included: minimizing time and/or distance, avoiding
signals, the desire to keep moving, avoiding a particular street or street type (e.g., toll facilities,
expressways), and avoiding left-turns and/or grade crossings.

A number of additional studies conducted during the last 30 years have investigated the
attributes that influence route choice. Rather than describe the specific findings of each study in this
paper, a summary of the identified attributes that influence route choice behavior is provided in
Table 1. It is intended that the information provided in this table will provide a list of the most
common attributes that drivers consider to be important. Where applicable, the relative importance
of each of the factors, as identified by the study participants, is also included.
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Quantification of Route Choice Attributes

As indicated in Table 1, some of the attributes of individual routes that are most commonly
cited in the literature as influencing route choice behavior include: minimization of travel time, travel
time variability, minimizing the number of traffic signals or stops along the route, minimizing the
distance traveled, monetary costs, number of turns, hierarchy, and safety. Other attributes that have
been identified include scenery, the desire to maintain a consistent speed, road quality, and signing.
The ability to quantitatively or qualitatively describe each in route guidance is described below.

Travel Time

The majority of studies cited minimizing travel time as one of the most important factors
influencing commuters’ route choice and, as discussed previously, many models base route choice
behavior on travel time. One of the difficulties in providing real-time travel information to travelers
is the methodology by which travel times are estimated.

Travel time information can be provided based on historical data through the use of a static
model. This approach can be used on roadways where there are no incident detection capabilities,
such as aerial surveillance, or loop detectors that can be used to estimate current travel times. The
primary limitation of using historical travel time information is that it can not account for temporal
variations in traffic flow; therefore, this approach cannot account for the effects of differences in
departure times or factors that relate to travel time variability. Consequently, information based on
historical travel time information may not be as useful to commuters. Commuters are typically
knowledgeable regarding travel times associated with recurring congestion and may seek information
to either confirm expectations about the commute or to form new expectations based on information
about incidents.

Travel time information can also be estimated based on a combination of historical data and
the most current travel time information. Up-to-date travel time information can be provided
through the use of a variety of monitoring techniques, such as probe vehicles, incident detection
algorithms, information from loop detectors, incident reports from police and emergency services,
and video surveillance. In order to provide accurate information to commuters, this approach
requires significant infrastructure investment and cooperation between traffic management centers
and emergency services.

Ideally, the travel times that are provided should be based on predicted conditions. However,
the provision of reliable predictive information is extremely difficult in congested networks because
actual network conditions in future time segments will depend on the manner in which drivers
respond to information and traffic flow conditions.

Regardless of the manner in which travel times are estimated, [IVRGS are limited in their
ability to identify the shortest path in a network by the level of detail included in the network. The
extent to which lower level roadways (e.g., arterials and major collectors) are included in a
transportation network is largely a function of the application.
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Travel Time Variability

One of the most difficult route attributes for travelers to estimate and account for is travel
time variability. Unknown variabilities in travel time have important implications on the ability of
a commuter to arrive at his or her destination in a timely manner and on the routing of emergency
medical service vehicles. Variability in travel time may be attributable to a variety of factors, such
as the presence of incident-related versus recurring congestion, rail crossings, draw bridges, roadway
and bridge construction, special events, and the probability of stopping at traffic signals.

To account for unknown variabilities in traffic, drivers may consult a variety of information
sources, such as highway advisory radio, changeable message signs, or traveler information systems,
in an attempt to predict the travel time conditions that may be expected in subsequent periods;
however, predictions of variability based on use of information sources are subject to the most up-to-
date conditions regarding special events, construction, or incidents that have recently occurred.
Information sources cannot be used to predict the probability of the occurrence of an event that may
cause additional travel time delays on a particular route.

Quantification of travel time variability in an IVRGS is difficult. Dynamic, microscopic
models can be used to estimate the probability of having to stop at an intersection and to predict the
effect of incidents or special events on traffic flow; however, to truly model travel time variability,
the probability of a specific event (such as an incident, rail crossing) occurring would need to be
modeled and accounted for in the prediction of travel time information.

Signals/Stops

The avoidance of traffic signals and/or stops is cited in most of the reports as influencing
route choice behavior; however, as shown in Table 1, avoidance of signals/stops has been identified
as a secondary factor in several studies. Several of the route attributes identified in these studies are
not independent of one another. As such, avoidance of signals and stops may be related to
minimizing the potential for travel time variability, the desire to maintain a consistent speed, and the
fact that many travelers plan the routes in accordance with the functional hierarchy of the roadway
system. Many studies recognize that a driver selects higher functional class roadways (such as
expressways) for the majority of his or her trip and uses local roads near the origin and destination.
By nature, higher class facilities are typically associated with higher posted speeds and fewer traffic
signals or stop signs per mile.

The possibility of having to stop at a stop sign or a traffic signal can be represented merely
by the number of times that a stop sign or traffic signal is encountered on a route. However, this is
somewhat of a simplifying assumption because not all drivers who travel through a particular signal
have to be stopped. As an alternative, the stop rate of an individual driver at a signalized intersection
can be quantified based on an approach developed by Akgelik (13).

One of the difficulties in providing information about being delayed at a traffic signal is
similar to the provision of predictive travel time information. To truly account for the time-
dependent and physical nature of queues at signalized intersections and their effects in limiting the
amount of traffic that can travel downstream, differences in departure times and the manner in which

B-11



drivers react to queues and delays and the provision of information need to be estimated. For this
reason, it may be more practical to provide information about the number of signals along a
particular route.

Hierarchy

As discussed previously, many studies recognize that a driver selects higher functional class
roadways (such as expressways) for the majority of his or her trips and uses local roads near the
origin and destination. Two reasons may be used to explain why drivers rely on hierarchical trip
planning.

First, many transportation systems are planned and designed in conformance with the theory
that form follows function (14). Higher class facilities are designed in a manner that facilitates
mobility, while lower class facilities are designed to serve as access to adjacent properties. As such,
the facilities that are used by a driver are related to trip length. Most drivers expect that roadways
that serve mobility needs should have higher speeds and capacities than roadways that serve access
needs.

Second, behavioral scientists postulate that an individual’s level of route cognition is higher
in heavily used areas, such as near home or work; subsequently, these areas are relatively limited,
scattered, and different for each individual. As aresult, on a network-wide basis, each driver’s level
of route cognition may be relatively low and therefore individual drivers may not be aware of local
alternatives (4).

To account for hierarchical trip planning, IVRGS routing algorithms can limit the search area
used in identifying alternative routes to higher class facilities. Some of the problems associated with
this technique have been described previously in this paper in the description of the ADVANCE
focus group.

Distance

As indicated in Table 1, several studies identified travel distance as a secondary factor that
influences route choice behavior. Many studies indicate that minimizing travel time is a more
dominant criterion in route selection than minimizing the total travel distance. In fact, 80 percent
of the respondents of a motorist survey conducted in Houston, Texas indicated that they travel a
greater distance to avoid congestion on an occasional basis (15).

Theoretically, distance is more of an influential factor in the selection of the specific
destination and the facility types used rather than the route itself. In non-commute trips, such as
shopping and recreation, a traveler may choose to shop at a particular location because of its
proximity to his or her home or work; however, a commute trip has a fixed origin and fixed
destination; therefore, it is logical to assume that the route that minimizes the travel time between
two points is not a route that is illogical in terms of total travel distance.

The identification of a route that minimizes total travel distance can easily be computed

through the use of a shortest-path algorithm based on distance rather than travel time. The
minimization of distance does not account for the effects of recurring and incident-related congestion
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on travel times; therefore, criteria related to distance may be more applicable in transit-routing
situations in which the alternatives between a specific origin and destination are limited by the transit
service that is provided.

Turns

Several studies indicate that drivers may select routes that minimize the number of turns
(especially left-turns) that must be made to reach a destination. The inclusion of turns in some
drivers’ route choice criteria may be based on two primary factors.

First, drivers may prefer to follow a simple, direct route between an origin and destination;
the incorporation of several turns and subsequently the use of several different roadways increases
the frequency of the need for the driver to concentrate more on navigation, the most complex level
of information processing required as part of the driving task. Drivers may also select routes that
minimize the number of turns because of the additional delays that are typically experienced by left-
turning drivers at intersections.

Turning movements can be identified based on the spatial representation of nodes and links
in a network model. For example, a turning movement can be identified according to the angle
formed by the subsequent link vectors in a network.

Safety

Several studies identified safety as a secondary route attribute that influences route choice
behavior; many studies reported that safety is more often cited by females as an important attribute
in route choice than males. Most often, in stated preference surveys, drivers indicated a preference
for a specific route because it was “safer.” There is no recognized definition of a “safer” route; this
is a subjective attribute that can be take on a variety of different meanings for each individual driver.
Therefore, its quantification is difficult.

One researcher has suggested that a GIS model can be used to construct indices that relate
the characteristics of an individual driver to the demographics of a zone (16). However, the
development of these indices will also be somewhat subjective.

Monetary Costs

As indicated in Table 1, out-of-pocket costs can also influence route choice behavior. The
influence of monetary costs has been the subject of recent debate because several jurisdictions
throughout the country are evaluating the effect of congestion pricing systems on traffic flow
patterns. The quantification of monetary costs in IVRGS routing algorithms can be based on the
representation of an individual driver’s value of time. The value of time can be represented through
the use of a choice model.
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Other Factors

Several other factors have been identified by a number of studies. Many of these factors are
largely subjective and therefore difficult to quantify and include in a routing algorithm. These
include: scenery, commute enjoyment, and personal habit.

Evaluation of Route Attributes in Current ATIS Applications

A variety of traveler information systems have been and are being implemented throughout
Europe and the United States. Several major metropolitan areas, such as Seattle, Atlanta, and
Houston, provide access to real-time travel information on freeways through the use of the Internet.
In these applications, up-to-date travel time information is often provided through the use of'a color-
coded map of the metropolitan area that travelers can use to make route choice and/or departure time
decisions.

In other areas, such as Boston, Washington, D.C., Cincinnati, and Philadelphia, commuters
can also access information about expected travel times through a phone-based system. In these
metropolitan areas, an operator or automated message system provides information about a particular
route. Although there are no formal routing recommendations included in these systems, an operator
may occasionally recommend an alternative route (17). Similar systems will be implemented in the
near-future in New York City, Minneapolis, and Detroit (18).

These systems provide drivers with access to real-time traffic information on which to base
their decisions, but do not provide any information about other route attributes that are considered
important in route choice behavior. Many of these systems provide information only about freeways
and drivers may already be familiar with the route attributes associated with these types of roadways
in metropolitan areas.

Some jurisdictions also provide travelers with routing information for public transit systems.
Ventura County, California, provides an interactive transit routing system on the Internet. Metro,
in Seattle, provides transit routing information through a phone-based system and is currently in the
process of developing an on-line routing system (19).

Finally, two in-vehicle route guidance systems have been tested in the United States. The
first system, TravTek, was tested in Orlando, Florida. As part of the demonstration project, General
Motors equipped AVIS rental cars with route guidance equipment. The objectives of the test were
to provide navigation advice and information about the location of local attractions, restaurants, and
hotels to unfamiliar drivers.

In Chicago, the objective of the ADVANCE system pilot test was to investigate the effects
of in-vehicle real-time route guidance advice on drivers that were familiar with the network structure
and congestion patterns. Participants were selected from a list of volunteers based on their trip-
making intensity and schedule availability. The original proposed project was to include equipping
more than 3,000 private vehicles with in-vehicle route guidance systems for 12 to 18 months.
However, because of delays associated with project development and scheduling, only 80 households
were selected to participate for a 2-week period (6).
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Three focus groups that were conducted with participants in the study yielded the following
findings in addition to those discussed elsewhere in this paper:

*  both the driver and the on-board computer provide unique information and capabilities that can
be used in the route choice task;

* adriver’s routing criteria may be different for different trips and may even change during a
single trip;

» drivers expressed an interest in the development of a computer system that could “learn” each
user’s route choice criteria; the development and use of this type of system could decrease the
likelihood that a large proportion of drivers would divert to a single facility;

» although drivers are knowledgeable about recurring congestion, information about incident-
based congestion needs to be provided by the route guidance system; and,

»  drivers’ familiarity with the network suggests that most drivers will be able to detect and likely
resist information about system optimal routes.

The findings from the focus groups emphasize the need to incorporate and provide
information about other route attributes, in addition to travel time, to increase the effectiveness of
future ATIS applications. These conclusions also support a survey of drivers in several major
European cities, which indicated that drivers felt that if they had access to real-time data, they could
outperform an in-vehicle route guidance system (2).

Implication of Findings

As discussed previously, shortest path strategies employed in planning and IVRGS routing
algorithms assume that a traveler chooses a route that minimizes his or her generalized cost.
Generalized cost is based on total travel time and out-of-pocket costs related to toll facilities and/or
congestion pricing projects, where applicable.

Although several of the route attributes identified in this section of the paper can be
quantified in a static or dynamic model, the incorporation of those attributes into a generalized cost
function can be difficult. Incorporation of one or more of the attributes requires specific information
regarding the relative importance of each attribute for each individual driver. Some researchers have
used the results of stated preference surveys conducted in specific urban areas to develop choice
models for use in research settings. However, the choice model developed for one area is typically
not transferable to other urban areas because of the unique attributes associated with each
transportation system.

It is also difficult to develop a choice model that is representative of all drivers in an urban
area because each driver places a different level of importance on different attributes. For this
reason, route guidance systems should incorporate the capability to quantify a number of route
attributes and to provide information about these attributes to the driver. This will allow the driver
to weigh the prevailing traffic conditions and each of the attributes to make an informed route choice
decision or to asses the route provided by a guidance system.



CHARACTERISTICS THAT AFFECT TRAVELERS’ PROPENSITY TO MODIFY
ROUTE CHOICE BEHAVIOR

A number of empirical studies and stated preference surveys have been conducted to evaluate
the propensity of travelers to modify their route choice behavior in response to route choice
information provided by highway advisory radio, changeable message signs, and travel time
information provided on the Internet and on television. These studies have identified a number of
factors that may be relevant to a traveler’s willingness to modify his or her behavior. Examples of
these factors include the method of delivery of the route choice information, the type and extent of
information presented to the driver, the driver’s familiarity with the network, the characteristics of
the commute, and the individual driver characteristics.

A review of the applicability of the factors that influence travelers’ propensity to modify their
routes in ATIS and ATMS applications, especially in in-vehicle route guidance systems, is provided
in this section of the report. These factors were analyzed with respect to their influence on travelers
to modify their mode choice (including telecommuting), departure time, and route choice, where
applicable.

Provision of Route Information

There are several sources of information available to drivers on which to base route choice
decisions. Drivers can rely on “low-technology” sources, such as personal experience, word-of-
mouth advice, or reports in the media regarding locations of construction or special events that may
affect congestion on specific routes. During the last 37 years, several technologies have been
developed and implemented throughout the country to provide drivers with improved information.
Examples of these technologies include: traffic information broadcasting systems, highway advisory
radio, telephone call-in systems, pre-trip electronic route planning systems, changeable message
signs, and in-vehicle route guidance systems.

The primary advantage of using the advanced technologies is that they can provide drivers
with up-to-date traffic conditions based on information compiled from a variety of sources, such as
aerial surveillance, police, emergency and medical services, probe vehicles, and incident detection
algorithms. Improved information about traffic conditions offers the potential to reduce delays and
unnecessary travel and can assist drivers with a variety of pre-trip and en route decisions.

Access to pre-trip traffic flow information can enable commuters to make informed decisions
about whether to travel or to telecommute, what time to depart, what mode to use, and what route
to follow. In non-work trips, access to pre-trip information may also influence travelers’ destination
choice. Access to en route information can be used in decisions about route and mode choice (e.g.,
deciding to drive to a park-and-ride lot and transfer to a bus or rail system) and, in the case of non-
work trips, destination choice decisions. En route information can be received voluntarily, such as
through the use of route guidance systems, or passively (e.g., changeable message signs).

Although there are several advantages associated with the provision of improved information,
several researchers have noted some of the associated adverse impacts, such as (20):
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* adriver may be unable to process the information to select the optimal route;

e adriver may be distracted by the large amount of available information;

»  driver reactions to information may cause congestion to shift from one roadway to another; and,

» the provision of improved information may reduce the variability in drivers perceptions about
actual network conditions; therefore, drivers with similar preferences may concentrate on the
same routes during the same departure times.

Although sources of improved travel information may offer the potential for travelers to
make more informed decisions and may be associated with a variety of impacts, the extent to which
a driver actually uses the information to modify his or her behavior has been the subject of several
stated preference surveys and simulation experiments. The impact of information provided by in-
vehicle navigation systems and by other sources, such as changeable message signs, phone
messaging systems, and radio broadcast reports, is discussed below.

Early studies indicated the willingness of drivers to receive and use information about traffic
conditions. In a study conducted in England in the early 1970s, the majority of respondents surveyed
indicated a preference to receive traffic information about one or two routes, although less than half
expressed a willingness to use that information in route choice decisions (11). Another survey
conducted in Dallas, Texas in the 1970s indicated that 50 percent of drivers who continued through
incident-related congestion would have diverted if they had received additional information (21).

Not surprisingly, a variety of studies report that a large proportion of commuters today
receive information from traffic reports. A survey recently conducted among Golden Gate Bridge
commuters in the San Francisco Bay Area revealed that 94 percent of commuters receive traffic
information reports (22). However, the willingness of a driver to depart from his or her habitual
behavior in response to this information is varied. For example, results from the Golden Gate Bridge
commuter survey indicated that 45 percent of travelers did not modify their route choice despite
receiving advanced information about incident congestion. In addition, a survey of Massachusetts
Institute of Technology employee commute patterns revealed that only 19 percent of commuters
expressed that route choice decisions were made based on radio traffic reports (10). Although no
specific reasons were stated in either study regarding why commuters did not modify their behavior
in response to the information provided, it is hypothesized that information received on previous
trips had not been up-to-date because of difficulties related to the provision of real-time traffic
information. Route choice behavior is a dynamic, feedback process; therefore, the travelers may have
assessed the reliability of information accordingly.

Other studies have revealed that a traveler who more actively seeks pre-trip traffic
information may be more inclined to use it in his or her decision-making processes. Several
metropolitan areas throughout the United States provide real-time travel time information to travelers
through the use of phone messaging systems, interactive televisions, and the Internet. A survey of
2,000 users of SmarTraveler, a Traveler Advisory Telephone Service in the Metropolitan Boston
area, revealed that the information received through the phone-in system had a direct influence on
48 percent of the respondents’ pre-trip travel decision-making (23), as follows:

* 14 percent changed departure time;
* 12 percent used an alternative route;



* 2 percent canceled the trip;
* 1 percent changed the route and time; and,
* 20 percent used the information to choose between two or more alternative routes.

Most of the other respondents indicated that the information received had been used to verify
that their preferred route would be viable. Another interesting finding from this survey is that 8
percent of the participants contacted other commuters to inform them of delays.

Other studies have been conducted to evaluate the influence of IVRGS on traveler behavior.
The actual implementation of IVRGS is fairly limited, especially in the United States; therefore,
several universities throughout the world have conducted simulator studies that vary the amount and
accuracy of information provided to drivers and ask study participants to make hypothetical route
choice decisions.

In general, many of the studies that have been conducted indicate that a driver’s willingness
to use information to modify his or her route choice behavior depends on the feedback that he or she
had received about the reliability, accuracy, timeliness, and/or relevancy of information that was
provided on previous trips. These studies also emphasize that the level of detail that is included in
the network, the extent to which the information is targeted to the specific needs of the drivers, how
up-to-date the information is, and a driver’s personal perception of the advice or information that is
provided all influence a driver’s propensity to use travel information. Finally, several studies
indicated that drivers may be more willing to divert if they are provided with the cause and the
predicted length of delay related to an incident.

Route Switching Behavior

Several other factors in addition to the provision of real-time travel time and/or route
guidance information influence the propensity of travelers to modify route choice behavior, such as
knowledge of alternative routes, characteristics of the commute, personal characteristics, and the
attributes of the alternative routes (as discussed in the previous section of this report). Several of
these factors are discussed below.

Knowledge of Alternative Routes

Several studies indicate that, although a driver may be biased toward his or her primary route,
he or she is aware of alternatives and may not be committed to a single route. According to the
results of a survey conducted in Dallas, 74 percent of the participants used more than one commute
route during the month-long survey period (21).

Other studies suggest that, although drivers may be familiar with alternative routes, less than
half may use those alternatives. According to the results of a survey conducted in Seattle, 62 percent
of drivers surveyed were very familiar with alternative routes; however, 63 percent of drivers
surveyed rarely changed routes between home and work, while 42 percent rarely changed routes
between work and home. The difference in time-of-day behavior may be attributed to the need to
run errands after work (24).



Characteristics of the Commute

Several studies have also been conducted to evaluate the effects of incident-induced delay
on a driver’s propensity to modify his or her route choice behavior. As expected, the results of these
surveys are varied because different drivers in different metropolitan areas have varying threshold
levels for the tolerance of schedule delays.

Both Huchingson et al. and Mahmassani found that the length of delay that drivers are willing
to tolerate is directly related to the total trip length: drivers who travel longer distances have a wider
“indifference band” to tolerable schedule delay (as summarized in (25)). Mahmassani also noted that
each drivers’ indifference band is related to prior experience and that all drivers must be willing to
accept a certain level of schedule delay to ensure the reliability of on-time arrivals.

A study of Los Angeles morning commuters revealed that 39 percent of the respondents
indicated a willingness to divert from their primary route if they encountered an increase of less than
5 minutes from “normal conditions” (i.e., recurring congestion) (7) while a study in Houston
indicated that delays of 10 minutes or more are necessary for the average driver to justify alternative
routes (195).

On the other hand, a survey of commuters in Seattle revealed that the average response to
length of delay that would cause motorists to divert was 16.3 minutes to known routes and 25.5
minutes to unknown routes (the average commute length varied between 31 and 35 minutes) (24).

Finally, a study by Mannering revealed that 52 percent of drivers faced with severe
congestion during peak hours never change their primary route (as summarized in (4)).

Personal Characteristics

There are also several individual driver characteristics that can influence route choice
behavior such as: age, gender, education, income, personality (i.e., risk-prone, neutral, or risk-
adverse), habits, and driving experience.

A review of a variety of studies revealed that, in general, males place a greater emphasis on
minimizing travel time, are familiar with a greater number of alternative routes, and are willing to
divert sooner than females. On the other hand, females place more emphasis on commute qualities
and are less willing to divert. To this end, females are more likely to seek pre-trip route information
while males are more likely to use en route information. Several studies also indicated that drivers
with higher income and education levels are more likely to use alternative routes and have more
flexibility in their departure time than lower income drivers. Finally, several studies also indicate
that older drivers, males, and lower income drivers are more willing to use route guidance advice.
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FEASIBILITY OF INCORPORATING COMMUTERS’ CHOICE BEHAVIOR INTO
IVRGS

The decision-making process associated with route choice behavior is a dynamic feed-back
process. Information learned on previous trips about areas of recurring congestion, specific route
attributes, and the effectiveness of the real-time travel time and/or route choice information provided
will influence a traveler’s propensity to change his or her route, departure time, and/or mode.

Although it has been shown that some drivers will not modify their behavior in response to
information and each has his or her own tolerance to what is considered acceptable delay, the
provision of accurate and reliable travel time and route choice information can be used by most
drivers to verify knowledge of recurring congestion on primary routes, compare two nearly equal
route alternatives, justify an alternative route, modify departure time, or choose to telecommute. In
order to provide information that can be used by a variety of drivers, real-time travel time and route
choice information should:

* Dbe provided in a variety of media in order to address the varying cognitive skills of travelers;

* use the most up-to-date traffic flow conditions;

» allow drivers to make decisions in a timely manner;

* Dbe based on a detailed roadway network to account for arterial street alternatives;

» allow drivers to access information about specific route attributes;

* provide information about the source and expected length of delay related to an incident;

» allow adriver to verify his or her knowledge about traffic flow conditions on his or her primary
route;

*  be available both pre-trip and en-route; and,

» allow adriver to either make his or her own route choice decision based on knowledge of route
attributes and travel times or to accept route guidance information provided by the system.

Several of the existing route guidance and traveler information systems were evaluated using
these recommendations to assess their ability to influence commuters’ behavior. This analysis is
discussed below.

Evaluation of Current Route Guidance and Traveler Information Systems

As discussed previously in this report, a variety of traveler information systems and route
guidance systems have been and are being implemented throughout Europe and the United States.
Several major metropolitan areas provide access to real-time travel information on freeways through
the use of the Internet. In other areas commuters can also access information about expected travel
times through a phone-based system. In addition, two in-vehicle route guidance systems have been
tested in the United States: TravTek, which was tested in Orlando, Florida and ADVANCE, which
was tested in Chicago.

A critique of the Internet sites and the in-vehicle route guidance systems using the
recommendations discussed above is presented in Table 2. For the purposes of this research, ten
metropolitan areas in the United States were identified that provide up-to-date travel time
information on the Internet. A list of the web site addresses for these sites is provided in Appendix
A.
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Also included in Table 2, is a recommendation for the development of an ideal route
guidance system that would include the capabilities necessary to influence commuters behavior.

Table 2. Assessment of Existing Systems.

Recommendations

Internet Traveler
Information Sites

In-Vehicle Route
Guidance Systems

Ideal System that
Accounts for Choice
Behavior

Address Cognitive Skills

Advantages: Most sites
provide a color-coded
map and textual
information regarding
existing travel
speeds/times on freeways.
Some sites also include
significant landmarks and
important points of
interest on map to provide
orientation. Some sites
provide aerial views from
surveillance cameras to
allow users to form
expectations of commute
based on visual inspection
of traffic flow.

Critique: Although
redundant information is
provided, it may be
difficult to use for
individuals with sensory
or cognitive impairments,
such as color anomalous
vision.

Advantages: Presented
both auditory and visual
information.

Critique: Some users
found auditory
information to be
distracting.

Should allow users to
customize how
information is provided.
System should include
flexibility to: present
information in both an
auditory and visual
format, use color-coded
information to assist users
who have difficulty
understanding textual or
numerical information,
and use easily recognized
symbols to assist users
with cognitive or sensory
impairments. Should also
include significant
landmarks or points of
interest to provide
orientation. Should
provide easy-to-
understand directions
while en route so will not
interfere with driving
tasks.

Use Up-to-date Traffic
Conditions / Use Detailed
Roadway Network /
Verify Knowledge about
Primary Route

Advantages: Provide
information about current
travel conditions on
freeways.

Critique: Estimation of
current travel conditions
(e.g., speed and travel
time) limited by extent of
freeway system that
includes detection
capabilities. Do not
predict travel times.

Advantages. Incorporated
most of the roadways in
urban area.

Critique: Estimation of
current travel times
limited by extent of
system that includes
detection capabilities.
Did not include predictive
capabilities. Most travel
times in roadway system
were based on average
conditions. However,
most commuters are
aware of average
conditions on system.
Errors in data-base
sometimes produced
routes that were not the
most direct or logical.

Should include up-to-date
travel times on freeways
and surface streets to
allow commuters to verify
knowledge of recurring
congestion or to identify
areas with incident-
related congestion.

Should incorporate the
flexibility to predict travel
times.
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Table 2. Assessment of Existing Systems (continued).

Recommendations

Internet Traveler
Information Sites

In-Vehicle Route
Guidance Systems

Ideal System that
Accounts for Choice
Behavior

Incorporates Route
Attributes

Advantages: One site
provides information
about toll facilities.
Another site provides
directions from a specific
origin to a specific
destination; however, no
estimate of travel time is
provided nor can the user
customize the route based
on attribute preferences.

Critique: Most sites do
not include any
information about route
attributes or include route
planning.

Advantages: Routes were
generated based on
minimization of travel
time. Several commuters
may include this attribute
in route choice criteria.

Critique: Problems with
travel time estimation did
not generate routes that
were truly the shortest
path. Did not allow
commuter to incorporate
preferences for route
attributes.

System should include
capability to “learn” each
user’s preferences for
surface street shortcuts
and route attributes.

System should also
include flexibility to
allow user to specify a
different set of route
choice criteria for each
trip.

Provides Incident
Information

Advantages: Some sites
provide information about
location, cause, and
current status of incident
that allows commuters to
form expectations about
effect of incident.

Critique.: Most sites do
not include detailed or
up-to-date information
about status of incidents.

Advantage: Effects of
incidents may have been
accounted for in routing
of vehicles based on
minimal travel time.

Critique: See discussion
regarding travel times.

Should provide
information about
location, cause, and status
of incident to allow
commuter to form
expectations about effect
of incident on traffic
flow.

Should also incorporate
flexibility for computer to
estimate effect of incident
on traffic flow and
provide this estimate to
drivers.

Available Both Pre-Trip
and En Route

Advantages: Internet sites
provide pre-trip
knowledge about current
status of system. Some
sites included cellular
call-in numbers for en
route information.

Critique: Although pre-
trip information allows
user to form expectations
about commute, most
sites do not allow access
to information while en
route. Current, pre-trip
information for segments
near the end of trip may
not be useful to
commuters.

Advantage: Navigational
advice provided to driver
while en route.

Critique: Commuter may
not have been able to
form or modify
expectations about
commute environment.

System should provide
information about route
attributes and
characteristics that allows
commuter to make pre-
trip decisions, such as
departure and route
choice.

System should also allow
commuter to form
expectations about
commute before trip has
begun, to alter those
expectations while en
route, and to modify route
choice accordingly.
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Table 2. Assessment of Existing Systems (continued).

Recommendations

Internet Traveler
Information Sites

In-Vehicle Route
Guidance Systems

Ideal System that
Accounts for Choice
Behavior

Can Use to Make
Decisions or to Obtain
Route Guidance Advice

Advantage: Commuter
can use general
information about nature
of commute to make pre-
trip decisions.

Critique: Most of the
sites did not include route
planning capabilities.

Advantage: Objective was
to provide navigational
advice to drivers.

Critique: Commuters
could not access
information about route
attributes or current
conditions to make own
choices.

Enable commuter to use
computer as intelligent
assistant. Both driver and
computer can bring
unique capabilities to
process.

Allow each commuter to
use computer for
navigation assistance or

to make informed
decisions.

As shown in the table, many of the Internet traveler information sites and the two in-vehicle
route guidance systems that were tested in the United States do not include several of the criteria
recommended as part of this research effort. In addition, the hypothetical system that incorporates
attributes and characteristics that may influence traveler behavior is significantly different than the
systems that are in-place or that have been tested in the United States. For this reason, the feasibility
and implications of including these recommendations into a future in-vehicle route guidance or
traveler information system is discussed below.

The Incorporation of Route Attributes

One of the primary factors that affects commuters’ route choice behavior is the extent to
which the information is targeted to the specific needs of the individual. Future acceptance of route
guidance systems by commuters may depend on the extent to which route guidance systems can
provide commuters with information about specific route attributes and generate routing information
based on individual preferences. Several issues that are associated with the feasibility of
incorporating route attributes are discussed below.

One of the most important factors that needs to be considered regarding the incorporation of
route attributes is the manner in which the information is provided to drivers. In a pre-trip context,
a variety of information about route attributes can be provided to drivers; however, consideration
needs to be given to the ability of drivers to process and use the information effectively. Careful
consideration needs to be given to the media that the information is presented in to ensure that the
commuter will not be overloaded by an abundance of information and to ensure that the commuter
can incorporate pre-trip knowledge into en route decisions.

Providing information regarding route attributes that commuters can use to make decisions
while en route may not be feasible. Attempting to process a significant amount of information about
potential routes while driving may affect a driver’s ability to attend to the control and guidance tasks
associated with driving a car. Like the design issues associated with the placement of static guide
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signs, careful consideration needs to be given to the design of the on-board system to ensure that the
navigation level of driving does not impede the control and guidance tasks. A driver needs to be able
to process the information that is presented in a manner that allows him or her to make timely
decisions. For this reason, the incorporation of route attributes in an en route context should be
delivered in the form of generated routes that are consistent with a driver’s preferences.

Generating routes that are consistent with a driver’s preferences would require the
development of an artificial intelligence system. This type of system would need to allow each
driver to specify the relative importance of each attribute for a specific trip. The system would also
need to “learn” each user’s route choice criteria. The development of a system that could learn a
user’s choice preferences could avoid massive switching from one congested route to another
because, by incorporating individualized route attributes in route guidance, the problems associated
with reducing the variability in driver perceptions can be avoided.

Finally, the successful development of a system that can incorporate individualized
preferences for route attributes would require significant coordination between each of the agencies
in an urban area to ensure that the database that is used to compile the information includes the most
up-to-date information about specific route attributes such as traffic signal locations, areas of
construction, special events, etc.

The Concept of Real-Time Information

As discussed previously, the propensity of a traveler to use information is dependent on the
feedback that he or she had received about the reliability, accuracy, timeliness, and/or relevancy of
information that was provided on previous trips. However, based on a review of the literature, it
seems apparent that there are several questions that remain about the provision of and usefulness of
quality, real-time traveler information. In several urban areas, monitoring capabilities are currently
limited primarily to freeways. However, to truly provide reliable information about route choice
alternatives to commuters, significant infrastructure investments would be required to equip both
surface street and freeway alternative routes with the surveillance equipment and technologies
required to assess up-to-date travel time conditions.  This investment would likely require
significant time and monetary investments in each urban area where IVRGS are implemented.

Although the installation of monitoring technologies on surface streets would provide
benefits to the overall operation of the transportation system, it is questionable whether the benefits
of wide-spread implementation of such a system could outweigh the associated costs. It is probably
more feasible to install monitoring technologies on specified corridors in an urban area as part of
overall improvement projects to the facilities. Incurring the costs associated with the installation of
monitoring capabilities may be justifiable on the basis of improving the safety and operation of the
roadway, with the estimation of current travel times as an ancillary benefit. Until a significant
number of surface street alternatives are equipped with monitoring capabilities, travel times on
surface street alternatives will continue to be based on average conditions combined with
information from police and emergency services regarding incidents. Therefore, commuters cannot
truly evaluate differences between routes, nor can a route guidance system accurately identify the
optimum actual shortest path through a system.

B-24



Regardless of the proportion of the system that is equipped, the real issue that needs to be
addressed regarding the provision of real-time travel information is the inability to predict traffic
flow characteristics during future time intervals. Providing travelers with current travel times on
roadways allows commuters to base route, mode, and departure choice decisions on events that have
already occurred; these conditions are likely to change by the time the traveler encounters them.
Therefore, is real-time information truly being provided? The process of route choice is a dynamic,
feedback process; therefore, determining methods to provide travelers with reliable and accurate
information is paramount to the success of route guidance and traveler information systems.

Some agencies now provide information to travelers about the cause and current status of
incidents. For example, the traveler information Internet site provided by CalTrans and Maxwell
Technologies for Southern California allows users to access information about incidents from a
central dispatch service. Information is provided about the time of the incident, the cause, and the
status of the police and emergency services (e.g., officer on scene, officer has left scene). Based on
previous experiences, drivers can form expectations about the likely duration of the incident and the
expected effects; however, there are no technologies in place today that can predict the duration of
an incident nor the effects on capacity and hence travel time. Future research efforts should be
concentrated on predicting the duration and effects of an incident on capacity from the perspective
of improving the safety and operation of existing roadway facilities. As with providing loop
detectors and aerial surveillance on surface streets, the ability to predict the duration and effects of
an incident can allow for the prediction of travel times as a secondary benefit.

Providing predictive information also requires cooperation between various agencies that
provide freight and passenger transportation in a metropolitan area. Estimates of predictive travel
time information also need to incorporate the expected effects of delays caused by trains crossing
at-grade intersections along arterials, raised drawbridges, the coordination (or lack of thereof) of
traffic signals along a corridor, etc. Clearly, the institutional barriers associated with obtaining and
coordinating information from each agency need to be addressed before real-time guidance systems
can be successfully implemented.

Finally, consideration needs to be given to the reaction of drivers to the provision of travel
time information and to observed conditions in the prediction of travel time information. As
discussed previously, some drivers will not modify their route, mode or departure choices even if
they are provided with advance information about conditions. This could again be attributable to
perceptions about the quality of the advice that was received in the past or to a discomfort in
switching to a route or mode that is less familiar or unfamiliar altogether. Other drivers may
continually be processing perceptions about the commute environment and information received in
attempts to minimize total travel time at each junction encountered. To provide predicted travel
times, drivers’ reactions to information needs to be estimated and combined with information about
events related to travel time variability.
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Evaluation of the Objectives of In-Vehicle Route Guidance

One of the other issues that remains unanswered in the current literature in regards to the
provision of real-time travel information is the identification of the true objectives of route guidance
systems. Should the objectives concentrate on:

1. the education of motorists in an urban area such that commuters can use the information to not
only make decisions about the appropriate route but also to reduce anxiety and to form
expectations about the commute itself;

2. the provision of navigational advice to drivers in unfamiliar areas; or

3. the determination of an optimal routing strategy to reduce congestion on urban freeways and to
reduce the effects associated with wide-spread diversion to another facility?

Each of the above objectives requires varying levels of technology and focuses for future
research and testing. Based on a review of the factors that affect commuters’ choice behavior and
commuters propensity to choose alternative routes, research emphasis should perhaps be focused on
providing information to allow commuters to become more knowledgeable about the commute
environment rather than on optimal-routing strategies. As discussed previously, the decision-making
processes associated with route, mode, and departure choice are very specific to each individual
traveler, the factors that influence behavior may vary even during a single trip, and commuters are
very familiar with areas of recurring congestion in an urban area; therefore, it is reasonable to believe
that commuters’ acceptance of'a guidance system based on optimal routing strategies will be limited.

Commuters’ acceptance of a route guidance system may be based on the ability of a system
to educate and to provide reliable, timely, and relevant information. For this reason, it is essential
that any route guidance systems that are developed and tested in the future include achievable
objectives with merits that can be easily perceived by drivers. Based on the research conducted as
part of this paper, both short-term and long-term recommendations are forwarded for the future
research and testing in the area of route guidance. These recommendations are discussed briefly
below.

Short-term Recommendations

In the near-term, research and testing efforts should be concentrated on the compilation of
detailed databases that will provide unfamiliar drivers with navigational assistance (which is
dependent on the provision of a detailed database and not necessarily on the provision of predictive
travel time information) and provide familiar drivers with information about locations of non-
recurring congestion related to incidents, construction, special events, etc., and about specific route
attributes. This research should concentrate on allowing drivers to form educated expectations about
the commute environment and to continue to shape those expectations throughout the commute
itself.

Near-term research should be primarily concentrated on providing more reliable information
to commuters through the use of existing technology that has been and will continue to be used in
most urban areas, such as highway advisory radio, telephone information systems, variable message
signs, etc. This research will also provide benefits to the future implementation of IVRGS.
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The ability to overcome the institutional barriers associated with the coordination of
information from all of the surrounding jurisdictions and agencies that provide passenger and freight
transportation and services in an urban area is crucial to the provision of improved information.
Without information from each of the affected agencies, commuters will not be able to effectively
use the system.

Long-term Recommendations

Based on an analysis of commuters’ choice behavior, it seems apparent that commuters
would be more willing to receive and react to information that can allow them to make more
informed choices or to navigate in unfamiliar environments rather than to incur the costs associated
with the estimation of predictive travel times today. There are still several issues that need to be
researched related to the effects of incidents and other factors that lead to travel time variability on
the actual operations of a roadway before predictive travel time information can be estimated. The
feedback received by drivers about the advice during a particular trip is essential to success of a
traveler information or guidance system; therefore, until reliable information can be provided,
research money should be spent on trying to better educate motorists to make more informed route,
mode, and departure choice decisions.

In the long-term, however, a system that includes the flexibility to predict travel times and
incorporates artificial intelligence to “learn” each user’s preferences should be developed. If the
short-term recommendations are achieved, it is expected that institutional barriers regarding agency
cooperation and the compilation and continued maintenance of a detailed database will be addressed.
In addition, it is also expected that as urban freeways become more congested, more arterial streets
will include monitoring capabilities to allow for the safe and efficient operation of the overall
transportation system.

Both short-term and long-term research efforts in the area of route guidance and traveler

information should strive to incorporate factors that affect commuters’ choice behavior and should
allow commuters to make informed pre-trip and en route decisions or to seek navigational advice.
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CONCLUSIONS AND RECOMMENDATIONS

Individual drivers choose between competing routes based on a variety of factors.
Consequently, a better understanding of the effects of route attributes and travelers’ decision
processes (especially as related to the type and location of the provision of route information) on
route choice behavior is essential to the successful implementation and future application of route-
guidance systems, especially as the use of these systems becomes more widespread.

Several attributes of a route were identified that influence route choice behavior. These
include: travel time, travel time variability, the number of traffic signals or stops along the route,
congestion, distance traveled, monetary costs, number of turns, hierarchy, and safety. It is difficult
to develop a choice model that is representative of all drivers in an urban area because each driver
places a different level of importance on each of the attributes. For this reason, route guidance
systems should incorporate the ability to quantify a number of route attributes and to provide
information about these attributes to the driver. This will allow the driver to weigh the prevailing
travel time conditions and each of the attributes to make an informed route choice decision or to
assess the routes provided by a guidance system.

The decision-making process associated with route choice behavior is a dynamic feed-back
process. Information learned on previous trips about areas of recurring congestion, specific route
attributes, and the effectiveness of the real-time travel time and/or route choice information provided
will influence a traveler’s propensity to change his or her route, departure time, and/or mode.

Although it has been shown that some drivers will not modify their behavior in response to
information and each has his or her own tolerance regarding what is considered acceptable delay,
the provision of accurate and reliable travel time and route choice information can be used by most
drivers to verify knowledge of recurring congestion on primary routes, compare route alternatives,
justify an alternative route, modify departure time, or choose to telecommute.

Based on the findings included in this paper, it is recommended that the information provided
to travelers through real-time traveler information and route guidance system applications should:

* Dbe provided in a variety of media in order to address the varying cognitive skills of travelers;

* use the most up-to-date traffic flow conditions;

» allow drivers to make decisions in a timely manner;

* Dbe based on a detailed roadway network to account for arterial street alternatives;

» allow drivers to access information about specific route attributes;

*  provide information about the source and expected length of delay related to an incident;

» allow adriver to verify his or her knowledge about traffic flow conditions on his or her primary
route;

*  Dbe available both pre-trip and en route; and,

» allow adriver to either make his or her own route choice decision based on knowledge of route
attributes and travel times or to accept route guidance information provided by the system.
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It is also recommended that future route guidance systems be developed in a manner that
allows the system to “learn” individual users’ preferences for route attributes, alternative routes, and
surface street short-cuts. The incorporation of these options into a route guidance system will enable
drivers to access information that is timely, current, accurate, relevant, reliable, and targeted to the
specific needs of the individual driver.

These recommendations will allow for the provision of route choice and guidance
information in a manner that may influence commuters’ choice behavior.

B-29



ACKNOWLEDGMENTS

The author wishes to offer her sincere appreciation to each of the mentors for spending the
time to make this program a wonderful learning experience for all of the participants. Special thanks
are offered to Dr. Doug Robertson and Ms. Marsha Anderson for their insightful comments and
suggestions throughout the summer. The author would also like to thank Dr. Conrad Dudek and
Ms. Sandra Schoeneman whose hard work and dedication make this program successful.

Finally, the author would like to thank the following people for taking time to share resources and
opinions:

Tom Adler, Resource Systems Group

Catherine Bradshaw, Metro - King County

Dave Hartgen, University of North Carolina

Paul Herskowitz, Michigan Department of Transportation
Catherine Ross, Georgia Institute of Technology

Bill Twomey, SmartRoutes

Carol Zimmerman, Battelle

B-30



10.

11.

12.

13.

REFERENCES

Lee, C. A Multiple-Path Routing Strategy for Vehicle Route Guidance Systems.
Transportation Research C, Vol. 2, No. 3, 1994, pp. 185-195.

Bonsall, P. The Influence of Route Guidance Advice on Route Choice in Urban Networks.
Transportation, Vol. 19, 1992, pp. 1-23.

Dreyfus, S.E. An Appraisal of Some Shortest Path Algorithms. Operational Research, Vol.
17, 1969.

Bovy, P. And E. Stern. Route Choice: Wayfinding in Transport Networks. Kluwer Academic
Publishers, Dordrecht, The Netherlands, 1990.

Antonisse, R., A. Daly, and M. Ben-Akiva. Highway Assignment Method Based on Behavioral
Models of Car Drivers’ Route Choice. In Transportation Research Record 1220, TRB,
National Research Council, Washington, D.C., 1989, pp. 1-11.

Schofer, J., F. Koppelman, and W. Charlton. Perspectives on Driver Preferences for Dynamic
Route Guidance Systems. TRB Paper No. 97-0146, Paper presented at the 76th Annual
Meeting of the Transportation Research Board, Washington, D.C., January 12-16, 1997.

Dial, R. A Probabilistic Multipath Traffic Assignment Model Which Obviates Path
Enumeration. Transportation Research, Vol. 5, 1971.

Park, D. and L. Rilett. Identifying Multiple and Reasonable Paths in Transportation Networks:
A Heuristic Approach. Paper Submitted for Publication in the Transportation Research Record,
April 1997.

Ortuzar, J. And L. Willumsen. Modelling Transport. John Wiley and Sons, Inc., New York,
1990.

Polydoropoulou, A., M. Ben-Akiva, and I. Kaysi. Influence of Traffic Information on Drivers’
Route Choice Behavior. In Transportation Research Record No. 1453, TRB, National Research
Council, Washington, D.C., 1994, pp. 56-65.

Benshoff, J. Characteristics of Drivers’ Route Selection Behavior. Traffic Engineering and
Control, Vol. 11, No. 12, April 1970, pp. 604-606, 609.

Abdel-Aty, M., R. Kitamura, P. Jovanis, and K. Vaughn. Investigation of Criteria Influencing
Route Choice: Initial Analysis Using Revealed and Stated Preference Data. Research Report
No. USC-ITS-RR-94-12, Institute of Transportation Studies, University of California, Davis,
July 1994.

Lecture Notes, CVEN 618, Spring 1997, Texas A&M University, College Station, Texas 1997.

B-31



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

A Policy on Geometric Design of Highways and Streets (1994). American Association of State
Highway and Transportation Officials, Washington, D.C., 1995.

Wohlschlaeger, S. Factors Affecting Motorist Route Choice and Diversion Potential. TRB
Paper No. 97-0968, Paper Presented at the 76th Annual Meeting of the Transportation
Research Board, Washington, D.C., January 12-16, 1997.

Hartgen, Dave. University of North Carolina, Charlotte, North Carolina. Telephone
conversation conducted July 2, 1997.

Zimmerman, Carol. Battelle, Washington, D.C. Telephone conversation conducted July 8,
1997.

Twomey, Bill. SmartRoutes, Cambridge, Massachusetts. Telephone conversation conducted
July 7, 1997.

Bradshaw, Catherine. Metro, Seattle, Washington. Telephone conversation conducted July 2,
1997.

Ben-Akiva, M., A. Palma, I. Kaysi. Dynamic Network Models and Driver information Systems.
Transportation Research - A, Col. 25A, No. 5, 1991, pp. 251-266.

Huchingson, R., R. McNees, and C. Dudek. Survey of Motorist Route-Selection Criteria. In
Transportation Research Record No. 643, TRB, National Research Council, Washington, D.C.,
1977, pp. 45-48.

Khattak, A. Behavioral Impacts of Recurring and Incident Congestion and Response to
Advanced Traveler Information Systems in the Bay Area: An Overview. Research Report No.
UCB-ITS-PWP-93-12, University of California, Berkeley, 1993.

Summary Findings, Massachusetts Highway Department Independent Evaluation of
SmarTraveler Operational Test. SmartRoute Systems, Cambridge, Massachusetts, 1995.

Spyridakis, J., W. Barfield, L. Conquest, M. Haselkorn, and C. Isakson. Surveying Commuter
Behavior: Designing Motorist Information Systems. Transportation Research - A, Vol. 25A,
No. 1, 1991, pp. 17-30.

Adler, J., W. Recker, M. McNally. 4 Systematic Evaluation of the Impacts of Real-Time Traffic

Condition Information on Traffic Flow. PATH Research Report No. UCB-ITS-PRR-93-6,
University of California, Irvine, June 1993.

B-32



APPENDIX A

The following provides a list of the web site addresses that were consulted for this research effort.

Metropolitan Area

Atlanta, Georgia

Boston, Massachusetts

Chicago, Illinois

Detroit, Michigan

Houston, Texas

Long Island, New York
Minneapolis/St. Paul, Minnesota
Southern California

Phoenix, Arizona

Seattle, Washington

Web Site Address

http://www.georgia-traveler.com/traffic/rtmap.htm
http://www.smartravler.com/bos-com/
http://www.ai.eecs.uic.edu/GCM/congestionmap.html
http://campus.merit.net/mdot/largeview.html
http://traffic.tamu.edu/traffic.html
http://www.metrocommute.com/
http://traffic.connects.com/
http://maxwell.com/caltrans/
http://www.azfms.com/travel/freeway.html
http://www.wsdot.wa.gov/regions/northwest/nwflow/
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SUMMARY

As the metropolitan areas throughout the nation continue to advance in their application of
freeway management strategies, the need to develop high-volume and preferential-lane ramp
metering strategies is essential to allow transportation management centers to more effectively
manage freeway-related congestion. The traditional single-lane ramp meter design strategy does not
provide an effective freeway management tool at on-ramp locations where traffic demands generally
exceed 900 vehicles per hour or highly variable arrival patterns exist. In addition, this design strategy
limits the benefits of high-occupancy vehicle bypass lanes. To address these problems, freeway
managers are experimenting with multiple-lane meters to provide additional operational flexibility.

Due to the small number of states currently using multiple-lane ramp meters and the high-
degree of variability in their application, the geometric and operational issues associated with
applying, designing, and operating this advanced freeway management system are not fully
understood. To address these issues, the geometric, traffic control, and operational characteristics
of single-lane and multiple-lane ramp meters were reviewed, and application guidelines for each
design strategy were developed. In addition to these application issues, the operation of ramp meters
under inclement weather conditions and during non-commuting hours was examined, as well as
various performance measures used to evaluate operational ramp metering systems.

The application and operational guidelines developed in this paper were used to evaluate the
feasibility of deploying multiple-lane ramp meters on the Capital Beltway and Interstate 95 in the
Maryland suburbs of Washington, D.C. From this feasibility study, it was determined that several
interchanges along the two freeway sections evaluated could accommodate and potentially benefit
from multiple-lane ramp meters.

Based on this research, it was shown that the multiple-lane ramp meters provide superior
operational flexibility over the traditional single-lane ramp meters under certain conditions and
should always be considered with the future conditions of the facility in mind. In addition, it was
found that multiple-lane ramp meters can be operated effectively during inclement weather
conditions and non-commuting hours if proper precautions are taken by freeway managers and
transportation management centers.
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INTRODUCTION

The application of the freeway management technique of ramp metering has been
experimented with in various ways over the past four decades. Since the original ramp metering
experiments, conducted in Detroit, Michigan and Chicago, Illinois in the early 1960s, freeway
volumes and recurrent congestion have continued to grow and become more problematic on freeway
systems throughout the United States (1,2). As a result of this growth, on-ramp demand volumes
and the variance in arrival patterns have increased significantly. These changes in freeway operating
conditions, combined with the advent of preferential lane treatments, prompted departments of
transportation that used traditional single-lane ramp metering (e.g., California, Minnesota, and
Washington) to develop more flexible ramp meter systems in the mid-1980s (3,4,5). This resulted
in the design and construction of multiple-lane ramp meters with the following four designs: single-
lane with a parallel high-occupancy vehicle (HOV) bypass lane, dual-lane with mixed-flow traffic,
dual-lane with a parallel HOV bypass lane, and dual-lane with a separated HOV bypass lane (6).

Problem Statement

As metropolitan areas throughout the nation continue to advance in their application of
freeway management strategies, the need to develop high-volume and preferential-lane ramp
metering strategies are essential to allow transportation management centers to more effectively
manage both recurrent and non-recurrent freeway-related congestion. The original single-lane ramp
metering configuration does not provide an effective freeway management tool at on-ramp locations
where traffic demands generally exceed 900 vehicles per hour. In addition, its design limits the
potential benefits of HOV lanes. To address these problems, freeway managers are experimenting
with multiple-lane meters to provide additional operational flexibility.

Increasing on-ramp demand volumes, highly variable arrival patterns, and the desirability to
provide preferential lanes at entrance ramps, warrant the evaluation of the geometric and operational
issues associated with multiple-lane ramp metering systems. In addition, guidelines are needed to
properly apply, design, and operate multiple-lane ramp meters.

The research discussed in this paper builds upon the author’s previous work regarding the
feasibility of designing dual-lane ramp meters in the state of Texas. This work focused on
developing geometric, traffic control, and operational design criteria for dual-lane ramp meters on
frontage road/freeway slip-ramps.

Research Objectives

The primary goal of this research work was to determine the geometric and operational
differences of multiple-lane ramp meters compared to traditional single-lane ramp meter systems,
and to identify the geometric and operational issues associated with this freeway management

technique. To achieve this goal, the following research objectives were established.

*  Determine the geometric, traffic control, and operational characteristics of single-lane and
multiple-lane ramp meter configurations.
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»  Provide a comparative analysis of the two ramp meter configuration strategies and identify the
geometric and operational issues of multiple-lane ramp meters.

o  Establish general application guidelines for single-lane and multiple-lane ramp meter systems.

e Evaluate the operational and safety issues associated with operating ramp meters during
inclement weather conditions and propose operating guidelines for these conditions.

e Identify the on-ramp and mainline operating conditions that characterize on-ramps which could
potentially benefit from ramp metering. In addition, propose possible warrants for ramp
metering and extended metering.

e Identify various performance measures for isolated (local traffic responsive) and system-
controlled ramp meter systems.

The findings of this research were applied to a segment of the Capital Beltway and Interstate
95 in Maryland to determine the feasibility of operating multiple-lane ramp meters at these locations.
Metering during inclement weather conditions and non-commuting time periods was also examined
both from an operational and driver compliance viewpoint along this segment.

Scope

This research focuses primarily on the existing single-lane and multiple-lane ramp meter
systems operated today within the United States. The findings of this research were applied to the
section of the Capital Beltway (Interstate 495) between Interstates 95 and 295 in Maryland to
determine the geometric and operational issues associated with deploying multiple-lane ramp meters
along this freeway section. The feasibility of operating ramp meters during inclement weather
conditions and non-traditional periods (i.e., times outside the morning and evening commuting
periods) was also evaluated for this segment of freeway.
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BACKGROUND

The freeway management technique of ramp metering has advanced significantly from a
geometric design, traffic control, and operational standpoint since the original ramp meters were
tested in Detroit, Michigan and Chicago, Illinois in the early 1960s (1,2). In Chicago, on-ramps to
the Eisenhower Expressway were controlled during peak periods by uniformed policemen who
directed motorists through the on-ramp at predetermined headways. Through this early attempt at
managing freeway traffic, it was revealed that several operational and safety benefits could be
achieved by evenly distributing on-ramp traffic into the freeway traffic stream. From these early
successes, ramp metering has evolved into a multi-faceted freeway control strategy that is being
refined further as a result of the installation of transportation management centers and other
Intelligent Transportation System technologies throughout the United States.

The design and control strategies that were developed in the 1960s and used in various
applications throughout the 1970s and 1980s to regulate and distribute on-ramp traffic have been
significantly updated during the past 10 years as a result of the introduction of new design
techniques, such as multiple-lane ramp meters, and better controller systems. Because of these
advancements, freeway managers can now effectively meter a wide-range of freeway on-ramp and
freeway-to-freeway connector ramp demand volumes. The multiple-lane ramp meters provide a
series of operational benefits compared to the traditional single-lane ramp meters, including the
abilities to meter traffic volumes up to approximately 1,800 vehicles of mixed-use per hour; provide
preferential lane treatments for high-occupancy vehicles; and reduce ramp meter violations. Given
these operational benefits, many agencies are interested in modifying existing ramp meter systems
and/or developing new multiple-lane ramp meters.

A brief overview of the primary objectives of ramp metering and the current state-of-the
practice in the United States, including the various control techniques and design strategies used is
summarized in this section. In addition, the advantages and disadvantages of ramp metering were
reviewed to provide a better understanding of this freeway management technique.

Objectives of Ramp Metering

As with many freeway management strategies, ramp metering is designed to reduce recurring
congestion, improve on-ramp operations and safety, and maintain the capacity and acceptable
operating speeds of the freeway facility. The primary objective of ramp metering is typically to
evenly disperse vehicles merging into the freeway traffic stream through the regulation of on-ramps
or freeway-to-freeway connector ramps. This uniform distribution of entering vehicles reduces the
friction within merge areas and may lower driver workload for vehicles traveling on and merging
onto the freeway. The metering of on-ramp traffic also reduces the effect of upstream traffic signals
on the on-ramp arrival patterns, and promotes the even distribution of motorists between multiple
on-ramp locations (7). Another important objective of ramp metering is to protect capital
investments in freeways by attempting to maintain the flow on these facilities at or near capacity
flow rates (8).
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In addition to the traditional objectives of ramp metering, California, Minnesota, Washington,
and other states have found that ramp metering provides incentives for the use of carpools, vanpools,
and public transit by providing preferential lanes at ramp meter locations (3). The inclusion of
preferential lanes (e.g., HOV lanes) leads to additional time savings and visible indicators to
motorists of the benefits of using high-occupancy modes of travel (9). Early research in California
showed a 1 to 2 percent increase in carpools relative to total on-ramp traffic following the
installation of HOV bypass lanes on Interstate 5 in 1971 (10).

State of the Practice

With the opening of several advanced traffic management centers across the United States
over the past decade, the geometric design, traffic control, and operation of ramp meters have
become more sophisticated and their application more widespread. As of 1995, there were 23
metropolitan areas in North America that operated ramp meter systems (11). In addition to these 23
metropolitan areas, 10 other cities are in the design or planning stages of developing new ramp meter
systems that will be operational by 2001 (11). The existing systems are controlled under fixed-time,
local traffic responsive, and system-wide environments and maintain up to three lanes of metered
traffic.

Within the United States, 14 states currently operate ramp meter systems: Arizona,
California, Colorado, Illinois, Massachusetts, Michigan, Minnesota, New York, Ohio, Oregon,
Texas, Virginia, Washington, and Wisconsin (11,12). To date there are approximately 3,000 ramp
meters operating within the United States (12). In addition to these states, Florida, Georgia,
Maryland, New Jersey, Pennsylvania, and Utah are in the process of installing ramp meter systems.

Control Techniques

Ramp meter systems use three primary control techniques to manage on-ramp traffic:
fixed-time, local traffic responsive, and system control systems. Fixed-time ramp control provides
the basic function of breaking up platoons of traffic at the on-ramp merge point. A fixed-time
controlled on-ramp can either operate in a continuous cycle or under a detection-based configuration.
The detection-based fixed-time control configuration uses a one or two detector layout to regulate
on-ramp traffic. An inductive loop detector (demand detector) is used to identify the presence of
vehicles and a passage detector is used by some agencies to terminate the metering cycle. The
metering rate of fixed-time controlled on-ramps is based on average freeway traffic flow conditions
and does not regulate volumes based on the current freeway conditions. However, fixed-time
controlled ramps provide even distribution of traffic into the freeway stream and reduce merge-
related congestion and accidents (11).

The second type of ramp meter control is local traffic responsive. This control system uses
mainline detection on the freeway in the vicinity of the on-ramp to determine current traffic
conditions and adjusts the ramp metering rates to obtain a specified operating level. By continually
measuring the freeway traffic, the controller is able to regulate traffic more effectively than a fixed-
time system.
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The most sophisticated ramp meter control technique is system (or integrated) control. This
control technique is traffic responsive, but is not limited to an isolated on-ramp along a freeway.
This control technique evaluates segments of a freeway to determine the best overall metering
strategy for an entire section of freeway; for example, a series of ramp meters are programmed
together to adjust and maintain freeway traffic volume levels. Under an integrated control mode,
the metering rates and strategies are calculated in an on-line real-time process that is able to adjust
to existing traffic conditions (13). Metering rates and strategies are updated continuously on a
system-wide approach based on the control algorithms selected for the given system. This type of
control works well within Intelligent Transportation Systems (ITS), which have sophisticated traffic
management centers, because it not only reduces congestion and improves operation, but also
provides the ability to improve incident detection and management.

Design Strategies

With the continuous increase in demand volumes on urbanized freeways and the introduction
of legislation promoting alternative travel modes to traditional single-occupancy vehicles, several
states have developed a series of ramp meter design strategies to provide operational flexibility and
preferential lane assignments for carpools, vanpools, and transit. Table 1 lists the current design
strategies used throughout the nation (8,12).

Table 1. Ramp Meter Design Strategies (8,12).

Ramp Meter
Design Strategy Description
Single-Lane One vehicle is released per green displayed.

(Single Vehicle Release)

Single-Lane Two or more vehicles are released per green displayed.
(Multiple Vehicle Release)

Single-Lane + HOV A parallel or separate HOV bypass lane is provided for carpools, vanpools,
and transit in addition to the mixed-traffic lane. This lane may provide
varying degrees of preferential treatment and control.

Dual-Lane Two lanes are formed upstream of the ramp meter stop-bar and vehicles are
released independently by lane or alternately between lanes.

Dual-Lane + HOV Two lanes are formed upstream of the ramp meter for mixed traffic and a
parallel or separate HOV bypass lane is provided for carpools, vanpools, and
transit.

As shown in Table 1, the available ramp meter design strategies provide designers and
freeway managers with a significant amount of geometric design and operational flexibility. This
flexibility has led to more effective freeway management through ramp metering, and increased the
interest in the potential deployment of multiple-lane ramp meters throughout the nation.
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Advantages and Disadvantages of Ramp Metering

To provide a better understanding of the operational capabilities and limitations of ramp
meters, the advantages and disadvantages of ramp metering were reviewed. Based on research
published to date and the telephone interviews conducted as part of this research, the following
advantages of ramp metering were identified (7,8,14,15):

e  provides reasonably predictable freeway operation through the regulation of vehicular inputs;

e reduces the congestion and driver workload at merge points by distributing traffic evenly into
the traffic stream;

e increases mainline capacity and speeds by reducing the potential occurrence of bottlenecks
and/or accidents;

o divertslocal trips from the freeway, thereby maintaining the functional classification design and
operating policies established by the American Association of State Highway and
Transportation Officials (AASHTO);

e improves interchange operations through the regulation of freeway-to-freeway connector ramps;

e motivates drivers to convert to high-occupancy vehicles where preferential lane assignments are
available;

e provides incident management capabilities for transportation management centers and freeway
managers; and

»  provides an economical service to the public by protecting the capital investments in freeways
by attempting to maintain the flow on these facilities at or near capacity flow rates and delaying
more costly improvements or new roadways.

Ramp metering can produce many benefits; however, implementing this freeway
management technique can result in several disadvantages, as follows:

e  creates potential queue spillbacks into the upstream local streets and interchange terminals,
service roads, or freeway facilities under high demand volumes or variable arrival patterns;

e leads to possible equity issues between motorists who are and who are not metered in the urban
and suburban areas, respectively;

o diverts traffic onto the local street system which can create additional congestion within
business districts and neighborhoods; and

e creates the possibility of delay for motorists at metered on-ramps and freeway connector ramps.
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GEOMETRIC, TRAFFIC CONTROL, AND OPERATIONAL CHARACTERISTICS OF
SINGLE-LANE AND MULTIPLE-LANE RAMP METERS

The geometric and traffic control characteristics, as well as the operational features of single-
lane and multiple-lane ramp meters were reviewed and documented within this section. Using this
information, a comparative analysis of the two ramp meter configurations was completed to ascertain
the similarities and differences in the geometric, traffic control, and operational characteristics
between the two design strategies. From this research and analysis, application guidelines were
proposed for single-lane and multiple-lane ramp meters. It should be noted that the information
presented in this section is based on a survey of dual-lane ramp metering conducted by the Texas
Transportation Institute, the telephone interviews conducted as part of this research (see Appendix
A), and the available literature cited.

Geometric and Traffic Control Characteristics

Single-lane and multiple-lane ramp meters employ many similar geometric and traffic control
elements; however, the multiple-lane ramp meter design strategy requires additional geometric and
traffic control design features to properly function. The obvious difference in the two strategies is
the need to accommodate a second lane of traffic on the on-ramp during ramp metered operations.
This design element and others are explained in detail below.

The traditional single-lane and multiple-lane (i.e., dual-lane) ramp meter configurations used
in California, Minnesota, Washington, and other states have been developed on traditional
single-lane on-ramps at diamond and parclo-type interchanges. Figures 1 and 2 show the typical
single-lane and multiple-lane ramp meter configurations and traffic control elements used throughout
the nation (3,8).
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Figure 1. Typical Single-Lane Ramp Meter Configuration and Traffic Control Elements.
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Figure 2. Typical Multiple-Lane Ramp Meter Configuration and Traffic Control Elements.

As shown in Figures 1 and 2, the two ramp meter configurations have similar geometric and
traffic control elements; however, the multiple-lane configuration requires several traffic controller
advancements and additional pavement width and lateral clearance compared to the traditional
single-lane ramp meter. It should be noted that multiple-lane ramp meters can maintain a variety of
geometric configurations (i.e., a standard two-lane ramp with a merge point prior to the freeway
merge point, connector ramps, etc.); however, this research focuses on the typical multiple-lane ramp
meter configuration illustrated above. These geometric and traffic control elements are described
below.

Geometric Elements

The single-lane and multiple-lane ramp meters maintain three physical areas: the queue
reservoir, the acceleration area, and the merge area. The queue reservoir is the area located between
the ramp meter stop-bar and the upstream intersection, service road, or freeway. To develop
multiple-lane ramp meters, the single-lane queue storage reservoir is modified with either signage
or striping to create two side-by-side storage lanes during metered periods. The queue reservoir can
either be striped as one or two lanes depending on the available geometry. Under a traditional on-
ramp configuration, the queue reservoir is divided into two lanes through signing that informs
motorists to form two lanes under metered operations. As a result, the multiple-lane (dual-lane)
ramp meter queue reservoir can accommodate approximately twice the number of vehicles as
compared to the traditional single-lane ramp meter.

The queue storage area upstream of the ramp meter stop-bar may maintain either one or two
lanes during non-metered periods and should be sufficiently long to accommodate the expected
queues during the metered periods. Locations with insufficient storage should be outfitted with
queue detectors and control strategies that are capable of increasing the metering rate until queues
clear. To estimate the queue during the metered periods, the existing or forecasted on-ramp volumes
and freeway volumes must be known. Using the freeway volumes, the expected metering rate during
the peak on-ramp arrival period can be determined using a local traffic-responsive, occupancy-based
approach. In turn, the expected queue length can be determined using the on-ramp arrival patterns.
Once this process is accomplished, the queue storage reservoir required to contain the expected
on-ramp demand volumes can be determined.
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Under a dual-lane ramp meter configuration, a minimum of 150 feet of queue storage is
recommended to allow vehicles to switch lanes when approaching the stop-bar (12). In addition, it
is important to note that, even if a sufficient queue reservoir can be developed, the queue reservoir
should be designed with queue detectors (i.e., initial and advanced). These detectors will ensure
proper operation and safety of the upstream interchange terminal, service road, or freeway, even
under unexpected changes in either the freeway or on-ramp arrival patterns and volumes.

Unlike the single-lane ramp meter that can be installed at nearly all on-ramp locations, the
dual-lane ramp meter configuration requires additional pavement width to provide space for two
lanes of vehicles within the queue storage reservoir. The Oregon and Washington departments of
transportation recommend that 24 to 26 feet of pavement be provided within the queue storage
reservoir and an absolute minimum width of 22 feet be maintained for dual-lane ramp metering (12).
This width allows passenger cars, trucks, and buses to safely queue side-by-side.

The acceleration area is the distance between the stop-bar and the freeway merge point that
is necessary for vehicles to accelerate to freeway speed. Some states also require a merge area to
allow motorists to find an acceptable gap in the traffic stream. To address the acceleration and
merge area requirements on a metered ramp, the Texas Transportation Institute developed mainline
operating speed/on-ramp distance relationships to provide guidance to designers. Figure 3 shows
the mainline operating speed/on-ramp distance relationships for the recommended acceleration,
merge, and acceleration-merge distances (16). It should be noted that the merge area can either be
accommodated upstream of the merge point or through the use of an auxiliary lane.
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Figure 3. Recommended On-Ramp Acceleration/Merge Area vs. Freeway Speed (16).
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As illustrated in Figure 3, an urban freeway with an operating speed of 60 miles per hour
requires approximately 390 feet of acceleration area and 130 feet of merge area. Thus, an on-ramp
will need to maintain approximately 520 feet between the ramp meter stop-bar and the end of the
merging area to provide proper acceleration and merge space.

Traffic Control Elements

To inform motorists of the ramp meter operations and movement protocols, the metered ramp
maintains a series of signs and traffic control devices to effectively communicate the necessary
information to motorists and ensure the safety and integrity of the freeway management system. In
addition, six sets of loop detectors are required to provide the necessary data to operate fixed-time,
local traffic-responsive, or system-controlled ramp meter systems. These include the mainline,
merge, passage, demand, initial queue, and advanced queue detectors. Table 2 provides a description
of'each detector’s location and specific application within the control system. It should be noted that
the merge, passage, and initial queue detectors are not necessary to operate the three described
control systems; however, these detectors provide additional features that several agencies use today
to achieve the most effective operations (12).

Table 2. Placement and Application of Ramp Meter Detectors (12).

stop-bar in the specified lane(s).

Detector Location Application
Mainline Located in the freeway upstream and/or | Provides freeway occupancy, speed, or volume
downstream of the on-ramp ingress information that is used to select the local metering
point to the freeway. rate. These detectors also provide incident
detection measurement devices for traffic
management centers.
Merge Placed upstream of the merge area in Used primarily to provide on-ramp volume count
(Optional) the on-ramp (downstream of the data. Minnesota uses it to determine the
stop-bar). appropriate time to terminate metering based on
the differential between the current on-ramp
volume and the fixed-time metering rate.
Passage Positioned immediately downstream of | Used in California and Washington to determine
(Optional) the stop-bar. the duration of the green signal display on the
specified lane.
Demand Placed immediately upstream of the Senses a vehicle’s presence at the stop-bar and

initiates the green traffic signal display for that
specific lane under the selected metering strategy.

Initial Queue
(Optional)

Placed approximately half-way
between the stop-bar and the on-ramp
entrance point in each metered lane.

Adjusts the metering rate to control growing
queues within the queue storage reservoir.

Advanced Queue

Positioned near the on-ramp entrance
point (typically within 100 feet).

Monitors excessive queues that cannot be
contained within the queue storage reservoir.
Maximizes the metering discharge rate or
discontinues metering to clear excessive queues.
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In addition to the detectors used to operate single-lane and multiple-lane ramp meters, a
series of warning and regulatory signs are used to convey the intent of the freeway management
system. Table 3 provides an illustration of the various ramp meter signs used under single-lane,

multiple-lane, and multiple-lane with preferential lane assignment configurations (12).

Table 3. Ramp Meter Signing Conventions (12).

Placement

Application

RAMP \

METERED
WHEN

FLASHING

Placed usually on the right-side of the
on-ramp near the entrance point.

This warning sign is accompanied by a
yellow flashing beacon that is activated
during metered periods to alert motorists of
the upcoming controlled ramp.

HERE ON

RED

rd

Placed on both sides normally of the
on-ramp at the ramp meter stop-bar.
This sign is placed on the signal pole
under the post-mounted configuration.

This regulatory sign identifies the ramp
meter stop-bar location and is used to align
drivers over the demand detector(s) placed
upstream of the stop-bar.

ONE VEHICLE
PER GREEN

Placed either on the signal pole or with
the “Stop Here on Red” regulatory sign
under a mast-arm configuration.

This regulatory sign is used to inform
motorists of the intended traffic control
under ramp metered conditions.

Multiple-Lane Ramp Signage

Positioned near the beginning of the
dual-lane queue storage reservoir on
the right-side of the on-ramp.

This regulatory sign is used to convert the
single-lane on-ramp into a dual-lane queue
storage reservoir during ramp meter
operations.

Preferential Lane Assignment Signage

CARPOOL
2 OR MORE
ONLY

WHEN METERED

This optional preferential lane
assignment sign is located in
conjunction with the “Form 2 Lanes
When Metered” sign and sometimes
repeated near the stop-bar. A similar
sign is used to identify separated HOV
bypass lanes.

This type of regulatory sign is used to
specify lane restrictions at the ramp meter
for various carpool occupancies, vanpools,
and transit vehicles. Either lane may be
assigned.




The final element of the single-lane or multiple-lane traffic control devices is the traffic
signal display. As the motorist nears the ramp meter stop-bar, one of two standard signing and traffic
signal display conventions is used to inform the driver of the regulatory requirements of the ramp
meter and to indicate when the motorist is allowed to enter the freeway facility. Figures 4 and 5
illustrate the typical post and mast-arm ramp meter control conventions, respectively, for multiple-
lane ramp meters. It should be noted that single-lane ramp meters use similar control conventions,
but provide only a single approach lane.

Figure 4. Typical Multiple-Lane Ramp Meter Post-Mounted Traffic Control Configuration.




As shown in Figure 4, the multiple-lane ramp meter post-mounted traffic control convention
consists of two separate sets of traffic signals located on the right and left sides of the metered
on-ramp. These signals are normally placed within 10 feet, downstream, of the stop-bar and control
each lane separately. The upper three-section head traffic signal is intended to inform motorists
approaching the ramp meter that it is operational, while the lower two- or three-section head traffic
signal is oriented towards the driver at the stop-bar. In addition to the traffic signals, two regulatory
signs, “Stop Here On Red” and “One Vehicle Per Green” are affixed to the signal pedestal or nearby
to indicate the proper lane control and operation that is to be observed under metered conditions.
Under a single-lane design, the signals can be displayed on one or two posts.

The multiple-lane ramp meter mast arm-mounted design illustrated in Figure 5 represents the
second ramp meter traffic signal convention that is commonly used. This convention is similar to
the traditional traffic signal mounting design used at signalized intersections. The mast arm is
typically located within 40 to 70 feet of the stop-bar and has a single three-section head traffic signal
over each metered lane. The mast arm design is normally accompanied by regulatory signing in the
proximity of the stop-bar indicating the appropriate lane control and operation. It should be noted
that the on-ramp illustrated includes an exclusive HOV bypass lane (right side) in addition to the two
lanes of mixed traffic.

Operational Features of Single-Lane and Multiple-Lane Ramp Meters

The operational features of single-lane and multiple-lane ramp meters reveal the greatest
difference between the two freeway management system design strategies. The single-lane ramp
meter cycles at the specified metering rate by either a red-green-red or red-green-yellow-red display
sequence when vehicles are present. Most states allow one vehicle to proceed during each green
signal display; however, some states have been forced to allow multiple vehicles to be released to
accommodate high demand volumes at an on-ramp location. In general, most states will only operate
single-lane ramp meters up to a maximum discharge rate of 900 vehicles per hour, which represents
a 4-second headway between successive vehicles (12). Agencies have found that headways of less
than 4 seconds do not effectively bring vehicles to a complete stop. This can create enforcement
problems because motorists continually move through the ramp meter.

The multiple-lane ramp meter design strategies employed throughout the country differ
significantly, from vehicles in each lane being released simultaneously to vehicles being evenly
alternated between lanes. The existence of a second lane allows multiple-lane ramp meters to meter
traffic up to approximately 1,800 vehicles per hour, while maintaining four second or greater
headways in each lane. In addition, priority phasing can be given to preferential lanes at a ramp
meter. These two capabilities give multiple-lane ramp meters a significant advantage over single-
lane ramp meters in operational flexibility. This operational flexibility is further demonstrated under
the existence of excessive queues problems.

The two ramp meter design strategies have contrasting operational and traffic control
capabilities for dealing with excessive queues. Since single-lane ramp meters can only effectively
meter traffic up to approximately 900 vehicles per hour and excessive queues can only be cleared
through the discontinuation of metering (12). In contrast, multiple-lane ramp meters can increase
the discharge rate up to nearly the saturation flow rate of the on-ramp to clear queued vehicles. This
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operational flexibility allows multiple-lane ramp meters to continuously regulate and evenly
distribute vehicles into the freeway traffic stream, whereas the single-lane design strategy allows a
large platoon of traffic to enter the traffic stream. It should be noted that the multiple-lane ramp
meter design strategy can accommodate approximately 100 to 130 percent more vehicles within the
queue reservoir than the single-lane ramp meter (12).

Comparative Analysis of Single-Lane and Multiple-Lane Ramp Meters
To demonstrate the differences between traditional single-lane ramp meters and multiple-lane
ramp meters, a comparative analysis was completed as part of this research on the geometric, traffic

control, and operational characteristics of the two design strategies. Table 4 is a summary of this
analysis.

Table 4. Ramp Meter Design Strategies Comparative Analysis Summary.

Single-Lane Ramp Meters Multiple-Lane Ramp Meters
Geometric Elements e Can be readily designed and »  Requires approximately 24 to 26 feet
constructed on traditional diamond of pavement within the queue storage
and parclo-type interchanges. reservoir. An absolute minimum of

22 feet should be maintained.

Traffic Control Elements | « Simple control structure. » Requires additional detection and
more advance controllers.

Operational Elements e Cannot effectively meter demand e Capable of metering demand volumes
volumes exceeding 900 vehicles per up to approximately 1,800 vehicles
hour or highly variable arrival per hour.
patterns with demand volumes »  Wider range of metering rates allows
exceeding 750 vehicles per hour. for effective queue management.

e Excessive queues cause lapses in e Preferential lane priority for carpool,
metering or surface street congestion vanpools, and/or transit can be
e Preferential lane priority for provided.

carpool, vanpools, and/or transit
cannot be provided.

As shown in Table 4, the multiple-lane ramp meter design strategies provide significant
operational flexibility over the traditional single-lane ramp meter configuration. Based on the results
of the telephone interviews conducted, it was determined that the multiple-lane ramp meter design
strategies are thought to be a very successful freeway management strategy by both the departments
of transportation and the general public.
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Proposed Application Guidelines for Single-Lane and Multiple-Lane Ramp Meters

Using the information summarized in this section, a proposed set of application guidelines
was developed for both ramp meter configurations. These application guidelines are listed below.

e Metered on-ramps should maintain sufficient acceleration and merge distances between the
ramp meter stop-bar and the end of the on-ramp or auxiliary lane, based on the freeway
operating speeds (see Figure 3).

e Proposed ramp metering locations should provide an adequate queue storage reservoir for
existing and future on-ramp conditions (i.e., demand volumes and arrival patterns). Ramps that
do not maintain adequate queue storage reservoirs should maintain excessive queue
management traffic control capabilities.

e  Single-lane ramp meters should not be used in locations where the demand volumes are
expected to exceed approximately 900 vehicles per hour even after traffic is redistributed
between on-ramps within a specific section of freeway that will be metered. In addition, single-
lane ramp meters should not be used on locations that maintain on-ramp demand volumes in
excess of 750 vehicles per hour and highly variable arrival patterns.

e Multiple-lane ramp meters should provide the proper pavement widths and lateral clearances
to accommodate two lanes of traffic within the queue storage reservoir. In addition, preferential
lanes should provide proper access to avoid queue spillbacks (i.e., mixed-traffic queues should
not block access to the preferential lane).

C-15



INCLEMENT WEATHER CONDITIONS AND RAMP METERING

Inclement weather conditions experienced by many of the metropolitan areas in the United
States and the typical on-ramp grades associated with diamond and parclo-type interchanges require
the evaluation of the effects of ice and snow on ramp metering operations. The inclement weather
policies for ramp metering used by several agencies that operate ramp meters in northern states are
summarized in this section. The responses summarized were provided during the telephone
interviews conducted as part of this research effort. Based on the information ascertained through
the telephone interviews, ramp meter operational guidelines for inclement weather conditions were
proposed.

Inclement Weather Policies for Ramp Metering

To evaluate the effects of inclement weather conditions on ramp metering systems,
departments of transportation in several northern states that currently operate ramp meter systems
were interviewed. These northern states were Colorado, Illinois, Michigan, Minnesota, New York,
Oregon, Virginia, Washington, and Wisconsin. Staff from these state departments of transportation
were interviewed to determine the effectiveness and relative safety of operating ramp meters during
either snowy or icy roadway conditions. Table 5 summarizes the current operating policies for
inclement weather in the nine states included in the interview process.
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Table 5. Summary of Northern State Ramp Metering Policies for Inclement Weather Conditions.

State

Inclement
Weather Policy?

Comments

Colorado

No

On-ramps are provided with a high-priority level of snow removal and
sanding in the Denver metropolitan area. Therefore, ramp metering
remains an effective freeway management technique under poor weather
conditions.

Illinois

No

On-ramps are monitored for operational problems by closed-circuit
television (CCTV), police, and the [llinois Minutemen service patrols. The
ramp meters are not shut-off during snowy or icy conditions unless deemed
necessary.

Michigan

Yes

Ramp meters are shut-off under either snowy or icy conditions observed on
CCTV which may potentially create traction problems for vehicles.

Minnesota

Metering is not adjusted during inclement weather conditions; however, the
effectiveness of the system decreases significantly under snowy or icy
conditions.

New York

Yes

Ramp meters are shut-off under either snowy or icy conditions observed on
CCTV. In addition, the department will turn-off ramp meters in the field
and from the TMC manually under severe winter storming warnings.

Oregon

The Oregon Department of Transportation currently does not have the
communication capabilities to shut-off ramp meters during poor driving
conditions.

Virginia

Yes

Ramp meter discharge rates are adjusted during inclement weather
conditions based on pavement sensors which indicate a clear, wet, or
snow/ice covered driving surface. The agency maintains ramp meter
operation during inclement weather conditions and provides a high-priority
for on-ramp snow removal.

Washington

Yes

On-ramps are typically not metered during snowy or icy weather
conditions. The decision to meter is made by the FLOW engineer on duty.

Wisconsin

The Wisconsin Department of Transportation does not suspend ramp
metering operations during snowy or icy conditions.

As shown in Table 5, the nine states that use ramp meters in colder climates having varying
guidelines or policies for operating ramp meters during icy or snowy conditions. The majority of
the agencies expressed their concerns regarding the potential for vehicles to lose traction either when
stopping at or accelerating from the ramp meter stop-bar. However, many of the agencies do not
currently possess the detection capabilities and/or communication equipment to effectively suspend
ramp metering operations during snowy or icy conditions. It should be noted that Virginia was the
only state identified with an extensive system of pavement condition sensors.




Proposed Guidelines for Inclement Weather Conditions

Based on the ramp metering policies for inclement weather conditions obtained from staff
at the nine state departments of transportation, it is recommended that the following guidelines be
followed by agencies operating or planning to operate ramp meters in areas that experience periods
of icy or snowy roadway conditions:

e Grades in the vicinity of the ramp meter stop-bar should be minimized to avoid vehicles losing
traction within both the queue storage reservoir and acceleration areas of the on-ramp. This
geometric design detail should be addressed through the placement of the ramp meter signals,
since the re-grading of freeway on-ramps is typically not geometrically or economically feasible.

e Tomaintain effective freeway management during poor weather conditions, metered on-ramps
should be plowed and sanded and receive a high-priority in snow removal scheduling.

e On-ramps should be monitored during potential icy/snowy conditions by closed-circuit
television, pavement sensors, or other methods to determine when ramp metering may need to
be discontinued.
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EXAMINATION OF TRADITIONAL AND EXTENDED RAMP METERING
OPERATIONS

The potential capabilities of metering on-ramp traffic during non-commuting (or peak) time
periods (e.g., mid-afternoon) using the operational flexibility of the multiple-lane ramp meter design
strategy is examined in this section. As part of this examination, several state departments of
transportation that operate multiple-lane ramp meters were surveyed to determine the current
metering periods used throughout the nation. In addition, the thresholds used to initiate metering
and/or install new ramp meters were ascertained. Based on this information, the potential advantages
and disadvantages of extended metering were examined and guidelines for traditional and extended
ramp metering operations were developed.

Ramp Meter Practices

To provide a better understanding of the current freeway management practices regarding
ramp meter operation periods in metropolitan areas, the ten state departments of transportation that
currently operate multiple-lane ramp meters were interviewed. Based on these interviews, the
normal ramp meter operation policies for traditional and non-traditional periods were determined.
Table 6 shows the overall and core operational times for the traditional morning and evening
commuting periods and extended metering currently employed by various departments of
transportation. It should be noted that the core metering period represents the time when all the
meters are automatically initialized without regard to freeway conditions.

As shown in Table 6, only Caltrans meters traffic during non-commuting time periods.
However, the majority of states interviewed expressed some interest in the possibility of extended
metering periods or lunchtime metering. In addition to the traditional metering periods, several
states use continuous metering in construction areas where temporary bottlenecks exist to regulate
the on-ramp traffic and increase capacity during lane closures. Based on the interviews conducted,
it appears that several states are continuing to increase their morning and evening metering time
periods to accommodate the widening time period of heavy traffic flows on urbanized freeways.

To initiate and terminate ramp meter operations, freeway managers and transportation
management centers use three primary operating thresholds under local traffic responsive and
integrated controlled systems. These thresholds include freeway (mainline) occupancy, speeds, and
volumes. In addition to these operating thresholds, many agencies employ time-of-day timing plans
based on historical on-ramp and freeway information to meter on-ramp traffic. Table 7 provides a
summary of the ramp meter operating thresholds used by departments of transportation.

C-19



Table 6. Summary of Departments of Transportation Metering Periods.

Weekday AM Peak Weekday PM Peak
Other Metering Periods/
State Start Core End Start Core End Comments
Arizona 5:30 N/A 9:00 2:00 N/A 7:00 Programmed by time-of-day.
California See See See See See See Los Angeles maintains
Note Note Note Note Note Note continuous metering on several
freeways. San Diego and San
Francisco maintain more
traditional core metering
operation procedures.
Colorado 6:20 6:50 - | 8:50 3:00 3:30 - 6:00 None
8:20 5:30
[linois 5:30 N/A 9:30 2:00 N/A 7:00 Continuous metering is used in
construction areas and during
incidents.
Minnesota 6:00 7:00 - | 8:30 2:30 4:00 - 7:00 Continuous metering is used in
8:00 5:30 construction areas which create
bottlenecks.
New York 6:00 6:00 - | 9:00 3:00 3:00 - 7:00 Programmed by time-of-day.
9:00 7:00
Oregon 6:30 N/A 9:30 3:00 N/A 6:00 No mainline detection is
available at this time to do
extended metering.
Virginia 6:00 6:30 - 10:00 3:00 3:30 - 7:30 The metering of the peak time
9:30 6:00 periods has extended to 4 to 472
hours during the weekday a.m.
and p.m. time periods.
Washington 6:00 N/A 9:00 3:30 N/A 6:30 Seven ramp meter locations on
Interstate-5 maintain control
between 6 a.m. and 7 p.m.
Wisconsin 5:45 6:00 - | 9:15 2:45 3:00 - 6:15 No extended metering is
9:00 6:00 operated at this time.

* Note The operation times shown above are defined as general operating parameters within the overall system. It
should be noted that individual ramp meter locations may operate at different times than indicated.
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Table 7. Summary of Ramp Meter Operating Thresholds.

Occupancy Volume (vphpl) Speed (mph)
State On Off On Off On Off Notes
Arizona N/A N/A N/A N/A N/A N/A Time-of-day operation.
California See See See See N/A N/A Operating thresholds based on
Note Note Note Note system-wide volume and
occupancy algorithms.

Colorado 17% 15% 1,900 1,900 35 35 Thresholds must be met for
three consecutive 1-minute
periods.

Illinois 15% 15% N/A N/A N/A N/A Operating thresholds based on
system-wide volume and
occupancy algorithms.

Michigan 15% 13% N/A N/A N/A N/A None

Minnesota N/A N/A See See N/A N/A Minnesota’s volume algorithm

Note Note is the governing device for
metering.

New York N/A N/A N/A N/A N/A N/A Time-of-day operation.

Oregon N/A N/A N/A N/A N/A N/A Time-of-day operation.

Virginia N/A N/A N/A N/A N/A N/A Freeway operator decision
based on occupancy indicators
and visual inspection.

Washington See See See See N/A N/A Operating thresholds based on

Note Note Note Note system-wide volume and
occupancy algorithms.

Wisconsin 18% 18% 1,800 1,800 45 55 The volumes on the freeway
are measured every five
minutes and the metering is
based on the operators review
of the operating conditions

As shown in Table 7, the majority of states use mainline occupancy values of 14 to 18
percent, volumes of 1,800 to 1,900 vehicles per hour per lane (vphpl), or speeds of 35 to 45 miles
per hour as minimum ramp metering thresholds. However, most of these agencies do not operate

fully-responsive ramp meter systems. A number of the states operate ramp meters on a time-of-day

basis or under manual control in which freeway managers make metering initialization and
termination decisions based on the mainline measures-of-effectiveness and visual inspection. None
of the agencies interviewed allow ramp meters to be fully controlled by the computer monitoring
system programmed with specific operating thresholds without fixed time-of-day parameters.
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In addition to the information collected on the different operating practices used in ramp
metering, the process used by states to install ramp meters was evaluated. It was found that the
majority of transportation departments do not have a formal procedure for installing ramp meters.
Many of the state officials interviewed stated that ramp metering is being implemented on freeways
that are already congested. However, California has recently used a guideline that ramp meters be
installed when the overall system delay reaches 15 minutes (i.e., the average commuter experiences
15 minutes of delay compared to a motorist traveling at free flow speeds). This guideline is currently
being followed in Fresno, California.

Advantages and Disadvantages of Extended Ramp Metering

The primary advantage of extended ramp metering is to provide a consistent regulation of
on-ramp traffic and predictable freeway operations. To provide the most effective form of extended
metering, ramp meters should be operated within given core metering periods and be capable of
initializing or extending the metering period before and after the core metering period based on
mainline and on-ramp volume, occupancy, and/or speed thresholds. However, the ramp meter
should not be permitted to turn on and off for short periods because this type of sporadic operation
could lead to potential increases in ramp meter violations and on-ramp accidents.

The two primary disadvantages of extended weekday metering involve driver expectancy and
equity issues. Because motorists have set expectations regarding on-ramp operations (i.e., metered
during peak hours only), motorists may either not expect vehicles to be queued on a on-ramp nor
adhere to the meter during non-commuting time periods. Another problem with extended metering
reverts back to the equity issue between urban and suburban residents. Since the amount of
congestion and traffic typically dissipates with distance from the central business district, the amount
of time urban residents are delayed by ramp metering significantly exceeds that experienced by
suburban residents. Thus, transportation departments could potentially be encouraging urban sprawl
rather than increasing land use densities which better complement transportation demand
management measures (i.e., carpooling, transit, etc.).

Potential Ramp Meter Warrants and Operating Thresholds

In evaluating the feasibility of installing or operating ramp meters during traditional (i.e., the
weekday morning and evening commuting periods) or non-commuting time periods, freeway
managers need to first establish thresholds under which either the on-ramp or mainline operating
conditions of a freeway can be positively affected by the regulation of on-ramp traffic. However,
the development of quantitative thresholds is somewhat difficult as can be shown by the following,
somewhat nebulous, ramp metering warrants included in the 1988 Edition of the Manual of Uniform
Traffic Control Devices (MUTCD).
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Installation of freeway entrance ramp control signals may be justified when the total
expected delay to traffic in the freeway corridor, including freeway ramps and local
streets, is expected to be reduced with ramp control signals and when at least one of
the following instances occurs:

1. There is recurring congestion on the freeway due to traffic demand in excess

of the capacity; or there is recurring congestion or a severe accident hazard
at the freeway entrance because of an inadequate ramp merging area. A

good measure of recurring freeway congestion is freeway operating speed.

An early indication of a developing congestion pattern would be freeway
operating speeds less than 50 mph, occurring regularly for a period of half
an hour. Freeway operating speeds less than 30 mph for a half-hour period
would be an indication of severe congestion.

2. The signals are needed to accomplish transportation system management
objectives identified locally for freeway traffic flow, such as: (a) maintenance
of a specific freeway level of service, or (b) priority treatments with higher
levels of service, for mass transit and carpools.

3. The signals are needed to reduce (predictable) sporadic congestion on
isolated sections of freeway caused by short-period peak traffic loads from
special events or from severe peak loads of recreational traffic.

As indicated in the ramp meter warrants of the 1988 Edition of the MUTCD, no specific on-
ramp or mainline volume, occupancy, speed, accident, or delay threshold values had been developed
for ramp meter installation. This lack of quantitative metering thresholds has created a disservice
to freeway managers trying to obtain funding and approval for ramp metering systems.

An early attempt at establishing minimum peak hour volumes for ramp meters was developed
by the Texas State Department of Highways and Public Transportation (now the Texas Department
of Transportation). These volume guidelines are shown in Table 8 (13).Table 8. Texas’ Minimum
Peak Hour Warrant Volumes for Ramp Metering in Metropolitan Areas.

As shown in Table 8, the Texas Department of Transportation provided a fairly definitive set
of volume thresholds for installing ramp meters in the early 1970s. However, the original thresholds
were abandoned in part due to the inability of single-lane ramp meters to operate at high-volume on-
ramp locations from both a traffic control and geometric standpoint. The single-lane ramp meter
design strategy did not provide high enough discharge rates or queue storage reservoirs to be
installed on freeways that maintained volumes equal to or higher than the volume thresholds
presented.

Based on the telephone interviews conducted and available literature, a set of on-ramp and
mainline ramp metering warrants were developed for implementing and operating ramp meters
during the traditional and non-commuting time periods. These proposed ramp meter warrants are
discussed below.
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Table 8. Texas’ Minimum Peak Hour Warrant Volumes for Ramp Metering in Metropolitan Areas.

Metropolitan Area Size (Persons)

Freeway Facility <500,000 500,000 - 1,000,000 >1,000,000
Four-Lane Freeway 2,600 vph 2,850 vph 3,050 vph
Six-Lane Freeway 3,850 vph 4,200 vph 4,550 vph
Eight-Lane Freeway 5,150 vph 5,550 vph 6,050 vph
Each additional lane above four 1,300 vph 1,350 vph 1,500 vph
in one direction.

On-Ramp Warrants

After interviewing various ramp meter operators across the nation, it is evident that nearly
all of the departments of transportation use either a minimum on-ramp volume or a combination-
based algorithm that compares the mainline and/or system volumes and on-ramp volumes to
determine if sufficient traffic is available to provide positive benefits from ramp metering. Based
on the minimum values provided by operators, the minimum on-ramp volume threshold for metering
lies between approximately 200 and 300 vehicles per hour. This make sense intuitively because
these volume levels translate to approximately one vehicular arrival every 12 to 18 seconds on
average assuming uniform arrivals. Furthermore, signalized interchange terminals producing this
level of traffic would not generate platoons significant enough to impact the operation of the
freeway. Thus, one could state that an on-ramp with demand volumes exceeding 250 vehicles per
hour could warrant metering, provided mainline freeway conditions could benefit from the
distribution of on-ramp traffic.

Mainline Warrants

From the information learned through this research, a freeway on-ramp should be reviewed
for potential ramp metering implementation when one or more of the following thresholds is met:

e Freeway occupancy rates during the morning or evening peak commuting time periods is in
excess of 15 percent.

e Averaged measured freeway speeds are below 40 miles-per-hour for extended periods of time
(i.e., 30 or more minutes in the peak time periods).

e Freeway volumes exceeding 1,700 vehicles per hour per lane in the vicinity of an entrance
ramp.

e A high rate of accidents occurs in the influence area of the on-ramp/freeway merging area.

In addition to these thresholds, on-ramps that are evaluated for potential ramp metering

should maintain peak hour traffic volumes in excess of 250 vehicles per hour and sufficient length
to provide adequate queuing and acceleration areas.
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Proposed Guidelines for Traditional and Extended Ramp Metering Operations

Based on the telephone interviews conducted and review of the survey on dual-lane ramp
metering conducted by the Texas Transportation Institute, guidelines for operating ramp meters
during both traditional and non-traditional periods were developed as part of this research. These
guidelines are listed below:

»  Ramp meters should only be deployed at locations that provide sufficient area for traffic control
devices, vehicular storage, and vehicular acceleration to freeway speeds.

e Extended ramp metering operations should be based on core metering periods, whereby,
individual ramp meters can either initiate or terminate metering operations before or after the
core metering period based on mainline or on-ramp operating thresholds. However, ramp
meters should not be allow to turn on and off based on minor changes in traffic flow conditions
(i.e., once initiated, the meter should continue through the core metering period, and conversely,
the meter is terminated at the end of the core metering time period or when the threshold values
are not met).

e Ramp metering thresholds should be based on measurable values of mainline occupancy, speed,
and/or volumes which can predict the starting and ending times of mainline congestion. These
metering thresholds, available geometry, and accident rates should be used as guidelines in
implementing new ramp meters or providing extended metering on urban freeways..

e On-ramps should not be metered when the demand volumes do not exceed 250 vehicles per
hour or mainline freeway conditions cannot be provided with any measurable benefit from the
dispersion of traffic (e.g., freeway mainline occupancy levels lower than 12 percent or greater
than 35 percent).
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PERFORMANCE MEASURES FOR RAMP METERING

To effectively operate ramp metering systems and ascertain funding for the design,
construction, operation, and maintenance of this freeway management control device, departments
of transportation need to establish performance measures that can easily be calculated and attributed
to an operational ramp metering system. The performance measures must take into account the
operation and safety of the adjacent arterial street network, on-ramp, and freeway. This section
reviews the current surface street and on-ramp and mainline performance measures used by
departments of transportation and other possible measures-of-effectiveness for single-lane and
multiple-lane ramp metering. Based on this information, a set of performance measures were
proposed for multiple-lane ramp meters.

Surface Street and On-Ramp Performance Measures

To properly measure the operating performance of a metered on-ramp, the operation and
safety of the surface streets servicing the on-ramp and the on-ramp should be considered. From this
research, the following surface street and on-ramp performance measures were identified.

Performance Reliability

The concept of ramp metering performance reliability is a measurable value used to evaluate
a local ramp meter’s ability to maintain the target metering rate established through either local
traffic responsive or system control (17). The performance reliability is the percentage of time
during metered conditions that the ramp meter can maintain the target metering rate. The potential
inability to maintain the target metering rate can typically be attributed to either excessive queues
and/or traffic control design or operation problems (e.g., improper placement of demand detectors).
Therefore, a ramp meter maintaining a performance reliability of 100 percent meets the objectives
of the intended ramp metering policy for a given freeway. However, it should be noted that this
proposed performance measure does not indicate whether the overall ramp meter system meets the
established freeway management objectives.

Queue Containment

Queue containment provides an indirect measurement of the metered on-ramp’s relative
safety and adequacy of the geometric and traffic control design features (17). Queue containment
is defined as the percentage of time that the vehicular queue on a metered on-ramp is maintained
within the area between the ramp meter stop-bar and the point prior to queues interfering with traffic
at the upstream signalized interchange terminal, service road, or freeway. The higher the queue
containment value, the lower the probability is that queued vehicles will contribute to accidents
within the influence area of the metered on-ramp. The Colorado Department of Transportation uses
queue containment indirectly by providing excessive queue overrides that prevent queue spillbacks
from occurring (18).
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Platoon Dispersion

A simple on-ramp measure-of-effectiveness is platoon dispersion. This measurement
indicates whether or not the ramp meter distributes vehicles evenly into the freeway traffic stream.
The effectiveness of platoon dispersion can be represented by the average vehicle headways
upstream of the merge point on the on-ramp and through the variance in headways. The New York
Department of Transportation uses platoon dispersion as one of their ramp meter measures-of-
effectiveness (19). This measure identifies whether or not an agency meets the primary objective
of ramp metering; the regulation and dispersion of vehicles into the freeway traffic stream. It should
be noted that platoon dispersion is basically a measure of the ramp meter controller strategy used.

Average Control Delay

The average control delay at a metered on-ramp is the time a motorist is delayed by the ramp
meter signal. This measure of effectiveness is used by several agencies, including the Texas
Department of Transportation, to ensure that motorists will tolerate and adhere to ramp meters.
Average control delay is somewhat misleading because in many situations the extra delay incurred
at the on-ramp represents an overall savings in travel time within a section of freeway. Therefore,
this measure-of-effectiveness is not heavily relied upon in evaluating ramp meter operations.

System or Mainline Measures of Effectiveness

The primary ramp metering measures of effectiveness are realized from the mainline or
system perspective. The majority of agencies use a combination of the following five measures-of-
effectiveness for freeway systems which maintain ramp meters or other freeway management tools:
travel speed, travel time, volume, fuel consumption, and accidents. Each one of theses measures of
effectiveness have been shown to be enhanced by the installation and operation of ramp meters
through traditional before-and-after studies. However, the problem with mainline or system
measures of effectiveness, as expressed by several agencies interviewed, is the inability to quantify
the incremental benefits realized from ramp metering. Therefore, the five measures of effectiveness
(speed, travel time, volume, volume, fuel consumption, and accidents) used to show the benefits of
ramp metering can only be subjectively measured due to the dynamic nature of freeway systems and
the other freeway management strategies already functioning or being implemented.

Proposed Measures of Effectiveness for Ramp Meters

Based on the information provided above and the discussion with staff from several
departments of transportation, it is recommended that all the measures of effectiveness presented
continue to be utilized in the proper context. Furthermore, agencies should conduct extensive
before-and-after studies to provide proper evidence of the benefits realized from metering urban
freeways. An area which all the departments of transportation agreed needs attention is the
development of ongoing performance measures that can provide more conclusive evidence of the
day-to-day benefits of this freeway management technique, especially with regard to the single-lane
versus multiple-lane ramp meter with and without preferential lanes.
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APPLICATION OF RESEARCH: RAMP METERS IN MARYLAND

To demonstrate the benefits of this research, the proposed guidelines for applying single-lane
and multiple-lane ramp meters, operating ramp meters in inclement weather conditions, extending
ramp meter operations to non-traditional commuting time periods, and measuring the performance
of ramp meters were used to evaluate the feasibility of operating ramp meters in Maryland. To
conduct this research application evaluation, the Maryland Department of Transportation identified
eight interchange locations along the Capital Beltway (Interstates 95, 495, and 270) and Interstate
95 for potential deployment of ramp meters. In addition, the department provided geometric and
traffic operation data at these interchanges. Using the information provided, each on-ramp was
evaluated for metering using the guidelines established through this research.

Study Locations

The research application evaluation focused on eight interchanges locations, comprising 22
on-ramps, along the Capital Beltway and Interstate 95 in Maryland. These interchange locations and
on-ramps were selected due to the recurrent congestion experienced during the morning and evening
commuting time periods. The location of each study interchange is shown in Figure 6 and the
geometric and operational attributes of each on-ramp are summarized in Table 9.
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Figure 6. State of Maryland Study Interchange Locations.
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Table 9. Study Location On-Ramp Conditions.

On-Ramp Mainline
Volume (vphpl) | Volume (vphpl) On-Ramp On-Ramp
Interchange Direction Width* Length
AM PM AM PM

Maryland SH 198/ WB to SB 1,200 750 1,688 1,030 24'+ 8 >3,000'
Interstate-95

EB to SB 700 N/A 1,863 N/A 15'+ 8 1,000'
Maryland SH 187/ SB to WB 1,550 1,100 1,425 1,233 25 1,500'
Interstate-270
Maryland SH 97/ SB to WB 720 420 | 2,061 1,860 22 1,700'
Interstate-495

SB to EB 650 700 1,859 1,653 22! 800"

NB to WB 980 1,230 1,979 1,665 22! 600'

NB to EB 400 650 1,871 1,678 22! 1,600'
US Highway 29/ SB to WB 1,535 800 1,758 1,608 24 1,900'
Interstate-495

NB to WB 300 300 1,845 1,633 24 900"

NB to EB 400 1,200 1,646 1,490 20" >3000'
Maryland SH 650/ SB to WB 450 350 1,346 1,276 24 1,900'
Interstate-495

SB to EB 950 700 1,641 1,615 24 900"

NB to WB 915 700 1,253 1,226 20 1,200

NB to EB 900 550 1,748 1,609 16' >3,000
Maryland SH 202/ SB 900 1,205 865 1,451 24"+ 4' >3,000
Interstate-95/495

WB to NB 1,325 1,000 1,315 1,454 16'+2' 1,200'

EB to NB 600 650 1,390 1,441 16'+ 4' 2,500'
Maryland SH 214/ WB to SB 700 500 890 1,540 16'+2' 1,200'
Interstate-95/495

WB to NB 550 350 1,328 1,404 16'+4' >3,000

EB to SB 325 930 965 1,423 16'+4' 2,000

EB to NB 825 850 1,346 1,304 16'+2' 1,300'
Interstate-295/ SB to WB 500 1,975 1,478 1,405 14'+ 12 2,500'
Interstate-95/495

NB 2,000 1,275 N/A N/A 24'+ 12" >3,000'

* On-ramp widths represent the existing travel lane width plus the shoulder width.
Note: Appendix B provides more detailed operation and geometric data for each on-ramp.
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Ramp Meter Feasibility Study

To properly evaluate the feasibility of managing the recurrent congestion on the Capital
Beltway and Interstate 95, the weekday a.m. and p.m. peak hour volumes for the on-ramp and
mainline travel lanes, aerial photography, and “as-built” construction plans of each study interchange
were reviewed against the guidelines developed in this paper. Each on-ramp was evaluated to
determine the proper ramp meter design strategy and examined for appropriate geometric elements
and inclement weather monitoring capabilities to operate the selected ramp meter design. Table 10
is a summary of the on-ramp feasibility study results. Appendix B provides a summary of the
geometric and operation data used to conduct the feasibility study.

As shown in Table 10, the majority of the on-ramps maintain the proper geometric elements
to operate the selected ramp meter design strategy. Several of the on-ramps (i.e., marked
single/multiple) will require additional analysis to determine if the single-lane design strategy is
sufficient to accommodate the expected arrival patterns at on-ramps that maintain demand volumes
between 750 and 900 vehicles per hour. It should be noted that all of the on-ramps could be metered
provided that some on-ramps are widened to accommodate the multiple-lane ramp meter design
strategy, except for the Maryland State Highway 97/Interstate 495 northbound-to-westbound loop
ramp. This ramp does not maintain enough space for vehicles to queue and accelerate up to 60 miles
per hour; however, the department may consider designing the acceleration area to 45 mile-per-hour
design standards to allow for the installation of a multiple-lane ramp meter.

In addition to the ramp meter design strategy selection and geometric evaluations performed
at the eight interchange locations, weather records were reviewed to determine the need to provide
ice and snow monitoring at possible ramp meter locations. This area of Maryland experiences a
significant number of days during the wintertime months where on-ramps and freeways are exposed
to ice and snow. Based on the review of available closed-circuit television units maintained by the
Maryland Department of Transportation, four of the eight interchange locations would need to be
provided with closed-circuit television, pavement sensors, or other monitoring devices to ensure the
operational integrity and safety of metered ramps during inclement weather conditions.
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Table 10. Maryland On-Ramp Feasibility Study Results.

Type of Adequate Adequate CCTV
Interchange Direction Ramp Meter Width? Length? Available?

Maryland SH 198/ WB to SB Multiple YES YES NO
Interstate-95

EB to SB Single/Multiple Marginal YES NO
Maryland SH 187/ SB to WB Multiple YES YES YES
Interstate-270
Maryland SH 97/ SB to WB Single YES YES NO
Interstate-495

SB to EB Single YES YES NO

NB to WB Multiple Marginal NO NO

NB to EB Single YES YES NO
US Highway 29/ SB to WB Multiple YES YES NO
Interstate-495

NB to WB Single YES YES NO

NB to EB Multiple NO YES NO
Maryland SH 650/ SB to WB Single YES YES NO
Interstate-495

SB to EB Multiple YES YES NO

NB to WB Single/Multiple NO-Multiple YES NO

NB to EB Single/Multiple NO-Multiple YES NO
Maryland SH 202/ SB Multiple YES YES YES
Interstate-95/495

WB to NB Multiple NO YES YES

EB to NB Single YES YES YES
Maryland SH 214/ WB to SB Single YES YES YES
Interstate-95/495

WB to NB Single YES YES YES

EB to SB Single YES YES YES

EB to NB Single/Multiple NO-Multiple YES YES
Interstate-295/ SB to WB Multiple Marginal YES YES
Interstate-95/495

NB Multiple YES YES YES

Note:  The feasibility study results presented in this table are based on the application guidelines developed through
this research and the operational and geometric data obtained from the Maryland Department of Transportation
and summarized in Appendix B.
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Summary of Feasibility Analysis

By using the application and operating guidelines presented in this paper, it was determined
that the eight interchanges on the Capital Beltway and Interstate 95 in Maryland could benefit from
the installation of multiple-lane ramp meters. The on-ramps at the study interchanges were deemed
feasible from a geometric and operational standpoint using either a single-lane or multiple-lane ramp
meter. It should be noted that the auxiliary lanes used on Maryland freeways complemented the
geometric requirements of metered on-ramps associated with vehicular queuing, acceleration, and
merging. Furthermore, it is recommended that the Maryland Department of Transportation
investigate the possibilities of extended metering at these interchange locations once ramp meters
are installed on the Capital Beltway and Interstate 95.
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CONCLUSIONS

This paper was designed to provide a better understanding of the geometric and operation
issues associated with multiple-lane ramp meters, and guidelines for applying, designing, and
operating this freeway management technique. The application of the multiple-lane ramp meters
were compared to the traditional single-lane ramp meter design strategy. Based on the research
conducted, it was determined that the multiple-lane ramp meter design strategy maintains several
different geometric and traffic control elements and provides superior operational flexibility to the
traditional single-lane ramp meter design strategy. The benefits of this design strategy included:

e Multiple-lane ramp meters provide the ability to meter a wide-range of on-ramp demand
volumes, ranging from approximately 200 to 1,800 vehicles per hour, compared with the
traditional single-lane configuration, which can only effectively accommodate up to
approximately 900 vehicles per hour.

e  The additional queue storage (queue reservoir) area provided under the multiple-lane design
strategy nearly doubles that available under the single-lane design strategy and provides the
ability to handle increased on-ramp demand volumes and platoon arrivals from upstream traffic
signals more effectively.

e Multiple-lane ramp meter configurations allow agencies to provide preferential lanes to
carpools, vanpools, and transit vehicles. This promotes single-occupancy vehicle reduction in
accordance with the Clean Air Act (CAA) of 1990 and Intermodal Surface Transportation
Efficiency Act (ISTEA) of 1991.

e Multiple-lane ramps tend to provide a better self-enforcement environment when compared to
single-lane configurations because of the presence of motorists next to one another.

In addition to the application and operational features of multiple-lane ramp meters, it was
determined that this freeway management technique can effectively operate under inclement weather
conditions and during non-commuting (non-peak) time periods provided the proper precautions are
taken by departments of transportation. Also, the procedures for evaluating the need for ramp
metering systems and measuring the performance of operational systems were reviewed to provide
better guidance to freeway managers and transportation management centers. From these
evaluations, it was determine that more definitive on-ramp and mainline warrants are available or
can be developed by individual states for ramp metering installations and weekday metering, and
several on-ramp and mainline performance measures can be used to evaluate this freeway
management technique.
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SUMMARY

Recent advancements in transportation technology and trade legislation have placed an
increased emphasis on the efficient operations of border crossings, and have the potential to greatly
improve traffic operations at border crossing facilities. This introduction of new technology and
legislation has brought to light the interagency problems that can occur at a transborder location.
Various agencies have different and at times conflicting needs in order to provide border operations.
The problem of different agencies requiring similar information while not cooperating to receive this
information from the private sector is also an issue. Without acceptance of this automated features
within these agencies this technology will fail.

The objectives of this research were to: identify institutions and environmental conditions
involved with border crossings; identify the role institutions have in effectively operating border
crossings; identify the institutional barriers toward Intelligent Transportation Systems (ITS)
deployment; develop a methodology toward alleviating these barriers; and apply the criteria
established to a case border city to demonstrate success or failure at the study location. The agencies
involvement in management of the facility was discussed, including the general information required
by each agency to provide operations. In addition, the current ITS system components were
discussed with emphasis placed on current ITS deployment locations.

This research was undertaken with the goal of answering three questions: “What ITS
technologies are currently used by border facilities?”, “What are the public and private sector
concerns toward ITS deployment?”, and “What method can be used to resolve these concerns to
allow the effective use of this technology?”.

The research was approached through a literature review and a telephone survey of both
public and private agencies involved in the operations of border facilities along both the U.S.-
Mexico and U.S.-Canada borders at six ITS locations. The six locations were selected based on the
current deployment of ITS under the North American Trade Automation Prototype (NATAP). A
questionnaire was developed and administered to transportation officials to determine the current
institutional concerns regarding ITS for each of the locations. Survey respondents involved both
public and private agencies with a return of 13 of the 35 surveys issued.

The results of the surveys indicated that while each border crossing is unique, the basic
operations and barriers toward ITS are similar. Below is a listing of the most common concerns.

e Organizational, regulatory, human resources, and technical requirements were the barriers
identified through the survey. Organization structural differences between public and private
agencies and management practices were major barriers toward ITS deployment.

e Customs and Immigration officials have the most difficulty with the acceptance of ITS due to
their roles of security and enforcement. In order to facilitate acceptance of ITS within
departments, security measures relevant to ITS at un-manned toll plazas must be adopted and
strictly enforced.



e Private commercial shippers are unsure of ITS technology. They see potential benefits
associated with the use of advanced technology, but are uncertain of which components will be
installed. Different border crossings are equipped with various systems and devices, resulting
in a lack of consistency.

»  Equity of use between large and small commercial shippers is an important barrier that must be
addressed. Allowing larger companies the opportunity to use ITS without involvement of
smaller companies is seen as an unequal distribution of the technology.

» U.S.-Canada crossings are operating in a positive environment. Cooperation between agencies
within both countries has been positive, but policy and procedure problems still hinder
advances.

e U.S.-Mexico crossings are not as advanced in ITS deployment as U.S.-Canada crossings. The
problems associated with smaller independent shipping companies and an unclear definition of
the benefits hinders deployment at U.S.-Mexico border facilities.

The survey findings suggest that while ITS technology can benefit both users and nonusers
at border facilities, management structure and limits on human resources are the primary
impediments to effective deployment. Development of an interagency taskforce encompassing
officials from both private and public organizations is key to addressing concerns of all ITS
stakeholders at crossings. Without a multi-agency taskforce and a common interagency goal,
communication between agencies leads to ineffective operations of automated border crossings. The
findings demonstrate the need for active federal and state involvement in order to receive
participation from commercial vehicle operators. Involvement must be equal between public and
private agencies, but have a proactive manager within the taskforce.
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INTRODUCTION

Over the past decade, the transportation industry in North America has witnessed a change
in trade relations. The North American Free Trade Agreement (NAFTA) attempts to remove the
trade barriers between Canada, United States, and Mexico in order to provide efficient movement
of goods and materials across borders. These countries realize that the world is moving toward a
global economy, and trade restrictions reduce the economic potential of friendly nations.
Throughout Canada, United States, and Mexico, coalitions are organizing around one central theme:
better roads and efficient operations mean more trade and money (1).

The introduction of technology associated with Intelligent Transportation Systems (ITS) may
further remove trade restrictions by reducing delays and improving operations at border crossings.
Private participants of ITS implementation at border crossings believe that there will be no potential
customers unless all three agencies, i.e. transportation, customs and immigration, in all three
countries agree to implement automated, integrated border crossing systems (2). Thus, there is a
clear need to determine who the stakeholders are in a successful trade system in order to address
concerns.

NAFTA represents an important milestone in history, encouraging the growth of trade and
commerce throughout North America (3). Although the key element of the agreement was the
reduction in tariff barriers, it also called on the Customs administrations of the three countries to
streamline and standardize their processes with current technology improvements in order to
facilitate trade (4). The introduction of electronic data interchange (EDI), integrated databases,
automatic vehicle identification (AVI), weigh-in-motion, in-vehicle computers, and electronic
sensors are the primary components relevant to application of ITS in order to streamline procedures.

With these advances in technology, a need exists for agencies associated with the operation
of border crossings to update their procedures and implement available ITS technology.
Unfortunately, the current institutions do not always foresee the potential of ITS and it is these
agencies that provide the most resistance toward complete acceptance of ITS at border crossings to
aid information exchange (2). The old adage “if it is not broke do not fix it” becomes a common
stance against any attempt toward advancement of procedures via ITS. An example of this problem
is that Mexican transportation regulations are currently federal, while U.S. regulations are state-based
(2). A common format must be established between these nations that is acceptable for all parties.

Unfortunately, problems are also prevalent within the United States. Despite years of federal
transportation legislation encouraging cooperative, continuing, and comprehensive planning
designed to integrate both planning and operations between agencies, the trend has been toward a
greater disaggregation of responsibilities and “double work™ to ensure the status and existence of
individual agencies. The recent development of the North American Trade Automation Prototype
(NATAP) is an attempt toward combining responsibilities of agencies into a common information
format that is readable by all parties. Even with the NATAP project, there are still agencies that are
not supporters of ITS. Addressing these institutional constraints both externally and internally by
applying criteria for institutional changes is critical to the success of ITS at border crossings.
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Problem Statement

Current practices used by Customs agencies restrict the capacity of border crossings. The
need for documentation of travel information requires cumbersome paperwork and formalities. This
documentation is required to ensure that private shipping companies follow regulations pertaining
to import and export tariffs. By increasing travel time at border crossings, the costs for goods
movement increases. To make the operation of border crossings more efficient and to reduce the
travel time and costs associated with the transport of goods, a computerized format should be used.

Many agencies have been developing and operating their own stand-alone automated systems
(5). A complete government-wide system must be developed to ensure system compatibility at all
crossings. By identifying the organizations that will be using advanced border crossing technologies,
improvements in operations within the organizations could be realized through increased manpower
efficiency. The successful introduction of an automation process will require the cooperation of all
agencies responsible for international trade. Understanding needs of agencies involved in operations
of border crossings is required in order to increase the capacity of goods movement between nations
and remove opposition to deployment.

Study Objectives

The goals of this report were to present an overview of the basic issues involved in ITS
deployment, to identify potential solutions toward addressing these issues, and to provide a
recommended procedure for efficient deployment at border crossings. A case study is included to
demonstrate the effectiveness of this procedure. The following is a list of tasks for this study.

1. Identify institutions and environmental conditions involved with border crossings and the
current role institutions have in efficiently operating border crossings.

2. Identify the issues associated with incorporating electronic data interchange (EDI), integrated

databases, automatic vehicle location (AVL), automatic vehicle identification (AVI),

weigh-in-motion, onboard computers, and electronic sensors into the operations of crossings.

Catalogue these difficulties and recommend approaches to alleviate these problems.

4. Review relationships between institutions and determine how technology can benefit
institutions as a whole and individually. This will compare and contrast how border crossings
are currently operating.

5. Recommend methods that incorporate ITS into the border crossing arena to aid all institutions
in determining a common goal.

6. Propose criteria required for implementation of ITS to improve operations and institutional
cooperation.

7. Apply established criteria to a case border crossing and recommend reasons for success or
failure at this study location.

(98]

Study Methodology
To gather the data required to produce this report, two approaches to locate information were

utilized. First, a bibliographic search was performed, drawing information from both the Internet
and relevant documents. Information was collected from the United States General Accounting
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Office, U.S. Customs, and the Ontario Ministry of Transportation. In addition, a telephone survey
of federal, state, government and private organizations was conducted. Personnel interviews of
researchers at the ITS Research Center of Excellence, program engineers at the Federal Highway
Administration, and private consultants were conducted to gain a perspective of the basic
institutional barriers and operational problems at border facilities. A comprehensive list of all
sources, including individuals that provided material for this research, is included in the reference
section.

Study Scope

Installation of ITS technology at border crossings will benefit both users and nonusers
through reduced delays and congestion and subsequent cost savings. The vast information currently
available on border crossings required that the scope of this project include only cities which are
applying ITS technology. Specifically, the focus was on four locations between the Mexican/U.S.
border and two locations along the Canadian/U.S. border. The primary focus was on how these
institutions incorporate ITS into policies and operating procedures. The development of trade and
transportation information dissemination procedures and policies is also addressed within this report.

Study Organization

A general overview of the issues surrounding ITS deployment is given, followed by specific
issues related to crossings at the U.S.-Canada and U.S.-Mexico borders. Recommended procedures
for correct ITS deployment in harmony with the requirements of individual agencies at a transborder
facility are presented. Examination of the procedures through a case study of the institutional
barriers at a U.S.-Canada crossing are also included.

The need for addressing the implementation issues of ITS is provided in Section 1. General
information regarding the role federal and state agencies have in border crossing trade practices,
operations, and current technologies used at ITS deployment crossings is documented in Section 2.

An overview of institutional issues that hinder deployment of ITS is provided in Section 3.
Each general issue is described as they apply to nontechnical barriers to automated installation. The
agencies involved and their needs relevant to ITS is discussed in Section 4. The major functions of
a transborder facility are outlined, and each agency’s role is documented. The current procedures,
technologies, and their effectiveness are addressed for the six NATAP locations.

The survey findings and deployment concerns are documented in Section 5. The advantages
and disadvantages of ITS are presented along with identification of recent problems encountered
between agencies. Conclusions based on the literature and survey findings are documented in
Section 6.

The recommended procedures for addressing the institutional barriers identified in Section
3 are presented in Section 7. A case study is presented to demonstrate the effectiveness of the
recommendations. The strengths and weaknesses of the procedures are also identified.
Recommendations and potential topics for future studies are also provided.
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INTELLIGENT TRANSPORTATION SYSTEMS

The role of new technologies in changing the transportation of goods and people is not clear.
The new technology is confronted with limits on funding within the public sector and an unclear
understanding of the benefits for commercial vehicle operators and private citizens. The role of
federal and state agencies in the allocation of funds is continually changing. While the funding
concerns will always be complex, ITS technology can benefit users, nonusers, and operators. The
following is a listing of the benefits foreseen by public and private sector ITS participants (6).

»  Regulating and documenting the physical dimensions of commercial vehicles to ensure that the
equipment conforms with preset standards. The age and maintenance records can be recorded
for private companies to allow tracking of equipment maintenance.

» Improving operations at gate-regulated facilities by allowing preauthorization clearance of both
commercial vehicles and private autos. Random vehicle inspections will continue to be
practiced at security check points, but overall operations will improve by a reduction in delays
due to congestion at toll plazas and land-based border crossings.

»  Developing a working relationship between both private and public agencies. Public agencies
will benefit from the information provided from commercial companies by being able to reduce
manpower requirements for inspections.

e Improving security by reducing the potential for contraband movement. Development of
consistent practices, regulations, and procedures for the transportation of goods will be provided
through computerized manifest information. These computerized manifests will allow instant
access to cargo information and the weight of the truck.

»  Providing benefits to private agencies involved with automation through improved internal
operations.

Role of Government Agencies

Federal governments’ role in application of ITS involves development of the technology and
communication standards, deployment of this technology and maintenance of the roadside features.
Federal transportation agencies have developed this technology through partnerships with private
vehicle manufactures and enterprises. The initial cost of ITS technology is high and without the lead
support of the government, no advances could be made within private industry. Research and
development has progressed well, but limited funds slow deployment.

Deployment of roadside communication features and in-vehicle devices is costly, and only
a limited number of locations can be funded for testing, reducing the potential benefits to both users
and nonusers at all facilities. Roadside communication features are installed by public agencies and
private commercial carriers are responsible for the in-vehicle technology installation. Inclusion of
ITS technology by commercial vehicles benefits governmental agencies by (7):

e reduced operational inefficiency;

» reduced enforcement procedures;

» reduced volumes of paperwork; and
e reduced administrative complexity.



Maintenance of the roadside features will be an ongoing role that both federal and state
government agencies must effectively address if automated technology is to continue to perform up
to expectations. ITS technology must be incorporated into the routine maintenance of the roadway.
Special emergency maintenance procedures must be developed to reduce operations downtime in
the event of the loss of roadside features.

Role of Commercial Carriers

Within the deployment process, the commercial carrier is responsible for the maintenance
of in-vehicle technologies. Automated prototype programs, such as the North American Trade
Automation Prototype (NATAP), give ITS technology to trucking companies for use during the
study period duration. This is an attempt to demonstrate the effectiveness of these products and to
show private companies that public agencies are in support of this new technology. Commercial
carriers are also responsible for several other actions in order to maintain efficient operations within
the program, including the following (8):

* establishment of toll and tax accounts;

e provision of qualified drivers for preclearance programs; and

» development of relationships between drivers, shippers, brokers and inspection agents to ensure
close and positive communication.

ITS at Border Locations

Currently there are six border locations testing this ITS technology: four on the U.S. southern
border and two on the northern border. These locations coordinate automated systems and the
reductions in trade restrictions under NAFTA trade through the North American Trade Automation
Prototype (NATAP). The primary objectives of NATAP include (9):

» enhancing overall border crossing system efficiency;

e promoting transportation safety;

e supporting industrial development;

e encouraging tourism;

» enhancing producer access to international and regional markets; and
» improving level of service provided to all transportation users.

The technologies currently being used at NATAP test locations are listed in Table 1.
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Table 1. Current Automated Systems Under NATAP (10).

Computer System Purpose Technology
Electronic Payment Systems (EPS) | Allows toll payment of both AVI, EDI, DSRC
commercial and private vehicles
Automated Manifest System (AMS) | Sends manifests of imported Telex, AVI, AVL,
goods to Customs officials EDI, DSRC, barcode
Automated Commercial System Allows cargo and driver tracking | AVI, AVL, EDI,
(ACS) DSRC, barcode

Automated Broker Interface (ABI) Allows broker access to AMS AVI, AVL, EDI,
DSRC, barcode

Commercial Vehicle Operations Removes paperwork and Weigh-in-motion
(CVO) enhances security

Advanced Vehicle Control and Provides safety of commercial On-board computer
Safety Systems (AVCSS) trucks monitoring

Electronic Payment Systems (EPS) facilitate commercial and non-commercial travel by
enabling travelers and shippers to pay for tolls through the use of smart cards and AVI technology.
The system includes hardware and software for roadside and in-vehicle use, driver payment cards
or tags, a financial accounting system, and a communications system between vehicles and the
roadside. The dedicated short range communications (DSRC) is the backbone of AVI
Communications between the transponders and the towers allow information to be processed prior
to entering the border facility. EPS allows drivers to pay tolls without stopping, thus decreasing
delays and improving border productivity. The system could include any combination of debit and
credit value capabilities. EPS are installed in various configurations, including mainline plazas and
EPS only booths. Specific components of the system include automatic vehicle identification,
automatic determination of tolls for differing classes of vehicles, automated enforcement of
violations, and flexibility in financial payment.

The Automated Manifest System (AMS) links shippers, brokers, and customs agents through
the Automated Broker Interface (ABI) and the Automated Commercial System (ACS) and provides
data as to the origin, destination, and cargo of a commercial vehicle. These three systems work in
conjunction with each other, using bar codes to permit quick approval of repetitive shipments from
experienced shipping companies (10).

Commercial Vehicle Operations (CVO) aim to facilitate commercial trucking by encouraging
the use of electronic systems as partial substitutes, and eventual complete replacements for, the
paperwork required to comply with state and federal regulations (11). These ITS systems include the
use of weigh-in-motion technologies, systems designed to immediately notify authorities in case of
accidents, and access roadway monitoring systems to enhance safety and improve efficiency. If
developed and applied correctly, CVO techniques have the potential to increase the efficiency with
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which agencies do their job, while at the same time decreasing the time and cost required by trucking
firms to comply with the various state and national regulations and requirements (4).

The Advanced Vehicle Control and Safety System (AVCSS) employs devices which provide
collision avoidance warnings and automatic braking controls (12). It includes installed sensors in
cargo containers that are scanned via computers and uses electronic tracking equipment to check for
faulty brakes and other vehicle problems that could lead to accidents.

Among the core technology features, the key is a communication bridge between the public
entities and the transportation goods movement providers. Through linking data from the features
into a comprehensive and uniform information system, deployment of ITS technologies within
commercial vehicles will develop movement toward advances in ITS private auto services. Since
deployment of ITS is within its infancy, compatibility with the emerging system architecture is
essential to assure interoperability between different border crossing locations.
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INSTITUTIONAL ISSUES

The procedures surrounding border crossings have changed recently with NAFTA legislation.
North American countries are more apt to allow goods movement across borders and remove trade
restrictions to ensure their place in the growing world marketplace. Since as early as 1989, trade
restrictions between Canada and the United States have slowly been reduced, allowing companies
on both sides of the border the opportunity for new markets (13). Federal governments within both
countries have heard the demands from businesses to allow for a free marketplace and have acted
positively, resulting in a growth of exports, imports and an overall good relationship between public
and private organizations.

Unfortunately, attempts toward similar practices between the United States and Mexico have
not had completely positive results due to the large differences in federal requirements between the
two countries (14). The differences in definitions and dimensions of cargos and commercial vehicles
is only one example of two federal policies in conflict. NAFTA attempts to identify procedures that
are acceptable to both countries, but the process is difficult and slow. This difficulty is compounded
by the differences in both language and culture.

Even with all the differences between the three countries, NAFTA has brought about growth
in trade. Revenue on both sides of the Unites States border due to commerce has increased as much
as 40 percent at certain locations with expectations for even higher increases once NAFTA is fully
functional in the coming century (15).

Although there is an expected increase in trade, the current operations of border crossings
tend to be a limiting factor in increased trading. Organizational, regulatory, human resources, and
technology requirements are institutional issues that hinder ITS deployment.

Organizational

The relationship between the public and private sector has not always been positive.
Differences in public and private agency structures make defining roles and responsibilities for ITS
deployment difficult. Public agencies between countries are also structured differently,
compounding the problem. Development of communication lines can be confusing due to structural
differences.

Public and private sector participants have different goals and objectives. Public agencies
strive to improve operations, whereas private partners must consider profits. This can lead to
management conflicts and differences in the expected results of the technology. Public agency
managers are required to be more formal in their management approach because of the agency
structure. Problems occur when either public or private management is poor, resulting in ineffective
communication internally and externally.
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Regulatory

Policies and procedures to ensure security of the import nation hinder increased economic
interdependence between nations. Differences in federal regulations can cause conflict between
public and private agencies in different countries. These conflicts can be detrimental toward
development of a uniform automation system.

Trade legislation within one country affects the practices of all three countries. Import and
export restrictions are designed to promote nationalism. This opposes the idea of free trade and is
problematic to an automated system because this legislation is continuously being changed.

Differences in vehicle safety standards add increased confusion to the regulatory process.
Vehicle lengths and weight restrictions differ within the three countries, causing frustration for
private trucking companies. Commercial shippers cannot cost effectively transfer goods from one
size vehicle to another simply because of weight restrictions. This lack of consistent standards
discourages communication between public and private agencies.

Human Resources

Automated systems are intended to increase the productivity of available human resources,
but public agencies cannot devote limited resources to learning how to operate this technology. This
problem also exists within the private sector. Commercial shippers operate under a profit margin
and have to incorporate costly training procedures for in-vehicle components of ITS.

Technology Requirements

Communication standards have not been completely develop to allow for uniform
transferring of information. This forces private agencies to be uncertain of the inclusion of different
types ITS technology into vehicles. System compatibility between locations increases the problems
of acceptance by private shippers. Database input requirements on cargo manifest for one location
are not always the same for other locations. The hardware required for automation also differs with
location. Private shippers are not willing to invest in several variations of the same technology.

Noninstitutional

Although institutional barriers exist, these barriers are not inclusive of all barriers toward ITS
deployment. Disagreements over how an ITS system functions and the costs associated with
deployment are also important issues. With the current state of technology, no clear product is
capable of providing all features required by both public and private agencies in a cost effective
manner. Thus, problems arise as to which type of equipment is needed, be it AVI, AVL, weigh in
motion, etc., to operate the facility. Expensive ITS merchandise that provides little in the amount
of time savings to local commercial trucking companies is not considered cost effective in the day
to day operations of the fleet.
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Another noninstitutional problem includes the perceived benefits from both federal or state
governmental agencies that fund the deployment of ITS at border crossings. It is difficult for state
agencies to justify the need for expensive technologies at a border when the actual state roads leading
to the crossing are in need of repairs. Compounded with this equity issue in cost and benefits is the
problem of a more active capital investment role that is required by U.S. agencies due to a lack of
funds available from the Mexican government. In fact, Secretary Pena said that the NATAP project
is a joint effort between the United States and Mexico, but when pressed, he acknowledged Mexico
is not allocating money to develop the technology nor to test it (16).



BORDER INSTITUTIONS

The core functions along any transborder facility consist of: equipment management, gate
operations, staging, and security (17). Several variations and additions are present at each individual
border crossing, but automated technology can aid in all basic functions at a border crossing.

Security of the country is the fundamental principle for a border crossing. Smuggling of both
persons and goods between countries is the target of both Customs and Immigration officials. Their
role is to check vehicles for illegal goods and persons entering the country and to exercise taxes on
legal import products. The operations consist of toll booths and inspection staging areas. These
facilities restrict the capacity of the border crossing, but are required to meet the basic principle of
security. Recent trends toward streamlining these practices have resulted in more efficient collection
of tolls and inspections, but there is still a significant problem with long queues and delays. Based
on areview of border crossing operations and automation, the significant stakeholders are presented

in Table 2.
Table 2. Primary Agencies Involved with Transborder Facilities
Institutions Agencies Purpose
Federal Level Customs Service Regulate trade

Immigration

Regulate immigration

Department of Agriculture

Regulate food product imports

General Services Administration

Design and overall operation of border facilities

Federal Highway Administration

Oversee transportation operations at the border

U.S. Department of Transportation

Maintain and upgrades facilities

U.S. Department of State

Report commerce activities

State Level

Department of Transportation

Maintain access roads to crossing

State Government

Oversee DOT and develop legislative procedures

Highway Patrol (DPS)

Enforce state and federal laws

Local Level

City Planning and Government

Develop local ordinances regarding border activities

Metropolitan Planning Organization (MPO)

Oversee organization of border planning and
development for twin cities

Law Enforcement

Aid in enforcement in conjunction with DPS

Alliances

Border Trade Alliance

Recommend criteria for operation improvements

North American Transportation Alliance

Regulate private trade activity

Bridge Authority

Operate crossings

Private Level

Customs Brokers

Provide shippers with tariff information

Shippers

Distribute goods
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The Planning Process

Construction of a new or redesign of an existing border facility can be difficult. Add to this
intelligent technology, and the process is even more complex. The advances that NAFTA has made
in increasing trade will require more capacity at border crossing areas. Decisions must be made as
to what to build and at what cost. Recommended agencies that should be involved in the installation
of ITS at border facilities is presented in Figure 1.

State Government Engineering &
Specifications
State DOT & l
Law Enforcement Planning & ) Private Shipping
i Design
Federal DOT

ITS
Deployment
& Operations

Customs Customs Brokers

i

Federal Government I

\ Immigration Private Autos

Figure 1. Agencies Required for ITS Deployment at Border Facilities.

Engineering & Specifications

First and foremost, an integrated governmental communication system must be established
for the planning and design components of deployment to work. FHWA, General Services, state,
Customs, and Immigration officials must develop efficient communication procedures prior to the
involvement of the private sector. Without this integrated system, private shippers will feel that
involvement within this planning process is inefficient and that the process lacks credibility. This
system must have a strong management group capable of gathering needed information in a timely
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manner from all agencies. A common interagency goal must be developed, in support of the lead
management agency or group.

A joint focus group needs to be conducted involving private companies and the federal
government focusing on specifications of the software and hardware components of this technology.
The Engineering and Specification components of this process consist of determining a common
communications format. This process is currently being established at the bridge crossings which
were standardized.

The requirement of the public sector in the communication component is to develop and
maintain the roadside environment, including transponder stations, central database, and weigh-in-
motion systems. Cooperation between federal government agencies, large automotive production
companies, and private industry will allow for continual improvements in the accuracy of the
hardware and software components of the system.

Design & Planning

The planning process must include the input of the private sector. In the past, the type of
facility required was assessed by governmental agencies. This practice cannot continue if ITS is to
be effective in improving border crossing operations. Private commercial trucking companies and
brokers must be involved with decisions regarding equipment specifications, physical planning, and
design. Without the input of the actual users of this technology, no clear need will be established.
These commercial trucking companies currently handle day-to-day operations cost effectively and
see little need in spending money for new technology. Advances in hardware will always be made,
but governmental regulation of communication specifications will need to continue to ensure security
of privileged information. If brought in at the planning stage, these companies will have input into
the requirements at the facility, thereby increasing demand. Education and involvement is the best
marketing technique for ITS.

The inclusion of the private commuter is not regarded as an important part of the design and
planning process because of the positive results found within existing ITS locations, but it is still key
for governmental officials in determining capacity requirements. Commuters across borders have
shown positive support of this technology. Problems arise with community acceptance when this
is seen as a benefit for only those that can afford it. Public acceptance must be considered, and
proper advertisement of the costs and the overall benefits for both users and nonusers will be
necessary.

Deployment & Operations: U.S.-Canada

Canada and the United States are each other’s principal trading partner, and they have the
largest two-way trading relationship in the world (18). The following sections document the primary
agencies involved in operations and the benefits of ITS improvements in operations.

Customs

Current Customs operations along the U.S.-Canada border operate in a cooperative manner
due to the large presence of “just in time delivery” and “warehouse on wheels” concepts (19).
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Canadian and U.S. Customs agencies work in an understanding accord to promote international
trade, facilitate the movement of people and goods across the border, and reduce costs (18).

The rules and regulations for both Customs agencies are very similar, and they promote
uniform interpretation and application of cargo origin rules and uniform regulations for certain
Customs procedures which aid in deployment of ITS technology (18). System architecture has been
revamped between these agencies on both sides of a border to reduce the redundancies of checking
procedures (8). The U.S. Customs agency was restructured in 1995 as a three-tiered organization
formed of people, processes and partnerships, with the emphasis on service delivery at ports of entry
(14). Canadian officials have introduced similar legislation to restructure the agency and procedures
through the Customs 2000 initiative (19).

ITS Application. The implementation of ITS technology allows Customs agents to inspect those
shipments that have a higher potential for contraband while enabling more mundane shipments faster
clearance. Inspection agents will have prior knowledge of cargo before the truck enters the facility,
reducing overall inspection time. The changes in regulations and system architecture allow for the
inclusion of unmanned toll booths with AVI readers. This reduces manpower requirements and
facilitates positive communications between Customs, familiar shipping companies, and brokers.
Staging of participating automated vehicles is reduced allowing agents more time to inspect vehicles
without ITS technology.

Immigration

Immigration regulations between the two countries are also very similar. Canadian and
United States Immigration officials share common interests and issues. The primary purpose of
Immigration officials is to regulate the entry of people into a country. Immigration officials are
required to question incoming persons about purpose and duration of stay within the country. This
can be a time consuming but a necessary task to ensure safety of the country’s citizens.

The basic operations within these agencies are similar, except Canadian Customs officials
act on behalf of Immigration Canada whereas U.S. Immigration is solely responsible for
determination of naturalization requirements (8).

ITS Application. A number of border cities have high commuter traffic resulting in increased
congestion along the border. The recent advances in AVI technology have reduced these delays by
allowing those commuters that undergo a prescreening process the ability to bypass long standing
queues while paying the toll electronically through a toll tag. Similar procedures are available for
commercial drivers. Although there are different forms, procedures, and hardware devices for
different locations, the preclearance concept remains the same, and it is effective in allowing
Immigration’s limited manpower to question persons that have not undergone the prescreening
process.

Bridge Operators

The Ambassador bridge located at the Detroit-Windsor crossing is owned by a private
company (8). The Ambassador bridge is unique because sole ownership forces both countries to
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conform to the procedures developed by the bridge owner. The other northern NATAP locations in
Detroit and Buffalo are controlled by different federal and state governmental agencies. Customs,
Immigration, State Department of Transportation, and local governments are all actively involved
in the operations of the other NATAP crossings at Detroit and Buffalo.

ITS Application. These owners/operators share a progressive approach which supports the integrated
application of advanced technologies (8). This approach involves agency agreements regarding
administrative and technical responsibilities for both operations and ITS deployment. The primary
reason for the embracement of this new technology is that owners/operators believe the benefits
outweigh the cost. In fact, agencies that operate different bridges within the same region have
developed partnerships with each other to ensure equality of ITS deployment (8). Deployment of
new technology, such as AVI or toll tags, is conducted all bridge locations (8). This is considered
sound practice to keep existing traffic patterns.

Brokers

Customs brokers provide the vital link in most commercial transactions by providing a basis
for payment of duties (19). Customs brokers are independent private organizations that provide
logistics and serve as contact points for private commercial carriers. Their primary role is to advise
shippers on tariff classification, cargo shipping rates, duty requirements, and state and provincial
sales taxes. Brokers interact with shippers by inputting data into the Customs’ computers regarding
cargo manifest information and duties paid.

ITS Application. The use of AVI technology is vital to the effective operations of the brokers
because it provides the information in a clear and understandable format for both countries’ brokers.
The manifest information is formatted to international standards and then sent to Customs agents
through telecommunication. This information can be provided in advance of the cargo reaching the
border, allowing for a reduction in delays.

Commercial Carriers

The primary operation of commercial vehicles along the border involves the common
practice of trucking companies delivering goods to their final destination point. Although this
method of operation is effective in the delivery of goods, the increased traffic along the border in
recent years demands improvements in both infrastructure and operations of these facilities.
Unfortunately, infrastructure improvements cannot always be developed to increase capacity in urban
areas where space is limited.

ITS Application. Carriers see automated technology as a means to reduce delays at crossings and
thereby save transportation costs. The prototype will allow the participants to experiment with new
concepts and operating practices without the expense associated with the design of a complete
system (18). The benefits of AVI, EDI, and toll tag technologies must outweigh the carrier costs for
investments to be made. Participation of commercial carriers within NATAP is strictly voluntary,
and the initial in-vehicle cost is minimal to companies.
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Deployment & Operations: U.S.-Mexico

The differences between the U.S.-Canada and the U.S.-Mexico border are significant. The
Federal Highway Administration identified 913 institutions along the U.S.-Mexico border, including
390 commercial carriers and 280 Customs brokers and freight forwarders (11). These are large
numbers in comparison to the U.S.-Canada border.

Customs

Current Customs operations along the U.S.-Mexico border operate in a cooperative manner,
but state and federal regulations regarding the size and weight of trucks have caused severe delays
at several border crossings. The Customs agencies work in cooperation with their counterparts across
the border, but current Mexican commercial shipping practices hinder the effective operations of
Customs officials at the U.S. border by noncompliance to size and weight regulations. The rules and
regulations for both Customs agencies are different with respect to the requirements for commercial
vehicles. Mexican Customs are more flexible with regard to information on the origin and
destination of a cargo. As aresult, random and extensive Customs inspections occur more frequently
at the U.S. port of entry than at the Mexican port of entry.

ITS Application. ITS requires consistency in guidelines in order to operate effectively. This
requirement will force the Customs agents to develop standards that meet the requirement of the
border countries. Streamlining of Customs operations by the United States will make this
standardization process more efficient and allow the use of EDI at NATAP locations.

Due to the differences in vehicle standards, safety is a concern of U.S. Customs’ officials at
these crossings. The commercial vehicle safety system provides Customs with a method to regulate
driver safety information. The capability to alert the commercial vehicle driver whenever there is a
critical safety problem or potential emergency is also provided.

Immigration

Immigration regulations between the two countries are very different. The economic
differences between the United States and Mexico require Immigration officials along the U.S.
border to perform frequent inspections. The basic operations work well with Customs’ inspections,
but they still require additional delays in order to perform inspections on vehicles that are suspicious.

ITS Application. The number of commuters is not as high as at the Canadian border, but the
potential for preclearance processes is still relevant at these crossings. Similar preclearance
procedures are available for commercial drivers.

Bridge Operators

Operations and maintenance of these crossings are controlled by joint governmental agencies
that report to both the Mexican and United States governments. This differs significantly from the
Ambassador Bridge, where operations are controlled by a private company. These agencies must
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conform to stricter regulations in order to ensure that federal maintenance and operating costs are
used more effectively.

ITS Application. Installation of ITS components at the facility will reduce the manpower
requirements of this interagency committee. Automated technologies will require improved
communication between agencies, resulting from more formal operating policies and procedures.

Commercial Carriers

Commercial vehicle congestion at international ports of entry on the U.S.-Mexico border has
increased significantly, partly as a result of reduced trade barriers between the U.S. and Mexico (11).
Mexican companies have a different type of operation along the Texas, Arizona, and California
borders as compared to their U.S. counterparts. Currently, the cross-border transfer of goods by
truck is confusing and variable from one border crossing to another. It involves a mixture of formal
and informal relationships between U.S. carriers and Mexican drayage companies (11). Drayage
refers to the movement of goods by border-only trucks which pick up a container on one side of the
border and drop the container for a final destination truck on the other side of the border. Thus, these
trucks cross borders with and without loads. These trucks increase the congestion and overall delays
along the border when they are returning to loading areas on the other side of the border without a
container in tow.

The Texas-Mexico border is unique in that: (1) 80 percent of the overland trade flow between
the U.S. and Mexico crosses in Texas because seven of the largest U.S. exporting states to Mexico
are in the Northeast and Midwest U.S., and the shortest route to Mexico is through Texas; (2)
commercial transportation between the two countries is changing; NAFTA may hasten that change,
but it is not the precipitating event; and (3) border infrastructure is being upgraded, and there is an
opportunity for ITS technologies to be implemented along with the other improvements to the
transportation system (6). This fact makes deployment of ITS at these locations vital to the overall
success of NATAP.

ITS Application. The “seamless” border crossing imagined by both NAFTA and ITS developers will
slowly decrease the amount of drayage vehicles at a border crossing. While this will reduce
congestion, it will also be detrimental to the local economy and to companies that are dependent on
this type of operation. Local drayage companies must develop the ability to deliver goods over a
long haul and not serve as the conventional “middle man”.

NATAP Locations

Currently there are six locations where ITS technology is being applied in some form at
border crossings. These crossings have been given funding by federal governments for NATAP
installation. Each site is unique in both operations, physical design, and traffic volumes. It is beyond
the scope of this project to address all of these features, but an understanding of how these facilities
operate with ITS is important to addressing the institutional issues at border crossings. NATAP
deployment cities evaluated within this report are shown in Figure 2.
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Detroit

El Paso

Figure 2. Six NATAP Locations.

Each of these cities has different components of ITS and they are also at various stages of
deployment. Typically, the northern border crossings at Detroit and Buffalo are further along due
to similar regulations between the United States and Canada. The southern crossings have had the
most institutional barriers toward deployment due to regulations, cultural differences, commercial
operating practices, and a general lack of knowledge by all parties involved as to the benefits of
NATAP. Anexample of this problem is in El Paso, where a commuter preclearance prototype was
initially planned but was rejected by the public because of the issue of equality (6). The private
commuters believed that this technology would only benefit those that could afford the technology.
Marketing of the preclearance program was not conducted to demonstrate the benefits in reduced
delays for both users and nonusers.

Buffalo, New York

NATAP deployment is underway at the Peace Bridge between Fort Erie, Ontario and Buffalo,
New York. Preliminary tests on both commercial and commuter drivers proved successful and the
current six-month testing of the prototype is underway (20). Customs and Immigration officials were
key toward acceptance. An agreement was reached between both U.S. and Canadian agents to allow
this test. If successful, the prototype is expected to be expanded to a larger group of shippers and
commuters who qualify for the program. Early in the NATAP process at this location, there was
poor communication between Customs’ officials and the private trucking industry. Private agencies
were unsure of the requirements of NATAP and Customs officials did not always respond in a timely
manner. System interoperability was the common request of commercial trucking companies, and
no clear system was presented that would work at all locations. Though this was seen as a problem
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at first, this location can be looked upon as a model of how multiple agencies can work together to
form partnerships united under a common goal of increased efficiency.

Detroit, Michigan

The system results are positive, although caution is considered here as deployment of some
features is still early. Technologies used at this crossing include AVI devices within the ACS for
commercial vehicles and transponder tags for commuters. Commercial trucking companies are
larger in size and have already streamlined their own operating procedures. These larger companies
have accepted ITS at this location, but are still apprehensive toward full implementation for fear of
unwisely investing in this technology completely. The commuting public has accepted this
technology and has increased the overall support for the system. The use of toll tags is well
established at this location, indicating that acceptance by the commuting public occurs over time.
Customs’ and Immigration officials on both sides have responded positively to the system.

Laredo, Texas

Electronic cargo seals, AVI, and brake monitoring systems are some of the technologies used
at this facility. Currently government officials consider that the costs outweigh the benefits of ITS
at this location but this is due to the amount of carriers participating within the system. It is expected
that once the system is fully operational, the reduced delays will make the system viable.

Problems encountered at Laredo include a general unwillingness of commercial operators
to change their freight shipping patterns. Southbound traffic at this location is high from 1 to 5 p.m.
daily with delays of over five hours to cross the border (6). It was suggested to commercial operators
that a change to earlier shipments would reduce the congestion, but the response to this basic request
was almost nonexistent. This solution deals more with manual processes but demonstrates the
general lack of acceptance toward innovation. A change in the overall perception of the problem
needs to occur at this crossing in order for ITS to work. The general thought is to build new
infrastructures in order to eliminate the problem.

El Paso, Texas

Customs operations have had to make significant changes in order to accommodate the large
increase in traffic at the El Paso border (17). Reductions in manifest requirements and an AMS have
been incorporated into operations allowing more efficient movement of common commercial cargos.
This system was developed in conjunction with Mexican Customs and has shown positive results.
Customs brokers continue to use the system to relay information to Customs officials. The reduced
data system has brought about a trusting relationship between brokers, shippers, and Customs.

An internal problem with this system is that Customs does not have the manpower required
for efficient data input into the system. This issue is currently being addressed, but Customs agents
have to serve the dual purpose of both inspection and inputting data. This facility has also allowed
more technological advances within the NATAP program to be implemented. Involvement with the
U.S. Treasury has also shown positive results by integrating their systems into the Customs ACS

(21).
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Barriers to trade at this facility deal primarily with local commercial operating procedures
and a general mistrust of the technology of ITS within the private agencies. Involvement of smaller
commercial shippers has also not been adequately addressed in the implementation of ITS. Small
commercial shippers see little incentives to applying ITS within their own fleets. This issue must
be addressed by involving these stakeholders in the future.

Capital improvements and ITS applications have been added to the facility at El Paso with
additional design improvements currently underway. The source of funds for implementation is a
significant problem. State officials are considering support, but their support is mainly focused on
physical improvements of the crossing area. Funds tend to be allocated toward physical
infrastructure rather then investing in ITS to address the problems. This fact stems from the local
lack of trust of new technology benefits mentioned previously.

Nogales, Arizona

AVI and EDI technology is currently in use for commercial shippers who registered in
NATAP. The procedure is known as "Prepass" in the NATAP process (6). Participating carriers
have radio frequency transponders (DSRC) that work in conjunction with the operating system. A
taskforce was initiated to deploy this technology. The primary concerns of the group focused on the
involvement and support of the Mexican Customs brokerage industry and the need for Mexican
agencies to coordinate their efforts in the clearance of cargo.

The Nogales project includes restructuring of operating procedures and management of
personnel within U.S. Customs and Immigration. The change in procedures, brought about by
federal regulations, allows officials more time to inspect non-routine shipments. Education of
inspection officials regarding this new technology has been important to acceptance. It is hoped that
these procedural changes increase the efficiency of the port and will serve as an example of new
inspection procedures for other crossings.

Otay Mesa, California

NATAP use includes AVI tags and EDI for commercial vehicles. Driver preclearance for
both commercial and commuter drivers is operational with positive results. The primary concern
at this facility is the limited number of Customs’ officials. ITS deployment has been hindered by
this lack of manpower, resulting in limited effectiveness of operation. Customs’ officials have
recently added new technology, which enables Customs to X-ray entire trucks to determine the cargo
(16). This has increased the capacity of the limited manpower at this facility allowing agents to do
more with less. Immigration officials employ radio frequency tags, antennas, and other automatic
vehicle identification devices in a program known as Secure Electronic Network for Travelers’
Radio Inspection (SENTRI) (2). To date, this operation has proven effective and has provided a
framework for installation of other forms of automation within the Immigration agency. This
program allows Immigration officials the ability to segregate traffic into low and high risk groups
and reduces the amount of inspection time.

Overall, this crossing has seen some of the potential benefits in reduced congestion and
inspection times with ITS, but the primary agencies which required the most change for acceptance

D-20



were the Customs and Immigration agencies. Each of these agencies had to restructure their
procedures to adapt ITS. Poor communication was seen as contributing to interagency problems.
The solution used to address this problem was a multi-agency taskforce consisting of Customs,
Immigration, Federal, and State governments on both side of the border.

Sweetgrass, Montana
Though this location is not currently under the NATAP process, it is currently attempting to

install automated technology. There has been positive communication on both sides of the border
at the state/provincial level, but communication between federal agencies has been nonexistent.
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SURVEY RESULTS

This survey findings are documented in this section. Ofthe 35 surveys sent out, 13 agencies
responded with general concerns regarding the lack of acceptance of ITS technology by Customs and
Immigration officials. Based on the literature review and the survey responses, several issues
associated with ITS and the institutions at border crossings are presented within this section.
Significant institutional barriers have been found that are impeding the implementation of technology
at the border, including the large number of federal, state, and local agencies involved with
conflicting objectives. Examination of the institutions involved with ITS at border crossings was
made through a survey to determine successes and failures toward implementation of ITS. The
agencies where ITS solutions were not readily accepted into practice were identified within this
survey in order to target I'TS applications to better meet their needs. An example of the questionnaire
can be found in the Appendix. The respondents to the survey included officials from:

e  Federal Highway Administration e Transport Canada

e Ontario Ministry of Transportation e Toll Systems Administration
e ITS Installation Consultants e ITS Installation Consultants
*  Niagara Falls Bridge Commission e U.S. Customs

e  U.S. Immigration e ITS Researchers

e Commercial Shipping Consultants e Peace Bridge Authority

e U.S. Treasury

The following issues were addressed in the questionnaire:

*  successes and failures of ITS in improving transportation across boundaries at each location;
* recurring concerns and problems that agencies have encountered;

“lessons learned” from the development and deployment of the systems;

difficulties experienced in conveying the benefits of ITS to both public and private institutions;
* advancements in communications between institutions; and

future plans for ITS and interagency cooperation.

L]

L]

L]

Key Considerations for Deployment of the ITS Structure

Based on the results of the survey, border plazas usually pursue implementation of some
combination of the core automation features, eventually leading to a complex ITS. This deployment
of features must be supported by common physical (hardware/software) components and institutional
relationships which contribute to successful implementation of more than one core feature (22).
Below is a listing of some of the most important findings from the survey (23-36) .

»  Data systems must link equipment with central software/database systems.

e Communication must exist between public and private sectors, without necessarily
relinquishing control. This will require formal interagency agreements for information sharing.

* Information sharing/coordination between countries is essential.

e  Proactive management of limited resources must achieve agency objectives.
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e Potential customers and information providers including commuters, private sector goods
movement agencies, and public sector entities responsible for border operation, safety, and
security is critical to success.

e Commercial vehicles, private autos, ITS, and non-ITS users must be considered to facilitate
smooth and efficient transfer of people and goods at a transborder crossing ITS deployment.

»  Exchange of information between: U.S., Mexican, and Canadian Federal Governments must
be consistent; state and provincial transportation agencies must optimize operations; and cross
border agencies must ensure compliance and accuracy of data from freight transport modes,
receivers, and border operations centers.

e Education of ITS technology must be provided in a top down format for public and private
agency employees removes technology and privacy fears for acceptance; the differences in
needs and goals of agencies reducing redundancies in procedures.

e Culture and language differences require a standardized, uniform data format.

» Institutional, regulatory, or legal barriers to interagency cooperation or ITS service integration
must consider: border agencies in order to optimize system performance and the use of scarce
financial resources; border agencies, user groups (commercial and private), and interested
public; border agencies with different missions, goals, and needs; and border agencies and
oversight agencies.

Organizational

e The inspection philosophy of federal agencies in both Canada and the United States has been
difficult to change to conform to the required procedures for ITS applications. One respondent
stated that U.S. Customs and Immigration required the most change toward acceptance of
automated technology. This respondent further stated that although these agencies were not
completely receptive toward ITS, there were no major interagency problems. Cooperation
between agencies was rather positive, and the difficulty was in having these government
agencies accept an un-manned inspection booth. Similarly, one respondent suggested that there
was a lack of understanding of exactly what is required by other agencies involved at a crossing.
Inflexibility of internal agency guidelines was a common barrier for ITS. The solution to this
problem was that one agency had to assume the lead for deployment and facilitate discussions
between agencies. Typically, this occurred due to a higher governmental agency requesting the
change. One example is the U.S. Customs Administration federal regulations mandating
changes in inspection procedures to conform with NAFTA policies.

e  Customs and Immigration officials were receptive toward ITS, but federal and state DOTs
required significant changes in agency structure, resulting in poor operations by Customs and
Immigration agents. The DOTs are more concerned about the development of standards and
are not as actively involved in implementation and operations. ISTEA legislation within the
U.S. catalyzed the trend toward federal DOT involvement in implementation, and the U.S.
Treasury also realized the need for identification and screening technology. Currently,
institutional involvement is voluntary, and private commercial industry must be able to clearly
see the actual benefits of ITS. The result of ISTEA and NAFTA legislation along with the
NATAP have resulted in a “synergy” between the treasury department and the federal DOT.

e  Establishment of the core infrastructure features must permit optimal operations and
management of border crossing plazas through the use of currently-available technologies and
strengthened institutional ties. In the near-term, implementation and management of the core
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infrastructure features is expected to be led by the public sector. Development of governmental
management capabilities is expected to occur in an evolutionary manner. Management within
the private sector is expected to install ITS systems and educate operators of technology.

Regulatory

» International conflicts in the implementation of NAFTA trucking rules are also seen as creating
impediments to international institutional cooperation. A research study conducted by the
Texas Transportation Institute suggests two interrelated solutions: the diverse actors in the trade
and transportation industry must be included in both the problem identification and planning
stages for ITS applications in this complex environment; and increased education of the public
of the potential of ITS for border-specific and other transportation problems must be made a
priority (6).

e Manifest information differs between countries. Mandatory cargo and vehicle information for
all three countries differs slightly. Problems occur when an information field within the ABS
and ACS is not reported due to a computer input error. This requires increased delays for
commercial carriers that must retrieve the missing information at the facility.

Human Resources

e The installation of ITS technology has the best chance of success at locations where current
availability of manpower within Customs and Immigration is limited, causing severe delays to
the motoring public. The amount of help this technology would offer these agencies was an
issue. Conversely, the potential for loss of jobs due to technology was also expressed.

e Telecommunications and automation software used by the customs brokers follow international
standards, but the vast number of pre-arrival manifest sent still requires individual verification
by Customs agents. This leads to frustration by truckers who expect reduced clearance time
because the information was sent prior to their arrival. Customs officials must operate based
on the demand at the crossing. When vehicle demand at the crossing is high, agents are
required to inspect vehicles, resulting in a lower priority given to shippers that send information
by telecommunication.

Technology Requirements

e  Commercial carriers expressed concern over various types of automation. The toll tags and AVI
readers were not always compatible between locations, forcing companies to use certain
facilities even though an alternative route may reduce delays, resulting in travel time and cost
savings.

Noninstitutional

e There is a lack of communication about the status of, need for, cost of, and benefits from ITS
technologies between and within federal, state, and private agencies (12). Progress is being
made at some locations that have overcome some of the interagency communication problems.
A clear problem exists in disseminating information as to the benefits of this technology for
private trucking companies (6). The difficulty is that smaller firms do not believe that this
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technology will be cost effective for them. Based on the current state of applications these firms
may be correct in this assessment. A supply-demand relationship must be developed on a site-
specific level to demonstrate the need for and cost to these smaller commercial carriers (6).
Currently, there is little information as to the actual benefits of these systems, and private
commercial fleets are not willing to invest in possible “trend” technology.

The costs are not clearly understood by all agencies involved. Concern over equity of capital
investment costs by federal and state transportation agencies among the three countries was an
issue in deployment. U.S. state transportation agencies have encountered problems funding
improvements for Mexican commercial shipping companies. Improving only one side of the
border gives minimal incentives for NATAP participation by Mexican drayage companies that
cannot use automated technology on the other side of the crossing.

Summary of Findings

The interaction of both infrastructure and institutional constraints at border crossings can be
difficult. Development of infrastructure without consideration of the institutional issues can lead
to poor operations and increased cost of these projects (11). Also, where borders crossings in urban
locations have minimal possibilities for infrastructure improvements due to the limited space
available. It is at these locations that institutional barriers must be recognized and mitigated to
improve the operations of the transborder area. The institutional barriers and the agencies that are

significantly affected by barriers are summarized in Table 3.

Table 3. Summary of Border Institutional Barriers Identified.

Institutional Border Crossing Agencies Affected

Barriers Toward

Deployment Federal State Local Customs & Private
Transportation Transportation Government Immigration Shippers

Organizational v v v v v

Regulatory v v

Human Resources v

Technology v v

Requirements

Noninstitutional v v v v v

Common barriers to deployment within the survey results included:

e the initial high cost of deployment and determination of funding sources within and between

agencies;

e manpower, resources, priorities, and regulation imbalances between agencies; and
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e procedure duplication between agencies and restrictions on operating procedures to ensure
individual agency operational territories. Agencies are unwilling to implement ITS technology
for fear of eliminating the existence of internal departments.

CONCLUSIONS

Movement toward deployment of the previously defined core ITS infrastructure will occur
in an evolutionary fashion, building upon existing border plaza hardware/software/communications
systems and institutional relationships. Border areas should be working toward development of these
capabilities, with a special emphasis on laying the foundation for future ITS advancements through
selection of open-architecture systems and institutional cooperation. Time frames and priorities for
deployment should be developed based on the specific needs of the border and coordinated with the
project planning, programming, and development processes currently underway.

NAFTA and NATAP must overcome obstacles in implementation. The problems of cultural
differences and regulations between the three member countries results in a trade environment that
can be complex. Although the key element of NAFTA was the reduction in tariff barriers, it also
called on the administrations of the three countries to streamline and standardize their processes.
The introduction of NATAP with new technology such as EDI, AVI, in-vehicle computers, and
electronic sensors is a positive step in standardization of information.

Security of the country is the fundamental principle of a border crossing. In order to ensure
that the integrity of a country is not compromised, inspections are required. This method of
operation restricts the capacity of the facility. Border crossings have the difficulty of dealing with
both infrastructure and institutional constraints; development of infrastructure must also include
institutional issues. Without these two coexisting, poor planning and effectiveness of projects will
occur.

Urban border cities have minimal possibilities for infrastructure improvements. Institutional

barriers must be recognized and mitigated to improve the operations. These areas will continue to
grow requiring more facilities.

D-26



RECOMMENDATIONS FOR ITS DEPLOYMENT

To aid in ITS deployment, specific measures can be defined to evaluate the border facility
itself and to gauge progress in implementing the technology. The criteria recommended in Table 4
were developed by the author based on the literature review and the survey findings. The criteria
suggest an interagency cooperation and an overall understanding that this technology should benefit
all entities involved.

Table 4. Recommendations for the Removal of Institutional Barriers of ITS at Border Crossings.

The ITS Deployment Criteria:

1. Define an interagency structure to accomplish the mission of ITS deployment.

2. Develop policies and procedures for coordination between agencies in regards to the
sharing and dissemination of information electronically.

3. Access roads, border facilities, and ITS technology should be planned, operated, and
priced as if they were parts of a single system.

4. Equity of the system should also be considered to ensure community acceptance.

5. Despite limited resources, the border crossing can effectively resolve the conflict between

interagency goals if it adopts a strategy of ITS system management that is tailored to the
amount of goods and people movement at each specific crossing.

6. Continual improvements and education in both operations and technology should be
included within the border crossing.

*  Define an interagency structure to accomplish the mission of ITS deployment.

Existing stakeholders, state, local, federal governments and interagency councils should be
included within this structure. Private commercial trucking companies must be incorporated into
this structure. The structure should be developed to ensure that security and privacy of information
is not compromised and that equity of use is consistent with the current trucking patterns.

*  Develop policies and procedures for coordination between agencies in regards to the sharing
and dissemination of information electronically.

Involvement with local and national trucking associations would be beneficial for acceptance
of information exchange between local commercial trucking companies and border agencies.

e Access roads, border facilities, and ITS technology should be planned, operated, and priced as
if they were parts of a single system.
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Development of physical improvements must be coordinated with operational improvements
of this new technology. Land use and transportation should be better coordinated to enhance
accessibility while reducing system delay. Conscious effort should be applied to the operations of
the facility within the planning and design stage.

e Equity of the system should also be considered to ensure community acceptance.

The transborder ITS system should be designed to provide convenient access, to facilitate the
transborder movement of people and goods, and to provide a “seamless” crossing that is in harmony
with the community and the natural resources of the area.

e Despite limited resources, the border crossing can effectively resolve the conflict between
interagency goals if it adopts a strategy of ITS system management that is tailored to the
amount of goods and people movement at each specific crossing.

Specifically, the border crossing agencies should emphasize the operational improvements
that enhance the movement of goods and people during peak hours. ITS technology should be
adopted along with physical improvements at the facility where possible. Operational improvements
in procedures within public agencies and among both private and public agencies should also be
considered to improve operations.

e Continual improvements and education in both operations and technology should be included
within the border crossing.

This must be a joint effort between both public and private agencies to ensure that the
demands of all stakeholders are effectively addressed. These improvements should be conducted
in a timely manner to ensure positive results and acceptance by all involved. Education in both
operations and new technology should be conducted on a consistent basis to receive all the benefits
of these technological advancements with minimal educational costs. Continual education will result
in a demand responsive atmosphere from the private sector.

A Case Study: Application of Deployment Strategy

Upon completion of the criteria, a case study was performed at the Nogales, Arizona border
crossing. This case study will demonstrate the abilities of the established criteria and the
effectiveness these criteria have at removing the institutional barriers associated with automation at
border crossings. The Nogales location was chosen because of the advancements through
interagency relationships that have been made.

Background
Nogales, Arizona, is a culturally and economically diverse twin city that is separated from
Nogales, Sonora, Mexico by the U.S.-Mexico international boundary. The primary industry in

Nogales is the transportation and distribution of goods. Nogales is an entrance point to the United
States trading corridor connecting Tucson, Arizona and Mexico City, Mexico.
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Define an interagency structure to accomplish the mission of ITS deployment

The Joint Working Committee (JWC) was established in 1994 to aid state and local agencies
in evaluating the stakeholders involved between Arizona and Sonora to plan, design, finance and
build an economically viable transportation system (28). The goal of this committee was to improve
transborder processing between the United States and Mexico. This goal is in harmony with
effective ITS deployment.

Develop policies and procedures for coordination between agencies in regards to the sharing and
dissemination of information electronically.

The Nogales JWC identified a barrier between both interstate and international
communication. The technology and knowledge that different state agencies had between the U.S.
border states of California, Arizona, New Mexico, and Texas was significant. Combined with this
problem of communication was the difficulties associated with application of technology within the
Mexican border states of Baja, Sonora, Chihuahua, Coahuila, and Tamaulipas. The engineers within
Mexico have limited available funds for design and operations of border facilities. These engineers
have the unique ability to maximize both personnel and material resources in achieving the
construction of facilities. Combining the expertise on both sides of the border was considered an
ideal method to maximize limited resources (28).

The result of this was the Border Technology Exchange Program (BTEP) encompassing
officials from all border linked states (28). The policies developed from the BTEP included the
establishment of a permanent technology exchange program managed by federal officials. This
program includes procedures for technical assistance to ITS participants and method for technical
and legal compatibility (28).

Access roads, border facilities, and ITS technology should be planned, operated, and priced as if
they were parts of a single system.

The State of Arizona and State of Sonora have strong geographic, cultural, and economic ties.
Recently, these neighboring states have significantly increased trade through the improvement of
transportation infrastructure and increased transportation services. The significance of NAFTA, and
the need to develop plans for infrastructure improvements in support of increased trade, has resulted
in a cooperative study between the States of Arizona and Sonora. The Arizona-Sonora
Transportation Infrastructure Study was conducted to provide an assessment of the current
international transportation infrastructure and recommend actions to be taken for improving these
facilities (28). Physical, operation, and technology improvements are discussed within the
transportation infrastructure study (28).

Equity of the system should also be considered to ensure community acceptance.
The economic dependence of Nogales, Arizona and Nogales, Sonora on the transportation
industry can be seen in the active role private citizens play in improving the infrastructure of the

border. Private company involvement with the implementation of the "Expedited Process at
International Crossings" (EPIC) for commercial vehicles at the Mariposa port of entry in Nogales
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has been positive (28). Commercial shippers and both communities actively participate in the
process.

Despite limited resources, the border crossing can effectively resolve the conflict between
interagency goals if it adopts a strategy of ITS system management that is tailored to the amount of
goods and people movement at each specific crossing.

The Joint Working Committee was designed to specifically address issues related to the
border infrastructure and to enhance operations through the use of new technology and physical
improvements. This committee has identified operational problems on both sides of the border and
is attempting to address the concerns about the Mariposa port of entry (28).

Continual improvements and education in both operations and technology should be included within
the border crossing.

Enhancing the Border Technology Exchange Program through the addition of technical
courses, conferences, and seminars provides material and skills for the development of a more
efficient transportation system. One of the recommendations from the Arizona-Sonora
Transportation Plan was to conduct annual workshops for the purpose of sharing technology
information (28).

Future Research

Throughout this study, one issue did not seem to be identified through the literature review
or the survey: the needs of the consumer. The public sector is trying to develop positive
relationships between agencies that will foster the development of ITS technology. Unfortunately,
the role of the private sector is not always considered.

The private sector will be the final consumers of the product, and no one has stopped to ask
the consumers what should be required of this technology, or even if it is needed at all. Larger
trucking companies may realize benefits, but what about the smaller companies or the local drayage
carriers along the U.S.-Mexico border. An independent analysis must be conducted to see what
demand exists for the technology. If demand for this product is low and the public sector deems this
technology unnecessary, a marketing analysis that targets smaller independent firms should be
conducted.
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APPENDIX

Advanced Border Crossing Systems Survey

Which border crossing(s) is your agency involved with and what is its role?

What are some of the operational problems currently associated with this (or these) crossing(s)?
Are electronics/advanced technologies currently being used at the crossing(s)?

What forms of advanced technologies (Intelligent Transportation Systems) are in operation at
your border crossing?

Would (have) the use of electronics/advanced technologies help(ed) solve the operational
problems at the border crossings in which you are familiar (those listed in question 2)? Please
Explain.

What are the physical, operational, or other characteristics associated with the border crossings
that demonstrate the most potential for successful implementation and realization of benefits
from electronics/advanced technologies (i.e. the physical space available, amount of traffic
using the border crossing, etc.)?

Are there characteristics specific to certain border crossings that would hinder the
implementation or success of electronics/advanced technology use? If so what are they?
What other agencies are currently involved with the operation of ITS at the border crossing with
which you are most familiar?

Of the above agencies, which required the most change in order to effectively operate with new
ITS technology?

What institutional changes took place within these agencies?

Do you believe there have been institutional barriers towards implementing ITS?

What institutional barriers do you feel have caused the most difficulty?_

What interagency problems have arisen from differences in needs for ITS?

What solutions were used to correct these disputes?

What positive communication between agencies has developed due to ITS deployment?
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SUMMARY

Current transportation services rarely provide the unfamiliar traveler with sufficient
information to determine which parking facilities are full, when to begin the trip, what transit agency
services would be best to employ, and how to combine the transit and highway services into a
feasible itinerary. This problem is even more apparent when the initial mode is the private auto and
the others are transit related.

One of the current emphasis in the transportation arena has been the development and
implementation of Intelligent Transportation Systems (ITS). The ITS concept can be used to
facilitate the intermodal trip for the infrequent traveler by providing an ISP. However, the current
ITS architecture does not address its application to the extent necessary for deployment of an ISP.

The research discussed in this paper was intended to address these two problems by
describing a process for determining what information flows and services will be needed to support
an ISP objective and what agencies might provide these information flows. In this research the ISP
objective is to be able to support the development of a pre-trip itinerary for a private auto - transit
trip in response to an infrequent traveler request. However, the process presented could be used for
other ISP objectives as well.

The ultimate goal of this paper was to enable individuals not familiar with ITS nomenclature
and architecture to understand what information is needed and what the bases are for developing
interagency relations. This goal was achieved through the development of a process with multiple
steps. The initial step included such tasks as formalizing the ISP objective, determining the traveler
information needs, defining an ITS architecture relevant to the ISP information needs, and defining
the urban area characteristics. The other steps included in the process were the determination of
potential information flows and providers, the categorization of information flows, and the
determination of the significant information flows and providers.

This process provides a direct link between the National ITS Architecture and its application
in urban areas. Furthermore, the process allows local operational and administrative personnel to
more easily understand who the information providers are without extensive use of the architecture
documents themselves.

Demonstration of this process was given through a hypothetical situation and an actual
situation showing that the process would be quick, intuitive, and effective for application in the real
world. The process is quick because the information needed is readily available; it is intuitive
because it associates information providers, the primary concern, to actual agency services in the
urban area; and it is effective as it relates the desirable information flows to the possible information
provider agencies, within the urban area. This provides a basis on which agency relations and
cooperation can be sought; the individuals involved would know what information is needed from
which agencies to increase infrequent traveler access to points of interest in an urban area using the
private auto and transit transportation modes. This is an initial step to the development of an ISP
for the infrequent traveler.
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INTRODUCTION

Problem Statement

The transportation system is comprised of many components including cars, buses, and
commercial vehicles, highways/streets, transit, and rail. These components represent different
services provided in the transportation system. The transportation system is not only comprised of
different components, or services, but agencies as well. These different services and agencies create
functional borders that tend to break up or inhibit the interoperability of the transportation system
as a whole. This inhibited interoperability becomes more apparent to an individual requiring
services from multiple modes of transportation and transportation related agencies.

An example would be the case where a infrequent traveler desires to make a trip from a
suburban area with no transit service to the central business district (CBD); where an infrequent
traveler is defined as an individual with little prior knowledge of existing transportation services
between an origin and destination. In large urban areas, completing this suburban to CBD trip may
require the traveler to cross several municipalities and perhaps use the services of more than one
transit providers.

Information describing the transit services is often available to the traveler, but it is seldom
obtained from the same source. Furthermore, if the information describing transit service for the
metropolitan area as a whole is available from one source it does not take into account the traveler’s
desired departure time, especially when the initial phase of the trip is made by a private auto (1). This
demonstrates that current transportation services do not communicate information in such a manner
as to allow the traveler to make informed decisions related to his or her multi-modal trip itinerary
when one mode is the private auto and the others are transit related.

There are various reasons that travelers desiring private auto - transit trip information cannot
easily obtain the necessary information to facilitate such a trip. One reason may be the lack of
coordination between the operating agencies -- highway and transit alike. Traditionally highway
agencies have functioned independently of transit agencies creating a disconnected transportation
system with limited communication between the two systems.

Figure 1 shows a diagram describing a hypothetical urban area where a user that desires to
make a trip from point A to point B would like to determine how best to complete the trip. The
traveler must decide whether to use Freeway 10 or Freeway 20, the time of departure, the appropriate
light rail transit (LRT) to catch on the freeway alignments, and what bus to transfer to in the CBD
to complete the trip. For an infrequent traveler in a typical large urban area this is no small task.
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Figure 1. A Hypothetical Urban Area.

Current practice supplies little information to users in order to allow them to make informed
decisions with respect to their trip itinerary (1). As a result, traveler choices are often severely
limited. Rarely does the traveler have sufficient information to determine which parking facilities
are full, when to begin the trip, what transit agency services would be best to employ, and how to
combine the transit and highway services into a feasible itinerary. The problem becomes even more
pronounced in the case of an infrequent traveler whose information needs are even greater.

The problem is perplexing, at best, and is not easily resolved, especially in light of the many
operating agencies that are often involved in urban transportation systems. Transportation efficiency
could be significantly increased if highway and transit operating agencies could communicate, and
thus operate, in a more coordinated manner. Trips involving the private auto may be difficult to
incorporate transit modes due to the low accessibility of transit information for the urban area as a
whole including park and ride information. Similar problems exist between transit systems where
their respective databases do not take into account overlapping routes of different transit systems,
among other important items of information such as incident effects.

These problems experienced in providing information to travelers often result from under
staffed agencies having to operate with ever shrinking budgets. As a result creative methods and
practices are needed to improve transportation services given agency staffing and budgetary
constraints.

One recent area of emphasis in the transportation arena has been the development and
implementation of Intelligent Transportation Systems (ITS). A recent project underway in the
Washington DC Metropolitan Area is an effort to provide traveler information, describing among
other things the services to be provided, the agencies providing the services, and the respective data
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types to be provided by the agencies. Some services are provided by as many as ten agencies; while
some of those agencies provide multiple services, giving rise to a very complex situation. All of this
is an effort to provide Washington DC travelers with accurate real-time traveler information (2).

ITS technologies can be used to facilitate the intermodal trip for travelers. This is
accomplished through a central information service provider, or ISP. However, a recently developed
National ITS Architecture does not address ITS applications to the extent necessary for direct
regional and or local application (3). An element of the problem that is addressed within the ITS
architecture is the data flow between the architecture subsystems (i.e. Emergency Management,
Roadway Subsystem, Transit Management, Information Service Provider, etc.); however these
subsystems and their respective data flows were never superimposed over a hypothetical urban area,
with its operating agency/jurisdictional boundaries (3).

As a result the existing National ITS Architecture is somewhat distanced from actual
implementation. It defines possible data flow between subsystems (which may or may not
correspond to different operating agencies) but may not provide sufficient guidance towards the
actual implementation of an intermodal ITS supplying information to an infrequent intermodal
traveler (3).

Figure 2 graphically describes the general information flows and services supporting the
traveler in making trip decisions. This figure demonstrates the existing information flows and
services (solid lines and boxes) and the desired information flows and services (dashed lines and
boxes). The existing information flows represent the current situation where the traveler must
request information of each service. On the other hand, the desired information flows are those
needed to support an information service provider (ISP), which would eliminate much of the
traveler’s workload in creating a viable trip itinerary. The arrangement of the desired information
flows would have the various transportation services acting as information providers to the ISP.
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Figure 2. Demonstration of Information Providers.

The list below summarizes some of the current problems in U.S. urban transportation systems
related to the provision of information describing private auto - transit services to the infrequent
traveler.

e  The infrequent traveler must go to several independent information sources to put together a
combined private auto - transit trip.

e The National ITS Architecture does not give sufficient guidance on how to determine the
information providers and desired information flows for large urban areas in order to fully meet
the infrequent traveler needs.

e  The National ITS architecture provides suggested data flow and services with little guidance on
determining which agencies should collect, fuse, and disseminate the data.

Research Objectives

The research objectives that are listed below are in direct response to the above problem
statement summary and were the focus of this research paper. The research objectives were the
following:

e To develop a general process for identifying important agency relationships Achievement of
this objective seemed to be the logical first step to facilitate information exchange between
transit, traffic management, and other service providers and a hypothetical information service
provider. This was based on the information needs of the infrequent traveler in a typical urban
area desiring to make a combined private auto - transit trip from one point to another in an urban
area. However, the process can be used to support other ISP purposes.
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o  Toidentify the typical information providers relative to the specific information needed by the
infrequent traveler. Relation of the information providers to the information needed of them
was stated in terms familiar to transit and highway systems operators and administrators to aid
them in understanding what cooperative interagency efforts might need to be arranged and for
what reason (i.e., what information). This required investigation into current operations in
several urban areas in addition to accurate interpretation of the ITS architecture documents.

e To demonstrate how this process can be applied to the transportation systems of today:
Demonstration of the process showed how the research results (the process developed) could
be used in creating an optimal information source for the infrequent traveler desiring to make
a private auto - transit trip. The process could be used to determine what agency
relations/coordination must be developed.

Scope of Research

The ultimate goal of this paper was to enable individuals not familiar with ITS nomenclature
and architecture to understand what information is needed and what the bases are for developing
interagency relations.

The research discussed in this paper concentrated on resolving the information availability
problems experienced by an infrequent traveler wishing to develop a trip itinerary including travel
from a suburban area with no transit to locations where several transit options exist (as detailed in
Figure 1). Infrequent travelers were considered as opposed to all travelers since their information
needs are on a larger scale. Therefore, meeting the information needs of the infrequent traveler
would most likely meet the needs of the other travelers as well.

The problem of determining what information is needed and where it will come from was
the focus of the research. This was done by applying the relevant portions of the ITS architecture to
this research. The relevant architecture was then applied to a hypothetical urban area similar to
Figure 1, taking into account the information needs of the infrequent traveler.

The end result of this research was the development of a process to identify the desired
information and the information provider to support an ISP objective in an urban area. A relation
of the desired information items to the different types of agencies likely found in an urban area was
also introduced. This research did not consider factors contributing to communication difficulties
such as differences in ideology, budget constraints, technology availability, etc.

The ISP objective, in terms of this research, was the pre-trip development of private auto -
transit trip itineraries for the infrequent traveler. This ISP objective embodied the scope of research,
enabling the researcher to apply this scope to the process of specifying information providers and
desired information items.

A direct link between the ITS architecture and its application in urban areas was provided
through this research allowing operational and administrative personnel at the regional and local
levels to more easily understand what the information needs are without extensive use of the ITS
architecture documents themselves. Understanding the information needs provides a basis on which
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agency relations and cooperation can be sought since the actual individuals involved would know
what information is needed from which agencies in order to support the ISP objective.

Research Methodology

In response to the above stated problems and research scope a research methodology was
developed. The next five sections describe a general process for approaching the problem of
providing a convenient and useful ISP service to the infrequent traveler. Below is the list of tasks
that were performed to explain and demonstrate the process:

o Task 1: Identify the Infrequent Traveler Needs.

e  Task2: Examine the Current Practices and National ITS Architecture and Define a Hypothetical
Urban Area.

e Task 3: Identify the Potential Information providers.

o Task 4: Determine the Significant Information Flows and Providers.

e Task 5: Summarize the Process.

e Task 6: Apply the General Process to an Actual Urban Area.



TRAVELER INFORMATION NEEDS

Transportation is a service provided to the population in general. Businesses use the
transportation system as a means to transport goods and services while private individuals use the
system to facilitate personal trips. The purpose of the task discussed in this section was to establish
exactly what the traveler needs are for personal trips. These needs were based on a combination of
the guidance provided in the ITS architecture documentation, reports discussing traveler needs, and
the research scope.

The needs of travelers are different depending on the characteristics of the trip, the
transportation system, and the traveler. Variables associated with the trip might be the trip length,
time of departure, and trip frequency. The location of the points of origin and destination (O-D), the
operating agency boundaries between the O-D, the plausible modes of transportation, available
parking, and travel time are examples of transportation system variables. Variables associated with
the traveler may be urban area familiarity, health, and mobility.

Traveler information can be categorized under two headings: en-route travel information, and
pre-trip travel information. The mediums used to communicate these categories of information is
quite different with en-route information being communicated via changeable message signs,
highway advisory radio, cell phones, in-vehicle devices, etc; while pre-trip information is
communicated using personal computers, kiosks, television, telephones etc. From these examples
it should be readily apparent that there may be some differences in information needs relative to en-
route and pre-trip traveler information. A study of Orange County commuters indicated that
rerouting information was much more useful prior to beginning the trip, or as pre-trip information

@)

A study by the Texas Transportation Institute in 1977 on freeways in Houston, Texas was
performed surveying travelers routing behaviors. This study determined that most travelers choose
their routes based on convenience, directness, and smallest relative travel time of the route
alternatives. Motorists indicated that they desired route guidance, level of congestion, and locations
of incidents to evaluate route alternatives. Study results also indicated that driver familiarity plays
a large role in routing decisions. An unfamiliar driver would be much less likely to divert from the
freeway than a driver familiar with the area. Information system credibility is a significant issue as
well, because travelers must be convinced that a change in route would save them time in the end

()

Traveler information can also be categorized in terms of its update frequency. Consider two
categories: static information and dynamic, or real-time, information. Transit and parking
information are almost always static, not changing to reflect the changes in the traffic patterns or
parking availability, while freeway operations information often changes to reflect variations in
speed or flow or the detection of an incident. Clearly real-time information is preferable to static
information in many cases, although the actual benefits of utilizing real-time information varies
substantially with the dynamic operations of the transportation system. Regardless of what the actual
benefits of real-time information are, surveys of motorist information needs or demands have
indicated that travelers would prefer real-time information (6).
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The observations recorded in Orange County, California were in agreement with the study
performed by the Texas Transportation Institute in 1977. According to the Orange County
Transportation Authority (OCTA) information that is most sought after by travelers is the following,
by order of importance (4):

Real Time Information:

» locations and extent of traffic delays and congestion

» travel times of alternative routes/modes from point of origin to final destination
e expected arrival time of next transit vehicle

e roadway/weather conditions

e major highway status summaries (e.g., speeds, volumes)

e parking availability at park and ride lots and/or commuter rail stations

Non-recurring Event Information:
e planned roadway construction or major repairs and resultant expected delays and/or detour
information

Static Information:

e transit schedules

e general travel directions
e  transit fares

The above specific bulleted items of information may be provided by one source or several
sources. For example, traffic delay information can be obtained from a traffic control center, a
motorist’s cellular phone, or the news media. Also information from one source may be more
important than another (e.g., freeway information may be more important than surface street
information, especially in the case of a longer trip). Additionally, some information items may need
to reflect changes in another item, such is the case with traffic delays, travel times, transit vehicle
estimated time of arrival, and transit vehicle travel directions, which are effected by one or more of
the items listed above.

The National ITS Architecture: Theory of Operations document also provides some input
related to the traveler information needs. According to the document the pre-trip travel information
needed by the traveler is the following (7):

e incident details

e alternative routes

e parking lot occupancy

» traffic conditions for ramps, occupancy estimates, car pool lanes

e pollution levels

e link times and queue delays

e transit schedules and deviations

o fare, parking, and toll charges

e various special event and commercial or public service information
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A review of the two bulleted lists above reveals that there are many information items that
are in common or cover similar areas and as a result it can be assumed that the National ITS
Architecture and OCTA study are more or less in agreement. At this point it is necessary to state
what the information needs of a typical user population are. For this a statement of conditions is
needed to clarify the traveler and trip characteristics. Travelers emphasized in this research can be
described by the following user and trip characteristics:

» infrequent traveler

» safe efficient transportation is desired

e pollution levels have little effect on the trip itinerary

e  trips are longer in duration and distance

e trip origin may be in a suburban area

e  trip destination is in an urban area with access to transit
*  Dboth private auto and transit are to be used

Based on the above items, the traveler information needs should be defined to account for
travelers unfamiliar with the particular trip, who want to make efficient use of private auto and
transit modes. Infrequent travelers were selected as the focus group for the research establishing the
relevance of items of information that might seem trivial to commuters or other types of familiar
drivers.

It is assumed that pollution levels will have little effect on trip or mode choices and the
respective routes. Furthermore, the assumption of a longer trip duration and distance makes
additional efforts for pre-trip planning more economical. The statement that the traveler may
originate from a suburban area makes the no transit option for the initial portion of the trip
reasonable since there could be a large number of residences that would not have access to transit.

With the previously stated assumptions the traveler information needs to be used in this
research can be derived from the previous listings of traveler information needs. The traveler
information needs used in this research are as follows:

» locations and extent of traffic delays and congestion

» travel times of alternative routes/modes from point of origin to final destination

e expected arrival time of the next transit vehicle

e roadway/weather conditions

e major link status summaries (e.g., speeds, volumes)

e  parking availability at park and ride lots and/or commuter rail stations

e planned roadway construction or major repairs and resultant expected delays and/or detour
information

e transit schedules and deviations

e general travel directions

e transit fares, parking fees, and toll charges

e various special event and service information
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The order of the above items of information is not significant in this case. This is because
the scope of this research varies from the traveling habits of the general public which, in the U.S.,
tends to prefer the use of the private auto. The above information is displayed to summarize the
overall information needs of the traveling public. Information needs of both private auto users and
transit users seem to be adequately represented in the list.

To meet these information needs various data must be collected from several sources. All
of these sources are most likely separated by communication impediments where the sources may
be different operating agencies (e.g., bus agency, rail agency, departments of transportation (DOTs)).
Some items listed above require data from more than one source, such as the item containing transit
fares, parking fees, and toll charges. The data for this item would be obtained from toll authorities,
transit agencies, and parking facility administrators. Bringing together these data alone would be
no small task, and becomes much more complex when presented with the option of various
highway/street routes to be taken to meet potential transit services (3).
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SUMMARY OF SELECTED CURRENT SERVICES

This section of the research discussion provides a summary of how current services provided
in two different urban areas meet the needs of the traveler. Need for the research was established
based on this summary which also provided a more in depth knowledge of highway and transit
system functions. Knowledge of the system functions allowed the determination of the extent to
which current services meet multi-modal infrequent traveler information needs for pre-trip planning.

Southern California

The Southern California traveler information accessed by the author via its web site provides
links to web sites describing transportation operations in several Southern California counties: Los
Angeles County, Orange County, Ventura County, Riverside County, San Bernardino County, and
San Diego County. San Diego County information was not considered as it covers a different urban
area from the other counties. Traveler information on the web site provides links to bike, transit, and
highway information. The highway information includes only the local freeways and is updated
every minute with potential accidents, prevailing speeds, and road closures. All of which can be
viewed on an area map or in a list of freeway segment conditions (8).

Fares, estimated travel times, schedules and route maps describe transit operations. The
transit information can be accessed via the METROLINK, LA rail, and local municipality home
pages. The Ventura County Transportation Authority (VCTC) maintains a home page that offers a
transit route building service. This service will put together a feasible itinerary that accounts for the
majority of the transit systems in Ventura, L.A., Orange, Riverside, and San Bernardino counties.
The route builder also considers airport shuttles and provides walking distances and instructions to
the various transit stops that need to be accessed (9, 10).

There are several transit agencies involved in the transit operations in this region. The three
major operators are L.A. MTA, the Orange County Transportation Authority (OCTA), the Ventura
County Transportation Authority (VCTA), Riverside County Transportation Authority, San
Bernardino Association of Governments, local municipality transit agencies, and the Southern
California Regional Rail Authority (SCRRA) which is a conglomeration of all the previous agencies
(excluding the local municipalities).

The transit options include shuttle busses used in the downtown area of L.A. and between
major hotels and the LAX airport; busses operated by the individual transportation authorities and
local municipalities, light rail operated by the L.A. MTA; and a heavy commuter rail operated by
SCRRA. It is readily apparent that the mentioned systems vary markedly in terms of their coverage
areas. The shuttle busses are limited to hotels, airports and downtown L.A. while the L.A. MTA
light rail system spans L.A. County, and the heavy rail operated by SCRRA spans several counties
(10).

One can put together an itinerary employing several transit systems using Internet services
provided by some of the operating agencies. The transit route builder, provided by the VCTA,
includes transfers that must be made, fares that need to be paid, departure and arrival times, and
walking maps to the transit boarding sites for a submitted origin and destination (9). METROLINK
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provides a service similar to VCTA’s router; the difference is that theirs does not consider any other
transit systems and it provides all possible alternative itineraries, leaving the final decision to the
traveler (10).

The METROLINK and L.A. MTA web sites both provide information describing parking
(total number of spaces and required fee), points of interest accessed by nearby rail stations, and
connecting bus and rail lines (10). None of the route building services described integrate parking
information or highway information into their itineraries. Both transit services use static data for
transit information and separate links to real-time information for highway operations(10).

Atlanta

Information for this urban area was obtained from the Atlanta Traveler Information Showcase
web site. All modes of transportation, except bike or pedestrian facilities, are represented in a variety
of ways.

Highway information is communicated using a map interface that visually informs motorists
of trouble spots on the freeway network using color coded icons and dots. The colors represent
various ranges in speed, and the icons represent accidents and roadwork. Motorists can access more
detailed operational information concerning a desired freeway section by clicking the corresponding
link on the map. Detailed accident information is available in text also. The highway information
also provides a route planning function that allows the user to indicate origins and destinations in
the form of an address or point of interest. The description of the route is in text and provides
detailed information that includes all turn movements and the name of all roadways used (11, 12).

Other motorized modes that are represented on the Atlanta ATIS web site are bus, rail, and
long distance modes such as Amtrak, Greyhound, and airlines at Hartfield Airport. Other modes that
are available are taxi, limousine, and auto rental services (13, 14).

There are two transit agencies that operate in the area, the Metropolitan Atlanta Rapid Transit
Authority (MARTA) and Cobb Community Transit (CCT). MARTA operates both light rail and bus
systems while CCT operates only busses. MARTA and CCT information includes parking, points
of interest, connectors, rail distances and travel times, and schedules and fares. Maps are provided
to help locate MARTA train and bus stations and to display the points of interest and MARTA
parking facilities. This site uses tables to describe MARTA’s bus/rail fares and schedules. All of
the transit information is supported by static data which does not reflect changing traveling
conditions. No transit route building is provided (14).

Both the Southern California and Atlanta, Georgia information sites do describe
transportation operations to a degree, including both highway and transit data. However, little is
done to truly bring the highway and transit information together into a database that does not require
the prospective traveler to search for options manually. The route building functions offered by both
services do reduce the manual efforts to a degree, but fail to integrate highway and transit
information in a way that allows multi-modal trip planning for the infrequent traveler. Furthermore,
all of the transit information is static because it does not reflect traffic pattern variations due to
inconsistencies such as congestion, inclement weather, accidents or road work. Transit route
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planning provided by the VCTC in Southern California does successfully consider many transit
agency services but remains isolated from the highway system information.

The information problems in the two summarized cases are associated with the exchange of
freeway information and surface street information, emergency information, weather information,
information associated with the travelers trip purpose (e.g., business hours, business address, etc.),
transit related information, and parking information. While some of these items may be integrated
with a common ISP, the majority of the problems associated with information exchange remain,
inhibiting the flow and availability of information relevant to a traveler creating a trip itinerary.
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ITS ARCHITECTURE DEFINITION

Definition of an ITS architecture is discussed in this section accounting for the National ITS
Architecture services and information flows and the stated traveler needs. The ITS architecture
definition is discussed reviewing the steps taken to define the architecture and describing the
architecture itself to the extent necessary. The architecture that results from this process is referred
to as the Defined ITS Architecture.

Defining the applicable ITS architecture provides a more complete picture of the most likely
information providers and associated information that are needed to support the ISP objective.
Included in the discussion are the steps taken to define the information sources and the information
flows between the sources. ITS architecture documentation commonly refers to these sources as
subsystems and terminators; however, since all of them provide or represent some service, they are
referred to as its services.

First it is necessary to strengthen the readers understanding of what the National ITS
Architecture is.

“The National ITS Architecture provides a common structure for the design of
intelligent transportation systems. The architecture defines the functions (e.g., gather
traffic information or request a route) that must be performed to implement a given
user service, the physical entities or subsystems where these functions reside (e.g.,
the roadside or the vehicle), the interfaces/information flows between the physical
subsystems, and the communication requirements for the information flows (e.g.,
wireline or wireless). In addition, it identifies and specifies the requirements for the
standards needed to support national and regional interoperability....”(15)

The National ITS Architecture is a collection of efforts detailing how various operational
subsystems can be operated as a system. There are several volumes of reports explaining the
architecture in detail.

The National ITS Architecture was used as a template containing the necessary services and
information flows some of which were needed to support the ISP objective. Once the template was
understood its various elements were assessed and those that were not directly applicable to this
research were discarded. In one case an element had to be added, this is discussed in further detail
later in this section.

Several general steps or considerations were made in order to define a reasonable ITS
architecture for this research. The steps are as follows:

»  Eliminate the unnecessary services and their respective information flows (i.e. Roadside System,
Vehicle Subsystem, Planning Subsystem, etc.).

e Combine services where appropriate (e.g., the information service provider operator and
Information Service Provider.).
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»  Eliminate superficial information flows and add those relevant to this research (i.e., information
not pertinent to the research scope, requests for information, etc.).

For some of these steps the supporting reasoning is readily apparent; however, for others this
may not be the case. Therefore, the reasoning behind each of the steps and their respective
modifications to the architecture is stated in the following discussion to allow the reader a greater
understanding of how the ITS architecture was defined.

Eliminating Unnecessary Services and Information Flows

The first step was to eliminate a major portion of the architecture elements unnecessary to
this research. The following items are types of services referred to in the ITS architecture as
subsystems or terminators. When an item is mentioned as being eliminated, or not included, then
it should be understood that the related information flows are eliminated as well. The subsystems,
or services that were eliminated were the following:

»  Financial institution (i.e., bank or credit card information): The service provided by this element
was outside of the scope of this research since monetary transactions do not necessarily have
to be made during the pre-trip planning process. It would be considered an added convenience
but not an addition to the travelers body of knowledge or understanding of the urban area
transportation system operation.

e Vehicle: The scope of this research does not include the possibility of en route trip planning
which would be the primary reason for this element’s inclusion in the final ITS architecture.

»  Personal Information Access/Remote Traveler Support: These elements would be of interest if
this research were concerned with the actual technology used to provide the information to the
traveler; however, this is not the case. This research remained independent of the medium by
which travelers can receive the required information.

*  Planning: This element is intended to aid in the improvement of the transportation system with
the primary function of providing planning information and support for facilitating the
deployment and operation of ITS services (15). It was not intended to support a traveler
information service, but to acquire information from the service.

e Intermodal Transportation Service Provider: The services provided by this element are also
outside of the scope of this research, although the name does sound promising. This element
focuses on the transportation modes of air, ferry, and heavy rail (e.g., those which do not form
part of a transit operation) all of which are outside the scope of this research (15). Although
they could play an important role in a traveler’s decisions ,the scope of research includes only
transit options such as bus, light rail, commuter rail, and the private auto option.

e  Fleet and Freight Management: This element was not included for the obvious reason that it
deals with the movement of goods and/or services while this research is concerned with the
movement of people.

Combining Services
The second step performed by the author of combining services where appropriate made

some modifications to the National ITS Architecture based on some reasonable assumptions. The
modifications and their respective assumptions are described below.
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e ISP Operator: This element was included in the National ITS Architecture to represent the
human element of the ISP (15). However, for the sake of simplicity the assumption was made
that the Information Service Provider subsystem includes the human element as well.

e Media and Media Operator: These two elements were combined to represent communications
with other services that may have information of interest to a traveler. However, keep in mind
that these two services are distinctly different, as defined in the National ITS Architecture. The
Media service only includes output devices or systems such as printers, visual displays, highway
advisory radio, and FM sub-carrier information systems. The media Operator service is
associated with TV/radio broadcaster operators, traffic reporting service operators, private
citizens, etc. Combining these two services basically establishes an element representative of
miscellaneous services that may have relevant input for an ISP (15).

Eliminating and Adding Information Flows

The final step in modifying the National ITS Architecture to fit the scope of research was to
eliminate superficial information flows and add those relevant to this research

e Information requests: All of the information flows from the ISP to the various services were
classified as superficial for this research since it is a given that the ISP needs to request the
information and this research is more concerned with the information coming to the ISP rather
than how it is requested.

e Information flows from the ISP to other elements: These flows were not considered since they
do not directly enhance the information available to the traveler and this research is not
concerned with the medium by which the traveler receives the information (i.e., kiosks, the
Internet, etc.).

e Road Conditions: This information flow was added to the architecture since in many urban
areas, this information may influence the traveler to switch routes and/or modes of
transportation due to hazardous roadway conditions (e.g., fog, ice, snow, wind, rain, etc.). The
National ITS Architecture only defines this information flow as reaching the roadway subsystem
(15). No information flows containing this information are defined at any other point.

e Other routes map data: This data flow is sent by the map update provider to the ISP and contains
anew copy of the digitized map data used to select other, i.e. non-vehicle and non-transit, routes
(15). Since this research was focused on transit and private auto modes of transportation this
data flow was deemed irrelevant.

After all of the modifying steps were completed the Defined ITS Architecture for this

research was representative of a one way network describing where the ISP would acquire the
necessary information required to support the ISP objective (see Figure 3).
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Figure 3. Defined ITS Architecture

Definition of Information Flows and Sources

The data to be exchanged through the information links varies but in some cases is quite
similar. Following are brief explanations of what information is to be exchanged between the ISP
and the respective ITS services. Also following is a table of traveler information needs relating them
to the specific ITS architecture information flows. These definitions were taken from the National
ITS Architecture documentation with some modifications for the sake of brevity, understanding, and
compatibility with the scope of this research.

After the steps taken to modify the National ITS Architecture were completed each service
and the associated information flows were defined. Definition of the architecture elements
establishes a common understanding of the ITS services and each information flow. All of the
communication or information flow is from the various ITS services to the ISP, which gathers
information, processes it, and disseminates it to users upon request. This is the basic definition of
an ISP, the remaining ITS services and associated relevant information flows are defined in the
following discussion.



Traffic Management

The Traffic Management service is usually provided within a traffic management center or
other fixed location. This subsystem communicates with in-field equipment to monitor and manage
traffic flow. Incidents are detected and verified and incident information is communicated to the ISP.
The subsystem supports demand management policies that can alleviate congestion and influence
mode selection; monitors and manages maintenance work; manages reversible lane facilities; and
communicates with other Traffic Management Subsystems to coordinate traffic information and
control strategies in neighboring jurisdictions (15). The relevant information flows are the
following:

1. Current highway network state: This information flow contains data describing traffic conditions
on freeway sections in the freeway network served. It consists of the following data items: road
section travel time and delay (in addition to free flow travel time) (15).

2. Current road network state: This flow contains data describing traffic conditions on road
sections in the surface street network served. It consists of the following data items: travel time
and delay (in addition to free flow travel time) (15).

3. Link data for guidance: This data flow contains data for use in determining which other ISP('s)
must be contacted to obtain data describing road and freeway sections in geographic area(s)
outside that served by the local ISP. It consists of the following data items: roadway segment
identity and corresponding ISP identity (15).

4. Predicted incidents: This data flow contains details of known incidents due to take place in the
future (e.g., recurrent congestion, sports events, etc.). It contains the following data items:
incident location, incident type, incident severity, incident description, and incident traffic
impact (15).

5. Traffic prediction data: This data flow contains output from a predictive model process showing
predictions of traffic data for route segments on the road and highway network served. The data
flow consists of the following items: route segment volume and delay predictions, route
segment queue delay predictions, and route segment occupancy predictions (15).

6. Road conditions data: This data flow contains details describing the physical road and weather
conditions effecting the traveler (e.g., ice, fog, rain, snow, etc.) (15).

Transit Management

The Transit Management service provides the capability for furnishing travelers with
real-time travel information, continuously updated schedules, schedule adherence information,
transfer options, and transit routes and fares. Transit incidents are also managed through this service
(15). Associated information flows relevant to the ISP objective are the following:

7. Demand responsive transit plan: plan regarding overall schedules and deployment of the
demand responsive transit system (15).

8. Transit fare data: this data flow contains details of the fares being currently charged for transit
services (15).

9. Transit media emergency information: this data flow contains information about an incident or
emergency that has been detected on board a transit vehicle or at a transit facility following
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input from a transit user, transit vehicle driver, or automatic detection. It consists of the
following data items: transit driver emergency request, transit user emergency request, transit
vehicle location, transit incident details, incident location, incident start time, incident duration,
and incident severity (15).

10. Transit services for guidance: This data flow contains a complete set of all the transit routes and
the services that run upon them, including timings, etc. that are provided by the transit system
from which the data was requested. The data contains the details of the transit routes(s) that
fulfil the origin-destination requirements of a particular transit user or traveler’s request and is
in the form of on-line driver and traveler guidance data. The data flow consists of the following
dataitems: transit route number, transit route segment numbers, transit route segment costs, and
transit stop scheduled time. The route segment can be separated by transit stops, or other
definitive location, to account for fares that vary according to distance (15).

11. Transit vehicle deviations details: this data flow contains details of the deviations of transit
vehicles from their published routes and schedules. The data flow consists of the following data
items: transit vehicle estimated time of arrival, transit vehicle deviation update, transit vehicle
location, transit vehicle schedule deviations, transit vehicle passenger loading, and transit
vehicle running times (15).

Parking Management

Parking management provides the capability to communicate parking availability and parking
fee information, and supports the detection, classification, and control of motorists seeking parking
(15). The relevant information flows are the following:

12. Parking lot availability: this data flow contains details of the number of spaces available in the
lot. The data flow consists of the following items: parking lot identity and parking lot spaces
(15).

13. Parking lot price data: this data flow contains the prices being charged by each parking lot for
each of its spaces, together with the time and date for which they apply. It consists of the
following data items: parking lot identity, parking lot price, charges for prospective usage
period, application time, and charges for vehicle (15).

Toll Administration

The Toll Administration service provides general payment administration capabilities to
support electronic assessment of tolls and other transportation usage fees. The service sets and
administers the pricing structures and includes the capability to implement road pricing policies in
coordination with the Traffic Management Subsystem and to communicate the prices to the public
(15). Information flow supporting the ISP objective are the following:

14. Toll data: current toll schedules for different types of vehicles (15).
15. Vehicle tolltag probe data: this data flow contains the smoothed average vehicle travel times for

the route segment between two toll collection points, and the identity of the route segment (15).

Media
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This service represents the miscellaneous entities from which the ISP may collect traffic flow
information, incident information, special event information, or any other travel impacting events.
An entity may be a TV/radio broadcaster, traffic reporting service operator, private citizens, an
output device such as a printer or visual display, or a system of some kind (e.g. a Highway Advisory
Radio (HAR) or a FM sub-carrier information output system). The output devices may notify the
ISP of an event impacting the transportation system that has not yet been recorded (15). The relevant
information flow associated with this redefined service are the following:

16. Traveler information: this data flow contains information that the media has that might be of
interest to travelers planning trips. This may include but not be limited to such things as special
events, sports events, etc. (15).

17. Incident details: this data flow contains data about an incident that has been reported by a
member of the traveling public to the media operator by mechanisms that are outside of ITS
(e.g., car phone). The data flow consists of the following items: incident location, incident
severity, incident type (15).

Weather Service

An external source of current and forecast weather conditions. This externally derived
weather data is integrated with the other information collected and disseminated by the ISP to
support travel planning (15). The relevant information flows that are communicated from this
service to the ISP are the following:

18. Current weather: this data flow contains details of the current weather conditions, e.g.
temperature, pressure, wind speed, wind direction, humidity, precipitation, visibility, light
conditions, etc. (15).

19. Predicted weather: this data flow contains details of the predicted weather conditions, e.g.
temperature, pressure, wind speed, wind direction, humidity, precipitation, visibility, light
conditions, etc. (15).

Other ISP

This service is intended to provide information flows from peer information service
providers. It is representative of cooperative information sharing between providers as conditions
warrant (15). The information flow relevant to the ISP objective is the following:

20. AIIISP information: coordination and exchange of all types of information on behalf of an ISP
user (15).

Yellow Pages Service Provider

This service represents organizations that provide any service oriented towards the Traveler.
Example services that could be included are gas, food, lodging, vehicle repair, points of interest, and
recreation areas. The interface with the Service Provider is necessary so that accurate, up-to-date
service information can be provided to the traveler for scheduling purposes (15). The associated
information flow is described as follows:
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21. Yellow pages data: this data flow provides information on yellow pages services in two forms
comprising that of general interest and more specific items. This service will provide access to
information regarding hotels, restaurants, and other points of interest (15).

Emergency Management

The Emergency Management service operates in various emergency centers supporting
public safety including police and fire stations, search and rescue special detachments, and hazardous
material response teams. The service tracks and manages emergency vehicle fleets possibly using
automated vehicle location technology and two way communications with the vehicle fleet. It also
provides incident information to the ISP to communicate such details as estimated duration, severity,
etc. (15). The relevant information flow associated with this service is the following:

22. Incident information: this information provides notification of the existence of an incident,
expected severity, location, and nature of the incident. This data flow consists of the following
items: incident number, incident location, incident start time, incident duration, incident type,
incident severity, and incident traffic impact (15).

Map Update Provider

This service represents a third-party developer and provider of digitized map databases used
to support the ISP services. It supports the provision of databases that are required exclusively for
those used for display by operators and at traveler information points, e.g. kiosks, Internet, etc. (15).
The associated information flow relevant to the ISP objective is described as follows:

23. Route selection map data: This data flow contains an update of the digitized map data used to
produce vehicle based routes for trip planning and on-line guidance purposes (15).

Table 1 relates the information flows described to the specific traveler information needs
introduced in the Traveler Information Needs section. The numbers preceding the information flows
listed correspond to the numbers assigned to each information flow when they were defined for easy
referencing. This demonstrates the extent to which the defined ITS architecture information flows
support the traveler information needs. It should be noted that all listed items have more than one
ITS architecture information flow assigned. It should also be noted that some information flows can
be used to meet several of the traveler information needs.

E-21



Table 1. Traveler Information Needs Related to ITS Architecture Information Flows.

Traveler Information Needs

Information Flows

locations and extent of traffic delays and
congestion

link data for guidance
predicted incidents
traffic prediction data

. incident details
. all ISP information
. incident information

travel times of alternative routes/modes from

point of origin to final destination

current highway network state
current roadway network state
link data for guidance
traffic prediction data

. vehicle tolltag probe data
. all ISP information

expected arrival time of the next transit
vehicle

link data for guidance
traffic prediction data
transit media emergency information

. transit services for guidance

. transit vehicle deviations details
. vehicle tolltag probe data

. all ISP information

roadway/weather conditions

road conditions data
current weather

. predicted weather
. all ISP information

major link status summaries (e.g., speeds,
volumes)

link data for guidance
traffic prediction data

. all ISP information

parking availability at park and ride lots
and/or commuter rail stations

. parking lot availability
. all ISP information

planned roadway construction or major
repairs and resultant expected delays and/or
detour information

link data for guidance
demand responsive transit plan

. all ISP information

transit schedules and deviations

demand responsive transit plan
transit media emergency information
transit services for guidance

. transit vehicle deviations details
. all ISP information
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Table 1. Traveler Information Needs Related to ITS
Architecture Information Flow (Continued).

Traveler Information Needs Information Flows

general travel directions 10. transit services for guidance
20. all ISP information
23. route selection map data

transit fares, parking fees, and toll charges 8. transit fare data

10. transit services for guidance
13. parking lot price data

14. toll data

20. all ISP information

various special event and service information | 16. traveler information
20. all ISP information
21. yellow pages data
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HYPOTHETICAL URBAN AREA

This section should be referred to as a portion of the initial step in the proposed process
where the urban area is defined and the characteristics are specified. In the following discussion the
hypothetical urban area is described including statements of how it represents typical U.S. urban
areas.

The urban area that was used for the sake of this research was made to reflect the typical
characteristics of U.S. urban areas as per the current practice discussion given previously. The basic
characteristics considered were transit modes (bus and rail), highway elements (freeway and surface
streets), parking facilities, municipality (city) boundaries, alignments (rail and highway), and extent
of transit system services (rail and bus). The hypothetical urban area is shown in Figure 4.

The transportation system was designed to be representative of one belonging to an urban
area in the U.S. so that the research results might be more credible. The characteristics that should
be noted are points A and B signifying a potential travelers origin and desired destination; the
overlapping of LRT routes 1 and 2 close to the CBD area; the extent of the LRT system (remaining
inside County 1); the potential traveler has no access to transit at point A; and the busses from
County 2 serve the LRT system of County 1. For simplicity the bus route numbers were assigned
to all of the bus routes consecutively, not accounting for the fact that those in County 2 belong to a
separate system. The most noteworthy item of all is that the traveler has various options available
for accessing point B. For an infrequent traveler, picking the best route from A to B to suit their
needs may prove difficult.
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Figure 4. Hypothetical Urban Area.
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POTENTIAL INFORMATION PROVIDERS

Once the hypothetical urban area characteristics were established it was possible to determine
the potential information providers. These information providers were the agencies providing
services relevant to the ISP objective within the urban area. The relevance of an agency service was
established if it coincided with the definition of a ITS service included in the Defined ITS
Architecture.

The specific services included in the Defined ITS Architecture were also stated relating them
to agencies that could possibly provide the services listed in the left hand column of Table 2. To
demonstrate the process of specifying the potential information providers, types of agencies were
assumed to provide the various ITS services and then listed in the right column of Table 2. The
types of agencies and the respective ITS services they were assumed to provide were consistent with
those listed in the report for the Washington DC Metropolitan Area (2). Establishing the types of
agencies that might provide the ITS services enabled the researcher to associate actual agencies
within the hypothetical urban area to the various ITS services as shown in Table 3.

Table 2. Subsystems and Potential Providers.

Service Type of Potential Providing Agency(s)
Toll Administration Private/Public Toll Authority/DOT
Traffic Management State DOT/City DOT/County DOT
Yellow Pages Service Private
Emergency Management Highway Patrol/Local Police/Fire Department
Transit Management Transit Authority (local, county, and regional)
Parking Management Transit/Private/DOT
Weather Service U.S. Weather Service
Media Local News Media and Advertisers
Map Update Provider Private/Public
ISP Private/Public
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Table 3. Hypothetical Urban Area Service Providers.

Service

Operating Agency Name

Service Area

Toll Administration

Toll Administration

South Freeway

Traffic Management State DOT County 1 and 2
City A DOT City A
City B DOT City B
City C DOT City C
City D DOT City D

Yellow Pages Service

Yellow Pages Service

County 1 and 2

Emergency Highway Patrol All freeways and toll facilities
Management

City A Police City A surface streets

City B Police City B surface streets

City C Police City C surface streets

City D Police City D surface streets

Transit Management

County 1 Transportation
Authority

All County 1 transit operations
(bus and LRT)

City C Transit

Bus routes 3 and 4

Parking Management

County 1 Transportation
Authority

All park and ride facilities in
County 1 except those on the
county line

State DOT

Park and ride facilities on the
county line and in City C

Weather Service

Weather Service

County 1 and 2

Media Media County 1 and 2
Map Update Provider Map Update Provider County 1 and 2
ISP County 1 ISP County 1

City C ISP City C
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The agencies providing the services in the hypothetical urban area are listed in the middle
column with descriptions of their operating areas in the right column of Table 3. These agencies
were given simple meaningful names to avoid confusion and their service areas were chosen to
reflect common characteristics in typical urban areas. For example some urban areas may have a
centralized traffic management center while the agency in charge of emergency management may
vary by the location of the emergency with respect to the facility type and city. A case in point
would be the highway patrol which usually covers freeways while local police usually cover surface
streets in their particular jurisdictions. Please note that fire departments were not included in the
hypothetical urban area because their relevant services are similar to those provided by the local
police department and their inclusion would not have added value to the discussion.

In many cases an agency status as public or private was not specified since, in the case of this
research, the relation of the agency service area to that of the urban area under study was of primary
importance. For an agency service to be relevant in this process its service area must overlap that
of the specified urban area.

The intent of the overall process proposed in this paper was not to evaluate cooperative
efforts among operating agencies or to evaluate operating efficiencies, but to summarize what
information exchanges need to take place between the operating agency services and the ISP. It was
assumed that information flows linking the ITS service, such as Transit Management, to the ISP will
need to exist between the ISP and each of the individual operating agencies providing the ITS service
(e.g., County 1 Transportation Authority and City C Transit). The hypothetical transit system
appears to be decentralized where no single agency is expected to possess all transit related
information for all transit agencies. It can be assumed that it is the responsibility of the proposed ISP
to collect the information from the various agencies and to synthesize it for redistribution to the
traveling public similar to the Washington DC Metropolitan Area Traveler Information efforts (16).

Some agencies may provide more than one service. Such is the case for the State DOT in
the hypothetical urban area where it provides a Parking Management service for the park and ride
facilities and Traffic Management service for the entire urban area freeway network. In this case the
State DOT is the potential information provider for two ITS services. Conversely, some services
may be provided by more than one agency. For example, there are two agencies that provide parking
management services, the County One Transportation Authority and the State DOT, therefore there
are two potential information providers of parking data to describe park and ride parking in the urban
area. Thus each potential information provider is represented by an agency/ITS service combination
as demonstrated (e.g., State DOT/Traffic Management, State DOT/Parking Management, County
Transit Authority/Transit Management, County Transit Authority/Parking Management, etc.).

Figure 5 represents a modified ITS architecture reflecting operating agency involvement in
providing the relevant information flows. In Figure 5 information flows between the services were
combined and relabeled for ease of understanding. For example, all of the information flows
between Transit Management and the ISP in Figure 3 were combined in Figure 5 and relabeled
“Transit Management Data,” describing information flow between the agencies and the ISP.

The potential information providers were summarized by combining the middle column with
the left hand column in Table 3 illustrated in Figure 5 where each combination is represented by the
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source agency and the ITS service mentioned in the arrow label. There are 20 potential information
providers (i.e., 20 agency/ITS service combinations).

Problems with information communication will remain unless the information flows shown
between the particular agencies and the ISP shown in Figure 3 are provided. Providing these
information flows will increase traveler accessibility to the agencies service and increase the
mobility and efficiency of the traveler. The types of information flows possibly needed from these
information providers were described previously in the Defined ITS Architecture discussion where
the information flows are organized according to the respective ITS service (i.e., Traffic
Management, Toll Administration, etc.).

This discussion of the proposed process has established and organized the potential
information providers for the proposed ISP. The information flows shown in Figure 5 are needed
between the operating agencies and the ISP in order to create an ISP with the necessary information
to support the ISP objective and meet the traveler needs.
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Figure 5. ITS Architecture of Agency Involvement.
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SIGNIFICANT INFORMATION FLOWS AND PROVIDERS

Two steps of the proposed process are discussed in this section one is the categorization of
the relevant information flows; and the final step is the determination of the significant information
providers. These two steps in the process evaluated the potential information providers and the
relevant information flows. These evaluations were based on the importance of the information
flows and the need for the respective ITS services.

The line of reasoning used to establish the importance, or significance, of the ITS services,
information flows, and associated potential information providers is summarized as follows:

o If the ITS service was not available in the urban area then the service and its associated
information flows were not significant.

o Ifthe service was available in the urban area but the relevant information flows associated with
that service were not important (i.e., not required) then the service is not important, which
indicates that the potential information providers associated with that service are deemed
insignificant.

Categorized Information Flows

At this point a second look should be taken of the Defined ITS Architecture. Realize that the
information flows specified in this architecture are for an ideal case, as described by the National ITS
Architecture, to support the ISP objective. However, some of this information is required while
others are more optional when trying to support the ISP.

To truly determine what information providers are significant, one must also consider the
importance of the associated information flows. This was done by separating the information flows
into two categories: Required and Optional. The ‘required’ information flows are those that are
essential to support the ISP in developing feasible trip itineraries. For efficient evaluation of the
relevant information flows the ISP objective and traveler information needs established previously
were combined into the concept of a feasible trip itinerary whose definition is as follows:

A trip schedule that meets the cost and time constraints of the traveler and the
scheduling constraints of the transportation system.

The optional information flows are those that supply useful pertinent information that may
have an effect on the travelers trip choices, but are not necessary for the ISP to function properly in
generating a feasible itinerary. Eliminating all of the optional information flows would create a
system with the minimum requirements for meeting the needs of the infrequent traveler.

Notice that a category for irrelevant information flows was not included. This category was
not necessary since the Defined ITS Architecture was specified based on the relevance of the various
services and their information flows. Therefore, all of the information flows included in the
architecture were already determined to be relevant in the context of this process.
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Categorization of the information flows was based on the definition of a feasible trip
itinerary, the Defined ITS Architecture, and the hypothetical urban area agency ITS services. The
assumption in these efforts was that no previous arrangements had been made for communications
between the ISP and the various agencies, representative of a proposed ISP. However, this
assumption would also be useful for an existing ISP exists where it may be desirable to reevaluate
the current system.

Following is the categorization of the defined architecture information flows, in parentheses,
with brief discussions of the reasoning behind the categorization. Also a summarization of the
categorization is presented in Table 4.

e current highway network state (required): This information would ensure accurate travel time
estimation for the private auto portion of the trip, accounting for variable operation of freeway
facilities.

e current road network state (required): This information would be needed for the same reasons
specified for item one above, although the importance of the freeway data may be greater
depending on how much of the trip requires use of surface streets verses freeways.

e link data for guidance (required): This would be needed in order to gather information
concerning relevant road and highway section from the correct ISP’s if any others serve in the
urban area or neighboring areas.

e predicted incidents (required): This information flow would help reflect the effects of congested
conditions due to predictable traffic variations.

» transit fare data (required): Including fare information would enable the traveler to prepare to
pay for the transit services and evaluate alternative itineraries based on cost.

e transit services for guidance (required): This information would help develop a feasible trip
itinerary by describing fare variations based on portions of routes used, route numbers, and stop
schedules, etc.

e transit vehicle deviation details (required): This information updates routes and schedules
making a feasible itinerary possible in the event of transit system disruptions.

e parking lot availability (required): This information ensures that the traveler can feasibly
transfer from the private auto to transit at a park and ride facility.

e parking lot price data (required): This information allows the traveler to assess the costs of
alternative trip itineraries as was the case for transit fare data.

e current weather (required): Current information describing weather conditions in an urban area
would help the traveler to determine which types of bus facilities are more desirable to provide
shelter during periods of inclement weather (i.e., a traveler does not want to wait for a bus in
the rain or extreme heat). This information can also be used to make qualitative adjustments
to alternative trip itineraries based on possible traffic operation variations due to inclement
weather.

o predicted weather (required): This information flow would allow the traveler to make a
qualitative assessment of a trip itinerary taking into consideration the variation of traffic
operations in response to different weather conditions. This would be important in areas where
traffic conditions are near the critical capacity where traffic operations would break down if
external factors appeared such as rain, snow, heavy winds, etc.

» yellow pages data (required): In many cases the infrequent traveler may not know the business
hours and/or address of a destination(s). In this case the information that could be provided by
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a yellow pages service provider would be essential, making the ISP much more useful in
creating feasible trip itineraries.

toll data (required): This information would be needed in order to determine the out-of-pocket
costs of an alternative trip itinerary.

vehicle tolltag data (required): This information would provide estimates of travel times on
roadway/highway segments enabling the ISP to account for private auto travel times in the
development of alternative trip itineraries. It appears that in current practice travel time
estimates are mostly derived from loop detector data; however, some agencies in a few urban
areas use vehicle probe data from toll tags which allows a more direct, and thus more accurate,
method of estimating travel time (17).

incident information (required): This information would be used to estimate the effects of
incidents on different routes/trip itineraries enabling the ISP to evaluate the feasibility of various
combinations of routes and itineraries.

all ISP information (required): For the hypothetical urban area this information flow must be
used so both ISP resources can be used to produce a trip itinerary.

traveler information (required): When large events occur in an urban area they can have a
significant impact on the transportation system operation. Therefore, this information could
have a considerable impact on what trip itineraries are output by the ISP.

incident notification (required): Using this information flow provides another means for
collecting incident information. However, it comes from the media and the driving public and,
therefore, has a larger coverage area. This would be useful especially in cases where
transportation facilities are not instrumented in a way that would allow for efficient automated
detection of incidents.

traffic prediction data (required): During normal functions of the highway/roadway network
these data would not be required; however, once an incident has occurred, use of these data
would be very useful and could possibly be the difference between making and missing a bus
or train.

road conditions data (required): This would be of particular value when considering traffic
operation variations in response to road surface conditions (i.e., wet, icy, snow, dry, etc.). The
general weather information is also useful in this regard but lacks the detail that this information
flow contains. Estimates of travel times can be obtained from highway and road network state
data and vehicle tolltag data, but road conditions data for freeways would also reflect surface
street conditions as well (i.e., it is unusual that instrumentation used for estimating travel times
would be available for surface streets).

route selection map data (required): Presenting the information using geographic representations
that accurately describe the urban area is necessary for quick access to information and quick
visual communication of route directions.

demand responsive transit plan (optional): This would not be required since there is no demand
responsive transit system available in the hypothetical urban area.

transit media emergency information (optional): Much of the data contained in this information
flow would not be of particular interest to the traveler. Furthermore, the information flow,
transit vehicle deviations details, is probably more applicable to the development of a feasible
1tinerary.
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Table 4. Categorization of the Relevant Information Flows.

Relevant Information Flows Category
current highway network state required
current road network state required
link data for guidance required
predicted incidents required
transit fare data required
transit services for guidance required
transit vehicle deviation details required
parking lot availability required
parking lot price data required
current weather required
predicted weather required
yellow pages data required
toll data required
vehicle tolltag data required
incident information required
all ISP information required
traveler information required
incident notification required
traffic prediction data required
road conditions data required
route selection map data required
demand responsive transit optional
transit media emergency information optional
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Only two of the information flows were categorized as optional: demand responsive transit
data and transit media emergency information (see Table 4 and Figure 3). These information flows
were optional as demand responsive transit was not available and the other was accounted for by a
more useful information flow (see previous discussion). Keep in mind that this categorization was
based on the hypothetical urban area transportation system services (i.e., no demand responsive
transit) and the assumption that the other stated information flows are available. Furthermore, it
should also be noted that the categorization of information flows will vary between urban areas as
the characteristics will most likely be different.

Significant Information Providers

Significance of the information flows and information providers was established by following
the line of reasoning stated at the beginning of this section. All of the ITS services were represented,
to some degree, in the hypothetical urban area transportation operations and all of them could
provide at least one required information flow. Therefore, all of the potential information providers
were deemed significant as were their corresponding required information flows.

One look at the ‘required’ information flows would indicate that a transportation system that
has such information at their disposal would seem to be very advanced in comparison to the Atlanta
and Southern California transportation systems. If the existing agencies currently do not possess
information needed for the various information flows then some resources must be spent in
determining how, or if, such information can be provided. The issues addressing the development
of such information are beyond the scope of this research. However, this research does provide the
reader with a more detailed picture of where the information should come from and what the
information should be.
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PROCESS SUMMARY

The previous five sections describe a general process for approaching the problem of
providing a convenient useful ISP service to the infrequent traveler for the purpose of planning
multiple mode trip itineraries prior to the initiation of the trip. There are various sources of
information to help ascertain what information is needed to provide such a service. However these
sources do not discuss the process used to relate these information needs to the specific agencies in
an urban area, thus locating the information providers for future information exchange. There needs
to be documentation for the lay individual who is not completely familiar with the ITS Architecture
in all its complexity.

The discussion in this paper guides the reader through the steps in a process to define the
information flows and associated providers needed for the achievement of the ISP objective. In brief
terms this process does the following: defines the traveler needs, creates an applicable ITS
architecture, and relates this architecture to an urban area and its various transportation related
operating agencies.

These steps are summarized in this section allowing the lay individual, or investigator, to
relate their respective urban area to the National ITS Architecture to provide pre-trip planning
services for infrequent travelers. From this the investigator will be able to determine the information
needs relative to a proposed ISP and the various agencies that could support the ‘required’
information flows in that urban area. The summary is presented in the form of a flow chart (see
Figure 6) and accompanying discussion to facilitate understanding of the previous steps taken and
the reasoning process involved.

Initial Step
ISP Objective

The initial step includes four tasks or efforts. The first task, determine the ISP objective,
could be considered a given or changed to reflect more appropriate goals. The reader should note
that an ISP would normally have a broader objective, or multiple objectives, as is the case for the
Washington Metropolitan Traveler Information service (2).

Traveler Information Needs

The second task in the initial step is to define the traveler information needs. These can be
based on local studies of traveler information needs or on previous studies performed in other areas,
as was the case for this research. If the later type of source is chosen exclusively, comfort can be
found in the fact that the approach taken in this research should provide ample opportunities for one
to modify the outcome based on knowledge of the urban area in question.
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Define the Relevant ITS Architecture

The next task addresses the definition of an applicable ITS architecture. It is recommended
that the ITS architecture be limited to one way information flows toward the ISP and only include
information flows that are relevant to the ISP objective and traveler information needs. Following
these recommendations will maintain the efficiency of the process.

The Defined ITS Architecture developed in this research was taken from the National ITS
Architecture in a comprehensive manner where all relevant information flows, services, etc. were
included. Therefore, the Defined ITS Architecture should be a sufficient starting point for the reader
to consider the various aspects of the National ITS Architecture and can be used to provide
information on all relevant information flows to the ISP if the ISP objective is similar to that stated
in this research. Ifthe ISP objective is different then it is suggested that the investigator refer to the
National ITS Architecture to reevaluate the information flows communicated between the ISP and
the various ITS services, and the ITS services themselves, to determine their relevance to the ISP
objective.

ISP Objective: private auto - Feasible Trip Itinerary Definition

transit itinerary development for - 5
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the infrequent traveler
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Figure 6. Process for Determining Significant Information Providers.
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Urban Area Definition

The urban area characteristics should contain information describing the boundary of the
intended service area. This should describe which municipalities, counties, unincorporated areas,
etc. are included in the urban area.

One should also describe agency operational boundaries and services provided in such a way
that these services can be related to the ITS services in the Defined ITS Architecture. These
operational boundaries can be the city limits of incorporated areas; the extent of the various rail and
bus systems; the coverage area of traffic management centers, emergency management services, toll
authorities; the administrators of the various park and ride facilities; the coverage area of other ISP’s
in the area; potential radio and television media in the urban area; map provider area of
responsibility; and potential sources of weather information; and other ITS services relevant to the
investigator’s ISP objective.

At this point it should be understood that the actual boundaries of operation are not
important. What is important is knowledge that the operational boundaries do coincide with at least
a portion of the specified urban area. This is because the process does not consider the geographical
relationships between the various agency operational boundaries; it considers only the fact that an
agency does operate in the urban area and the respective services that it provides.

Potential Information Providers

This step is performed to determine the probable information providers are for accomplishing
the ISP objective. The probable providers are related to the ITS services they provide creating
agency/ITS service combinations to describe which agencies provide the ITS services (e.g., State
DOT/Parking Management, State DOT/Traffic Management, etc.).

The effort involved in this step of the process is to create the agency/ITS service
combinations based on the ITS services proposed in the Defined ITS Architecture and the various
agencies operating in the urban area. These combinations are created by matching agencies with ITS
services corresponding to current services that they provide.

If a particular service is not currently provided and most likely will not be provided in the
future then that service should be skipped. Such a situation may result for ITS services such as Toll
Administration, Other ISP, etc. These ITS services will be eliminated in the final step of this
process.

Categorized Information Flows

As of yet, no opportunity has been afforded to the investigator for modifying the sets of
information flows and ITS services included in the Defined ITS Architecture. Such an opportunity
is essential and is provided in this step to allow additional flexibility and to ensure that the project
results are reasonable. The relevance of the various information flows to the objective has already
been established earlier in the process when the Defined ITS Architecture was developed. However,
modifications may be necessary because some information flows may not be required to support the

E-37



ISP objective and traveler information needs. At this step the investigator must synthesize the
traveler needs established in the initial step, and the ISP objective. The synthesis must be done in
a way that will result in the fewest, most intuitive constraints possible, similar to the definition of
a feasible trip itinerary. Then the investigator categorizes the relevant flows establishing those that
are required to meet the established criteria and those that are optional.

The information needed to establish which Defined ITS Architecture information flows are
required are the following: the constraints synthesizing traveler needs and the ISP objective, services
provided in the urban area, and relevant information flows as indicated in the Defined ITS
Architecture. When this information is available, the information flows can be categorized in such
a way that the ‘required’ flows will be separated from the optional.

Significant Information Flows and Providers

Once the ‘required’ information flows have been determined and the possible agency/ITS
service combinations have been identified a list of significant information flows and providers can
be created. This is done by relating the ‘required’ information flows to their respective services (e.g.,
current highway network state and Traffic Management or transit vehicle deviations and Transit
Management).

The line of reasoning used to establish the importance, or significance, of the services,
information flows, and associated potential information providers is summarized as follows:

o If the ITS service was not available in the urban area then the service and its associated
information flows were not significant.

o Ifthe service was available in the urban area but the relevant information flows associated with
that service were not important (i.e., not required) then the service is not important, which
indicates that the potential information providers associated with that service are deemed
insignificant.

Some of the information flows dictated by this process may not be feasible to provide based
on technological, resource, and/or institutional constraints. This process does not account for the
feasibility of the various information flows since the goal of this process was to determine what type
of information was needed from which agencies, the first step in creating an effective ISP. This
knowledge is the basis for interagency agreements and negotiations, allowing decision makers to
have good knowledge of what information flows would be necessary to support the ISP objective.
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APPLICATION

The ultimate goal of this paper is to enable individuals not familiar with ITS nomenclature
and architecture to understand what information is needed and what the bases are for developing
interagency relations for developing an effective ISP. In pursuit of this goal an actual urban area was
chosen as a mock application of the process described in the Process Summary. The urban area
chosen was the metropolitan area surrounding and including Seattle, Washington. The reason for
choosing this site was that it included several counties, many communities, and the necessary
information was easily accessible via the Internet.

The discussion describing the application of the proposed process to this urban area is limited
to the application of the process described in the previous section, Process Summary (as illustrated
in Figure 6). The information used is limited to that which could be feasibly obtained and in some
cases does not represent all operating agencies in the chosen urban area. Furthermore, agency names
used in this discussion may not be the same as the actual names. These information limitations could
be removed by accessing a Seattle area phone book and determining the agency names by
city/community.

Some of the agencies may not be interested in supporting an ISP; however, it is essential that
all of them be included in name throughout this process. After this process has been finalized the
agency proposing the ISP service should then occupy itself with encouraging the interest of all
agencies determined to be significant information providers.

Initial Step

The initial step of the process is to define the objective, the traveler information needs, the
ITS architecture, and the urban area and its characteristics. The urban area considered for this
application ranges from Tacoma, in Pierce County to the south, to Everett, in Snohomish County to
the north, and from Seattle, to the west, to Issaquah, to the east. The ISP objective, Defined ITS
architecture, and traveler information needs were assumed to be the same as was stated for the
hypothetical urban area; however, in a real application all of these assumptions must be checked to
ensure compatibility with the urban area and the desired ISP objective.

For the Seattle urban area this process must account for numerous agencies ranging from the
Washington State Department of Transportation (WSDOT) to individual municipality agencies such
as the Bellevue Fire Department. As mentioned previously the actual names of the individual
agencies were not used in the case of the municipalities. The names used were sufficient to identify
the area and the agency type (e.g., Bellevue Police Department, Bellevue Fire Department, etc.).
There were 36 cities and three counties considered in this process along with the WSDOT and
private enterprises (18, 19). It was assumed that each city employed three related agencies which
are the following: a department of transportation, a police department, and a fire department .

It was understood that some of these services could be contracted out to the county (e.g.,

police and fire) or do not exist as a specific agency being incorporated into public works (i.e.,
department of transportation). If it is determined that the county provides services by contract to
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several cities then this will only serve to simplify the problem. If a specific agency does not exist
then a follow up will have to be made to determine what agency or individual supervises the related
work. In effect, the intent is to find the entities that perform the service even if it is only one of many
functions the entity performs.

The researcher assumed that each county employed four related agencies, three of which were
the same as those provided by the cities while the fourth was a transit agency. Performing some
quick math the number of public agencies that were considered is 108 city agencies, 12 county
agencies, the state DOT, and the interested private agencies, totaling 121+ agencies.

Determine Potential Information Providers

To determine the potential information providers the agency/ITS service combinations need
to be established. The city police and fire departments both provided one service, Emergency
Management, and the departments of transportation provided one service, Traffic Management.
Therefore, for the cities there were the same number of potential information providers as there were
agencies, 108, since each agency only provided one service. For the counties the transit agencies
provided two services, Transit and Parking Management. All of the other agencies provided only
one ITS service each. Therefore, there were three more agency/ITS service combinations than there
were county agencies, (15 agency/ITS service combinations). The WSDOT provided two services,
Traffic Management and Emergency Management.

No agency provided the Toll Administration service since no such service exists in the urban
area. Furthermore, it was assumed that the service, Other ISP, did not exist in the urban area.
Therefore there was no need to determine agency/ITS service combinations for either service.

The remaining agency/ITS service combinations involved private enterprises and could be
treated by assuming that there was one agency for each combination. This was possible since it was
not known which private enterprises would be selected to support the related information flows. In
a sense, the results of this process would enable the organizing agency to post a request for proposals
where interested enterprises would participate in competitive bidding for the provision of the related
information flows. Therefore, these remaining agency/ITS service combinations were specified as
private/Media, private/Map Update Provider, and private/Y ellow Pages Service Provider. Given the
previously stated combinations the potential information providers were enumerated as shown in
Table 5.
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Table 5. Enumeration of Seattle Urban Area Potential Information Providers.

Agency/ITS Service Combination Type Quantity
City Police/Emergency Management 36
City DOT/Traffic Management 36
City Fire/Emergency Management 36
County Sheriff/Emergency Management 3
County Fire/Emergency Management 3
County DOT/Traffic Management 3
County Transit Agency/Transit Management 3
County Transit Agency/Parking Management 3
State DOT/Traffic Management 1
State DOT/Emergency Management 1
Private/Media 1
Private/Weather Service 1
Private/Map Update Provider 1
Private/Yellow Pages Service Provider 1
-/Other ISP 1
-/Toll Administration 1
Total Potential Information Providers 131

Categorize Information Flows

The same reasoning described for the hypothetical urban area can be used for the Seattle
urban area where all of the information flows were categorized the same except the information flow
related to demand responsive transit. Demand responsive transit was available in the Seattle urban
area it is an integral part of the transportation system, especially for the physically impaired (18).

An information flow categorized as ‘required’ does not necessarily signify that it would be
included in the final system; to the contrary, through additional study it may be decided that some
information flows are infeasible or undesirable to support. For current transportation systems this
may be the case for the information flow, current road network state, since few if any surface streets
have been instrumented with the necessary equipment to provide such data. However, it may be
determined that such data can be provided but only for the larger, more densely populated
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municipalities. These are issues that should be considered in the development of a system that would
achieve the ISP objective specified in the process; however, they are beyond the scope of this
research.

Determine Significant Information Flows and Providers

Significant information flows and providers were determined for the Seattle urban area based
on the input of the categorized information flows and the potential information providers. The
relation of the categorized information flows and the potential information providers completed the
picture by associating the possible agency/ITS service combinations with ‘required’ information
flows. The services that did not have any agency providers, current or future, were eliminated (e.g.,
Toll Administration and Other ISP) together with their associated ‘required’ information flows.
Those agency/ITS service combinations that were not supported by a ‘required’ information flow
could have been eliminated in this step of the process as well; however, all combinations for this
application supported a ‘required’ flow.

After relating the categorized information flows to the potential information providers the
remaining agency/ITS service combinations each represent a significant information provider. The
agency specified in the combination can now be noted as a desirable source for information
describing the related to the ITS service specified in the combination.

Due to the magnitude of agencies involved only a partial report of the significant information
providers was provided. This report is detailed in Table 6 enumerating the agency/ITS service
combination types, one example providing agency in the Seattle urban area, and the corresponding
‘required’ information flows for the achievement of the ISP objective.

Typical Agencies and Required Information Flows

Table 6 can also be used to determine what information would be needed from typical
agencies in an urban area relevant to the transportation system, accomplishing the second objective
of this research. The typical agencies are listed in the left column as part of the agency/ ITS service
type and the associated information is in the right column. The relationship of the types of agencies
to the information flows enables quick understanding of the type and amount of information needed
from the agencies. Understanding these information requirements gives the individual a greater
appreciation of the problems associated with developing an effective ISP enabling them to more
effectively participate in the development of ISPs that truly meet travel needs.

The bulk of the information is in Table 6; however, there are two missing elements, the ITS
services Toll Administration and Other ISP. The service Other ISP simply communicates
information requested from neighboring ISPs when conditions warrant and can be provided by public
and private agencies alike.
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Toll Administration is an ITS service that communicates toll data, which relays the cost
schedule associated with toll roads, and vehicle tolltag probe data, which relays the processed travel
time data with the associated route segments. Toll Administration is an ITS service that, in practice,
can be provided by either public or private agencies. A public agency might be a State DOT or a

Toll Authority.

Table 6. Seattle Urban Area Information Providers and Corresponding Information Flows.

Agency/ITS Service Urban Area Significant Information flows
Combination Type Example
City Police/Emergency Bellevue Incident Information
Management
City DOT/Traffic Management Bellevue e current highway network
state
e current road network state
e link data for guidance
o predicted incidents
» traffic prediction data
* road conditions
City Fire/Emergency Management | Bellevue incident Information
County Sheriff/Emergency King County Sheriff | incident Information
Management Department
County Fire/Emergency King County Fire incident Information
Management Department
County DOT/Traffic Management | King County . current highway network
Department of state
Transportation . current road network
state
. link data for guidance
. predicted incidents
. traffic prediction data
. road conditions
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Table 6. Seattle Urban Area Information Providers and
Corresponding Information Flows (Continued).

Agency/ITS Service
Combination Type

Urban Area
Example

Significant Information flows

County Transit Agency/Transit
Management

Pierce Transit

» demand responsive transit
plan

e transit fare data

e transit incident information

e transit services for guidance

e transit vehicle deviations

e transit media emergency
info.

County Transit Agency/Parking
Management

Pierce Transit

e parking lot availability
e parking lot price data

State DOT/Traffic Management WSDOT e  current highway network
state

e  current road network state

e link data for guidance

o predicted incidents

» traffic prediction data

* road conditions
State DOT/Emergency WSDOT incident information
Management
Private/Media KING 5 e traveler information

e incident notification
Private/Weather Service CNN (Internet) e current weather

e predicted weather
Private/Map Update Provider ETAK * route selection map data
Private/Yellow Pages Service ETAK e yellow pages data

Provider
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CONCLUSIONS

The results described in the Significant Information Flows and Providers discussion coincide
with the system specifications put forth by a recent study for the Washington Metropolitan Traveler
Information Service, essentially validating the process described in this report. However, this paper
also provides a description of a process that could be used to specify the information flows needed
and which agencies would be the desirable information sources to support the ISP objective.

This report described this process in a form that is understandable to technical and non-
technical parties unfamiliar with ITS architecture application, aiding them in specifying the needs
for their own urban area and ISP. At the same time the proposed process allows ample flexibility
for the individual to make the necessary modifications to more accurately represent urban area
characteristics, different ISP objectives and varying traveler needs.

The results of the example involving the Seattle urban area showed that many agencies could
be involved in supporting the various information flows needed to meet the ISP objective. Many
agencies may need to be contacted with whom working relationships must be developed. Output
from the proposed process can act as a basis for developing and organizing these relationships giving
both parties a starting point (information flows) on which to found future negotiations. This
provides a direct link between the National ITS Architecture and its application in urban areas.
Furthermore, the process allows local operational and administrative personnel to more easily
understand who the information providers are without having to delve into the architecture
documents themselves.

It was demonstrated, through a hypothetical situation and an actual situation, that the process
would be quick, intuitive, and effective for application in the real world. The process is quick
because the information needed does not go far beyond what is contained in this paper and what
typical agencies currently have at their disposal; it is intuitive because it associates information
providers, the primary concern, to actual agency services in the urban area; and it is effective as it
relates the information needs to the agencies that could act as information providers. This provides
a basis on which agency relations and cooperation can be sought; the individuals involved would
know what information is needed from which agencies to increase infrequent traveler access to
points of interest in an urban area using the private auto and transit transportation modes.

This process provides the groundwork for creating an ISP that could effectively determine
feasible trip itineraries for a infrequent traveler. While executing this process does not guarantee
successful deployment of the ISP, it is a step in the right direction.

Recommendations for Future Research
Involvement in the research discussed in this paper has led to several topics for future
research. Those that are mentioned address the issues of how to work with the incoming

information. The Defined ITS Architecture included over twenty information flows. Further
research must be done to determine how this information can be synthesized and manipulated to be
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efficiently and effectively used by the traveler. Such research would allow the various components
of information to be utilized in creating a feasible trip itinerary in response to a traveler query.

Information accuracy is another concern that must be addressed when developing these
systems. Some process must be developed to determine the accuracy of the various data used as
input to the ISP and to relate this combination of accuracies to an overall confidence level associated
with the alternative itineraries. This would enable the traveler to make more informed decisions
based on the risk associated with each alternative as well as the possible travel time and other
important factors.

The feasibility of providing all of these information flows is also a concern where many
urban areas do not possess any data to support some of them. Research should be performed to
evaluate the feasibility of providing the various data flow and to investigate alternative data sets that
more likely exist or perhaps are more feasible to obtain.
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SUMMARY

In the current information age, almost every metropolitan area in the United States maintains
a home page on the World Wide Web that provides a wealth of information to the traveling public.
This information includes traffic information, shopping locations, hotel and restaurant information,
local attractions, transit information, and more. There is also a broad range of information on the
internet that may be applied to a regional traveler information home page, that could be used to assist
drivers traveling between metropolitan areas. There are very few of these home pages currently
available on the internet.

The research objectives of this project were six fold. The first objective involved identifying
the costs of developing and maintaining a regional traveler information home page. The next two
objectives involved identifying what information travelers need and desire, and then locating where
this information may be found on the internet. The results of these two objectives were then used
to develop guidelines for a generic internet home page that could be used by any regional area.
These guidelines not only identify what information should be presented, but the manner and format
in which it should be presented. The guidelines that were developed were then used to create a
generic template for a regional traveler information home page in the fifth objective. Finally, this
template was used in creating a regional traveler information home page for the region along the
Interstate 45 corridor between Galveston and Dallas, Texas.
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INTRODUCTION

Today, there are well over 40 million people of all ages "traveling" on the information
superhighway, and the World Wide Web in particular. Projections predict that by the year 2000,
there will be over 200 million users (1). There are currently more than 650,000 World Wide Web
sites receiving traffic daily (2). The internet is becoming so widely used that in the near future, it
is probable that internet connections will be as numerous as phone connections (3). The World Wide
Web provides an opportunity for almost everyone to gain information on a wide range of topics
quickly and, in most cases, accurately. With this amount of exposure and availability, the internet
has the potential to be the most widely used technology for an advanced traveler information system
(ATIS).

Currently, almost every metropolitan area maintains a traveler information home page on the
World Wide Web. Most metropolitan areas' home pages contain information on a variety of topics
of interest to travelers; this includes traffic information, shopping locations, hotel and restaurant
information, local attractions, transit information, and so forth. The internet also has a large amount
of regional information that can be used by persons traveling between metropolitan areas. Some
examples of regional information include bus and train fare schedules and rate information, airport
information, weather information, routing information, and maps. While this information is useful
to the local traveler, it would be very valuable to the "out-of-town" traveler that is unfamiliar with
the characteristics of the region.

There are several reasons why regional traveler information home pages are uncommon. One
reason can be attributed to the fact that there is no single municipality or agency that would directly
receive the benefits given by a regional traveler information system. Due to this, no one agency is
willing to expend the resources necessary to develop and maintain the system. A second reason may
be that there are few regional traveler information systems on the internet, and no development
guidelines which can be followed by other agencies exist. These guidelines for creating an online
regional traveler information system are presented in this paper.

Research Objectives
The objectives of this research project were to:

1. Identify and quantify the costs associated with developing and maintaining a regional traveler
information home page.

2. Identify the information needs of persons traveling between and within metropolitan areas.

3. Identify which information needs, identified from the first research objective, can be met by
using existing resources on the World Wide Web.

4. Develop information and design guidelines that can be followed when developing a regional
traveler information home page.

5. Apply the results of the research to create a template that could be used by any region to develop
an effective, but inexpensive traveler information home page.

6. Use the template to create a traveler information home page for the I-45 corridor that connects
the metropolitan areas of Houston and Dallas.

F-1



Study Approach and Scope

To determine costs, the author surveyed five local internet marketing agencies and four local
internet service providers. The survey was used to identify and quantify the cost components of
developing and maintaining an internet site on the World Wide Web. The agencies were asked
different questions depending on whether the agency was an internet provider, or if the agency was
an internet marketing service.

The internet service providers were asked the following questions:

1.  What are the cost components of having an internet site hosted?
2.  How much do each of these components cost?

The internet marketing services were asked these questions:

1. How much would it cost to develop a regional traveler information home page?
2. What is this cost based on?
3.  How much does it cost to have the site maintained?

The next task of the study was to identify the information needs of regional travelers.
Information that could be used in the pre-trip planning stage by regional travelers was given
particular attention. To obtain this information, literature searches were conducted on the
Transportation Research Information Service (TRIS) database, the Texas A&M University library
database, and the Texas Transportation Institute library database. This search was focused on pre-
trip planning needs since the internet would most likely be used in the planning stage.

To identify what online information is available, an in-depth search was conducted on the
World Wide Web. Current regional traveler information home pages, as well as sites containing
information that can effectively be used on a regional traveler information system were noted. The
results of this search included examples of current web sites. It was understood that specific
information available for some regions may not be available on a national level.

A two-pronged approach was used to develop new guidelines to create a regional traveler
information home page. Initially, guidelines presented in previous research were reviewed. Then,
other guidelines were developed based on current online traveler information systems that effectively
present usable information to the traveler. These guidelines are based on what information should
be presented, as well as how the information should be presented. It is also important to note that
these guidelines are based on using information that is already maintained on the internet. In this
way the regional traveler information home page is merely a packaging tool for this information.

A world wide web page template was then created based on the information and design
guidelines which were found in the research study. This template could be used to develop an
inexpensive traveler information home page for any region. Finally, to test the validity of the new
guidelines, they were applied to the development of a regional traveler information home page for
the region along the Interstate 45 corridor between Galveston and Dallas, Texas. This home page
includes all relevant information which is available for the area.
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Organization of Report

This report is broken into six different sections. The costs of developing and maintaining
an internet home page are discussed in the first section. These costs include the development,
registration, hosting, and maintenance of the site. Each of these components are discussed in detail
and cost estimates of each component are offered.

Information needs that need to be included on a regional traveler information home page are
discussed in the second section. In total, six different information types are presented including:
weather information, traffic information, roadway condition and construction information, maps and
directional information, public transit information, and airport and flight information. After the
discussion of needed information, several examples are given where this information may be found
on the internet.

The third section of the report includes a discussion of design guidelines which should be
followed when creating a regional traveler information home page, specifically: organization,
graphics, consistency, links and feedback.

The generic template for a traveler information home page based on the information and
design guidelines is presented in the fourth section. In the fifth section, the format and information
content of the Interstate 45 Regional Traveler Information Home Page which was developed using
the information and design guidelines presented in this paper are discussed. The location and an
example of each of the information links is also presented. Conclusions that were reached from the
research process are summarized in the last section.
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COSTS

Before any agency makes a decision to develop and maintain an internet home page, the costs
of doing so should be researched. In order to identify the cost components of developing and
maintaining a home page, the author conducted a survey of five local internet marketing agencies
and four internet service providers. Four primary cost components were identified. The first cost
component is that of development. Development includes actually creating the home page. The
second component, registration, involves having a domain name registered. The third cost
component involves hosting the site. The hosting fee covers the cost to have the home page stored
on an internet server that links it to the rest of the World Wide Web. The last cost component,
maintenance, includes anything done to the physical appearance or content of the site after
development. Each of these components are discussed in greater detail in the following sections.

Development

When an agency decides to develop a traveler information home page, the agency can choose
to have the site developed professionally, by an internet marketing service, or in-house by an
employee knowledgeable about the internet. The costs related to having the site professionally
developed as compared to having it created in-house are vastly different. In this section the cost
components and relative costs of each development type are discussed.

Professional Development

The range of costs one can expect to pay to have an internet site professionally developed is
as broad as one can imagine. One internet marketing agency said that these development costs could
range anywhere from $50 to $50,000,000 (4). The cost of development varies based on several
factors. One factor is the actual time that the developer must spend creating the site; this cost
component can range anywhere between $25 and $75 per hour (4). Another factor that plays a major
part is the technology and applications that the home page uses (5). Some examples of different
technologies include such things as real-time information, credit card encryption for online
purchases, online databases with search functions, and interactive media (5). Graphics are another
factor that significantly affects the price. If the graphics are prepared beforehand by the agency
sponsoring the home page, a great deal of money can be saved (4).

To develop a regional traveler information home page that consists only of links to other
information sources, an agency can expect to spend between $2000 and $3000. This price includes
development of the basic graphics and buttons that must be created for the web site. The resulting
site will be similar in content to the [-45 Corridor Traveler Information Home Page discussed later
in this paper.

In-House Development
Another option in developing the regional traveler information home page involves using in-

house employees. Almost every technical agency has someone on staff who would be more than
willing to create a basic Web site that will cost almost nothing (6). The only thing other than a
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computer that is necessary is free internet software, such as Netscape Navigator. If graphics are
desired, it may be necessary to employ the services of a graphics specialist. Many of these can be
found at a reasonable price.

Registration

The second cost component of developing an internet site is registration. This component
involves choosing a uniform resource location name (URL) and registering it. The URL is the
internet address of the web site (e.g., www.yourname.com). Although the registration of a site is not
mandatory, having an easy to remember internet address will pay dividends to the agency and the
user. Registration must be done through the InterNIC registration service. The cost for registration
is $100 for the first two years and $50 for each additional year. If the home page is being developed
by an internet marketing agency, they will most likely handle this. On the other hand, if the
transportation agency is responsible for doing this, a good start is to visit the InterNIC site at
http://www.internic.net (6).

Hosting

The next cost component of developing an internet site is the hosting component. Hosting
involves choosing an internet service provider that will link the site to the rest of the internet. Once
again, if an internet marketing agency developed the site, they will usually take care of this
component. To quantify the cost of hosting, four local internet service providers were contacted and
questioned about the cost of their service. The service cost includes a setup fee and a monthly
service fee. Setup fee can range between $0 and $20 depending on the service provider, while the
monthly service fees range from approximately $20 to $50 per month depending on the options
offered in each service package (7,8,9). The different options include such things as the amount of
server memory allotted and the number of e-mail addresses assigned.

Maintenance

The last cost component related to an internet home page is that of maintenance. The cost
to maintain the page is very similar to the development component. It can be done either in-house
or by an internet marketing agency. Ifthe maintenance that must be done is simplistic, it can be done
in-house. The cost of maintain the site in-house is based strictly on the cost of the time of the
individual doing the maintenance. Conversely, if the maintenance must be done by a professional,
one can expect to spend between $25 and $75 an hour (4).
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INFORMATION GUIDELINES

The key element of success for any traveler information system lies in satisfying the
information needs and desires of the travelers (10). To satisfy these needs, it is necessary to first
identify the users' information needs and desires, and then present the information to the traveler in
a usable manner. Each of the necessary information types is presented in this section.

One of the most comprehensive studies focused on identifying ATIS user needs was
conducted by Urban Engineers, Inc. The main goal of the study was to identify both pre-trip and en-
route user needs for those traveling in the [-95 northeast corridor (10). The research team conducted
phone surveys to identify important auto and transit user needs, and used on-site surveys to identify
air and intercity rail traveler’s needs. In order to maintain the scope of this paper, the review of
results are limited to those user needs that may be satisfied in the pre-trip planning stage.

A great deal of the information that should be incorporated into a regional traveler
information home page can already be found on the internet. For this information, it is necessary to
provide links so that the user can easily access them. Examples of this information is listed under
each information category with their respective agency and internet address.

Weather Information

Weather information is a critical component of a traveler information system. With accurate
weather information concerning the severity of road and travel conditions, the road user can
determine whether or not to proceed with a potentially unnecessary trip (11). In the I-95 northeast
corridor region, 70 percent of local automobile travelers and 80 percent of long-distance auto
travelers considered weather information important. Many air and transit travelers also consider
weather information very important (10). Although adverse weather conditions are more common
in some areas more than others, this information should be provided on any regional traveler
information home page.

There are many national and regional weather services that provide hourly online weather
information including: current weather conditions, forecasts, travel information, and weather maps.
With these weather information services, virtually every region in the United States, and even the
world is covered. The Weather Channel Home Page even provides city road maps and airline flight
delay information.

Some example weather information home pages are shown here:
e American Weather Concepts Home Page - http://www.amerwxcncpt.com/

e National Weather Service Home Page - http://www.nws.noaa.gov/
e The Weather Channel Home Page -http://www.weather.com/twc/homepage.twc
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Maps and Directional Information

Drivers that are unfamiliar with an area may find maps and directional information useful.
In the I-95 northeast corridor region, 70 percent of the long distance drivers considered mapping and
directional information important. This information can also be valuable to local drivers who need
directions to another address in their same metropolitan area. Maps and directional information
should be provided on a regional traveler information home page.

There are currently several organizations that provide free online maps and turn-by-turn
directions for traveling between any two cities in the United States. Given any two cities, two
addresses, or even an or two e-mail address, these services can provide graphical and text directions
to get the user where they want to go.

Some examples of maps and directional information home pages are shown here:

e GeoCities - http://www.vicinity.com/geocities/
e Trip Quest - http://ca-mall.com/tripques.htm
e Yahoo! Maps - http://maps.yahoo.com/yahoo/

Roadway Condition and Construction Information

With roadway condition and construction information, automobile travelers that consult the
traveler information home page before making a trip can either reroute their trip to save time or
reschedule the trip to avoid delays or unsafe conditions if adverse conditions exist. In the 1-95
northeast corridor region, 70 percent of local travelers and more than 80 percent of long distance
travelers considered roadway condition and construction information either important or very
important (10). Therefore, this information should be provided on a regional traveler information
home page.

Each of'the 48 states in the continental U.S. currently maintain online roadway condition and
construction information either through the state department of transportation or through another
public agency. While some states simply provide the roadway number, relative location of
construction, and the nature of the roadway condition or construction, others such as that of Ohio
provide a detailed map with explanations of the roadway condition or construction project as seen
in Figure 1 (15).

Road Watch America (RWA) Direct maintains a home page with links to roadway condition
and construction information for each of the 48 continental United States (16). The I-95 Corridor
Coalition also maintains roadway condition and construction information for the states bordering the
Interstate 95 corridor from Maine to Virginia. This information is presented on a detailed map with
each construction project in the area labeled with a corresponding number similar to that in Figure
1(12).
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Southeast Ohio

1997 Major Interstate Construction
SW | NW | B | NE | Conpucton Home Fige

44.1-70 Belmont County

Upgrading 3 miles of pavement beginning 2 miles east of CR 214 to just
east of harion Street in Bridgeport. One lane each direction.

Begins: April 1997 Completion: June 1997

45.1-470 Belmont County

Resutfacing from I-70 to the West Virginia State line. One lane each
direction.

Begins: June 1997 Completion: August 1997

46.1-77 Guernsey County

Traffic maintained with temporary cross-over 1 mile north of the T3 22
interchange. 12' lane restriction. Expect long delays.

Begins: August 1996 Completion: IIay 1997

47.1-70 Muskingum County
Crossover lanes maintained for major rehabilitation from T3 22 to 3R 83,

Expect delays.
Begins: April 1997 Completion: November 1997

48.1-77 Nohle County

One lane maintained each ditection from the 3R 78 interchange for 5
miles south. Rebuilding southbound lanes, resufacing nosthbound
lates.

Begins: April 1957 Completion: June 1992

Figure 1. Example of Online Construction Information.
[http://www.dot.state.oh.us/const/seohio.htm]

Roadway condition and construction information are provided for every state through this site:
e Road Watch America Direct - http://rwa.metronetworks.com/
Traffic Information

Travelers are also interested in traffic information. Seventy percent of both local and long
distance auto travelers from the 1-95 northeast corridor study considered traffic information as
important or very important (10). In 1970, Dudek and Cummings conducted a survey to investigate
driver use of real-time traffic information (12). They found that 47 percent of motorists would
always use real-time traffic information to plan trips and another 38 percent would frequently use
the information to plan trips. Traffic information is also of special interest to potential transit users,
as it is a key factor in their decision to use either transit or automobile. For these reasons, traffic
information is useful and should be provided on a regional traveler information home page.

Currently there are many cities that maintain real-time traffic information home pages. While
almost all these pages contain speed information displayed on a color-coded map, some such as that
of Gary-Chicago-Milwaukee Project contain information on congestion, road construction and road
closures, and even travel time information (13). AccuTraffic, a private transportation information
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agency, also maintains traffic information home pages for 27 different metropolitan areas (14).
AccuTraffic's traffic maps provide incident and congestion information on a citywide map.

Although most real-time traffic information home pages provide information on a specified
metropolitan area, there are a limited number of sources, such as that of the Gary-Chicago-
Milwaukee Project, that provide this information for regional areas. Whether the information
provided on the traffic information page is regional or local in nature, it is helpful to the traveler and
should be linked to the regional traveler information home page.

Some examples of traffic information home pages are shown here:

e Gary-Chicago-Milwaukee Project - http://www.ai.eecs.uic.edu/GCM/CongestionMap.html
*  Houston Real-Time Traffic Map - http://traffic.tamu.edu/traffic.html

e Southern California Traffic Report - http://www.scubed.com/caltrans/transnet.html

e Seattle Traffic Congestion Map - http://www.wsdot.wa.gov/regions/northwest/ NWFLOW/
e AccuTraffic Home Page - http://www.accutraffic.com/

Airport and Flight Information

To the air traveler, the most viable and relevant information is related to the schedules and
delays of flights. More than 70 percent of the air travelers of the 1-95 corridor region considered
information on confirmed schedules, delays, connections, and destination information important
(10). This information should be provided to the air traveler through a regional traveler information
home page.

Almost all of this desired air travel information is available on the internet. Flight delays are
readily available through several different locations, including the Weather Channel's Home Page
(18). American Weather Concepts also maintains a flight tracking service that allows the user to
track any commercial flight across the continental United States. Given the airline, flight number,
and destination number, an up to the minute graphic displaying the plane’s location, destination, and
estimated time of arrival may be displayed (19). There are also multiple travel agencies that
maintain online flight schedules that any user can use quickly and easily. Many airports also
currently maintain home pages that contain a wide range of information including airport maps,
parking information, airlines, terminals, and hotel and car rental information (20).

Some examples of airport and flight information home pages are shown here:

e American Weather Concepts Flyte Trax - http://www.weatherconcepts.com/FlyteTrax/

e The Weather Channel Home Page - http://www.weather.com/twc/homepage.twc

e The Directory of Transportation Resources: Airports and Airlines -
http://dragon.princeton.edu/~dhb/

Transit Information

Since the transit user's ability to make timely trips depends on the transit agency, transit
scheduling information is important. In particular, transit users are interested in gaining information
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related to the schedules, available routes, fares, delays, and estimated time of arrival for the bus or
train (10). All available transit information should be provided to the user through the regional
traveler information home page.

Although not all regions have a transit agency that provides service to the entire region, there
are long distance bus and rail services, such as Greyhound and AmTrak, which provide service on
anational basis. These agencies, as well as most metropolitan transit agencies, maintain home pages
that contain a wide range of information such as schedules, fares, and routes. Ifa transit agency does
not maintain a home page , the agency’s phone number should be provided in place of a link, so that
the user has the option to obtain more information.

Some examples of transit information home pages are shown here:

e AmTrak - http://www.amtrak.com/

e Greyhound Bus Lines - http://www.greyhound.com/

* Riderlink Home Page - http://transit.metrokc.gov/

e Ventura County Transportation Commission Home Page - http://www.goventura.com/

*  Houston Metropolitan Transit Authority Home Page - http://www.hou-metro.harris.tx.us/
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DESIGN GUIDELINES

The way that the information is presented is a very important issue that should be given
special attention. If the information contained within the regional traveler information home page
is not in a useable format, it is useless to the traveler. For this reason, home page design guidelines
will be presented that will insure a useable site that presents information in a consistent and easy to
understand manner.

Organization

The internet user needs to be able to easily navigate through the site to find what they are
looking for. Consequently, it is important to provide a table of contents on the opening page with
links to each subject area (21). It is also important for the user to be able to quickly and easily go
back to this opening page. For this reason, it is a good idea to provide a link to the opening page on
each page within the internet site. If an agency is in the process of adding new contents to the home
page, it is beneficial to show “Under Construction” signs adjacent to the content title to tell the user
that new information will soon be added, but is currently unavailable.

Graphics

On the internet, a picture is worth a thousand words. That is why it takes a thousand times
longer to load them, or at least it seems that way (21). Although the main attraction of many home
pages are the flashy graphics and the promise of multimedia, the value of the page lies in the
accessability of the information that it provides. If it takes too long for these graphics to load on to
the user’s computer, they many times will not wait, and any information that the site provides is
useless. Most internet users would rather use a simple sight that clearly presents the information that
they are looking for than a site that presents flashy graphics that take too long to load (22). If it is
preferred to display a significant amount of graphics, provide a text only format that presents the
same information without the pictures.

Consistency

Another key to keep in mind when designing a home page is to stay consistent. Consistency
should be maintained through the use a site logo, graphical elements, as well as the personality and
style through which the information is presented. This quality will bring the site together and make
it cohesive as a whole. Consistency also makes the maintenance of a site somewhat easier. If a site-
wide theme is maintained, site-wide changes will be easy to make (21).

Feedback

Provide the user a channel of feedback. By providing an e-mail link on the home page, users
can voice their concerns, opinions, and complaints directly to the agency. In this way, feedback is
not only an advantage to the user, but also to the agency. In fact, this is one of the few measures of
effectiveness that an agency has to rate their site. Feedback links should be provided on each page
within the internet site (22).
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Links

It is important that the links which are provided within the home page are meaningful. The
text links within the document should flow well with the rest of the text, such that the page can be
used as a stand alone document even if the links are removed. Many home pages include links by
using the text “click here” instead of a word or phrase that describes the information that is being
linked to. This “click here” syndrome should be avoided at all costs (21).

When creating a web site that includes multiple links that transfers the user to another home
page, a forewarning that informs the user that they are leaving the traveler information home page
and will have to use the “Back” button to return to that home page is helpful. This practice is
currently used on the Go Ventura home page maintained by the Ventura County Transportation
Commission (23).



REGIONAL TRAVELER INFORMATION HOME PAGE TEMPLATE

In order to convert the guidelines into a usable format, a regional traveler information home
page template was created. The generic template, developed following the design and information
guidelines discussed earlier, was created so that it may be used by any regional area. Issues
concerning the information and design guidelines are discussed in the following sections.

Information Content

As seen in Figure 2, the opening page of the regional traveler information home page lists
the six types of necessary traveler information including weather information, maps and directions,
roadway condition and construction information, traffic information, airport and flight information,
and transit information. A “Regional Cities’ Home Pages” information link is also included to
provide the user with additional information on the cities within the region.

REGIONAL TRAVELER
INFORMATION HOME PAGE

WEATHER INFORMATION

MAPS &2 DIRECTIONS

ROADWAY CONDITIONS &
CONSTRUCTION INFORMATION

TRAFFIC INFORMATION

AIRPORT & FLIGHT INFORMATION

BUS &t TRAIN INFORMATION

REGIONAL CITIES' HOME PAGES

Fezse gand comments and suggestions o
“rour E-mail Address

“four Mailing Addess

Figure 2. Opening Page of the Regional Traveler Information Home Page Template.
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When converting the generic template to an actual traveler information home page, the user
would specify links to each of these information types using an internet home page editor. The
weather information, maps and directional information, and roadway condition and construction
information links should be used to connect the user directly to the respective information sources
such as the Weather Channel Home Page for weather information. The other information links
including those for traffic information, airport and flight information, transit information, and
regional cities’ home pages must be linked to nested pages that provide the user additional choices.
For example, the transit information link should be linked to a page that includes the different
regional transit choices, as seen in Figure 3. Furthermore, each transit choice should be linked to
the home page of the respective transit agency.

REGIONAL TRAVELER
INFORMATION HOME PAGE

BUS & TRAIN INFORMATION
TRANSIT AGENCY 1

TRANSIT AGENCY 2
TRANSIT AGENCY 3

TRANSIT AGENCY 4

RETURN TO START

FPlease send comments and suggestions to:
Sour E-Mail Address

Your Mailing Address

Figure 3. Transit Information Page of the Regional Traveler Information Home Page Template.
Template Design

The physical layout of the regional traveler information home page template is very simple
and easy to understand. Organization was established by using a table of contents on the opening
page as shown in Figure 2. The table of contents allows the user to directly link to the necessary
information types. Each page contains the “Regional Traveler Information Home Page” title, the
individual information links, and feedback information. Pages that are nested within a specific
information area also contain the information subtitle, as well as a “Return to Start” link. An
example of this information may be seen in Figure 4.
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REGIONAL TRAVELER
INFORMATION HOME PAGE ~

Title

TRAFFIC INFORMATION

Subtitle

CITY 1

CITY 2

Specific Information Links

RETURN TO START

/]

Flesze send comments and suggestions to: Return to Start Button
Jour E-mail Address

/

our Mailing Address

Feedback Information

Figure 4. Information Display on Regional Traveler Information Home Page.



INTERSTATE-45 CORRIDOR TRAVELER INFORMATION HOME PAGE

To apply the template which was presented in this research report, a regional traveler
information home page was developed for the region along the Interstate 45 (I-45) corridor between
Galveston and Dallas, Texas. This home page is simply a packaging tool that presents the
information that is already maintained on the internet into one site. A summary of the [-45 corridor
characteristics and a discussion of the information content of this home page are given in the
following sections.

Interstate-45 Corridor Characteristics

The I-45 corridor, as defined in this paper, connects Houston and Dallas, the two largest cities
in the state of Texas and two of the ten largest cities in the United States (24). The roadway is 284
miles long with the southern end of the interstate lying in the Texas port city of Galveston, while the
northern end of the corridor merges into U.S. 75 in Dallas. Of the ten worst congestion per capita
cities in the nation, two of them lie on this corridor (25). The cities served by George Bush
Intercontinental Airport and Dallas-Fort Worth International Airport, two of the nations twenty
busiest international airports, are connected by Interstate 45.

Design of the Home Page

The I-45 Corridor Traveler Information Home Page, developed by the author, consists of six
separate pages of traveler information. The opening page of the site, that may be seen in Figure A-1,
consists of a table of contents of the different types of traveler information which is available, as well
as a feedback e-mail link and address information in the case that the user has comments or concerns.
The other five pages of the site contain specific links to information that falls under the different
categories as specified in the table of contents.

Information Links

The Interstate 45 Corridor Traveler Information Home Page links to a broad range of on-line
traveler information for the I-45 corridor region. Each type of information which was found
important was incorporated into the home page. The following sections explain the information that
was included in the page.



Weather Information

The Weather Channel Home Page was used to provide the user with weather information
(18). The “weather information” link from the I-45 Corridor Traveler Information Home Page links
the user directly to the Texas weather information page maintained by the Weather Channel. From
this page, the user may select from any Texas city to get frequent weather updates as well as a
number of informative maps and a five day forecast such as that seen in Figure 5.

WM aainagieelns

Boat and Beach- On Sail Mowe |

Customize “rour

Home Page FORECAST AND CURRENT CONDITIONS
Huntsville, TX current temp: 100°F
Tuesday, Aug S ~ sunny

Home Page last updated 3:16 pm EDOT “% wind: calm

relative humidity: 33%
barometer: 30.03 inches

5-day forecast:

Bresting Niesther last updated 1:.02 pm EOT
U.E. City Forecasts WED THU FRI SAT SUN
R o E R A "
Internationsl . .= 3 .= . .= f'll‘:{( ,;-"‘}_ll‘g(
Cite F e 4 r 4 = g = » v
ity Fonecas y y: y 3??’1% /| é?i? r‘; 1
Mz=ps
scattered scattered scattered partly partly
Ti=vel Conditions tstorms tstorms tstorms cloudy cloudy
hi 957 hi 87° hi 887 hi 937 hi 94
lo 747 lo 70° lo 727 lo74° lo 75°
Boat & Beach

Heatlth and Allegies

Garde ning B fr= 3
PV gilep o ] .
Awistion View Maps local Doopler mdar regional Dopp ke edar regional = te lite

Figure 5. Example of Weather Information.
[http://www.weather.com]
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Maps and Directional Information

If a user needs maps or directions, they can simply click the maps and directions button. This
link will take them directly to the Yahoo! Maps page (26). On this page, the user can obtain a map
of almost any city in the United States including those in the I-45 corridor region, such as that in
Figure 6. This page can also supply the user with turn-by-turn driving directions and accompanying
maps between any two points, given two cities or two addresses. The only constraint is that the cities
must be less than 1000 miles apart.

| by
ﬂﬁ‘f};‘_‘ -
1‘:1
West
m998—199?.'l.-‘icinityCnrp.:Mup 9 4 — 1996 Etak. Inc-y §
. | Small (400x250) South Large (BO0x375) E
= | Zoom Qut4d 3 3 4 3 S 4@ 3 0 0 WZoomn =

Driving Directions | Locate Businesses NeW! | Mew Address | Print Preview | hail a hap |

Click on the map to select a new map center, or on the border to pan in that direction

[ BQuestions, comments and suggestions. | FAQs | Meed Help? |

Figure 6. Example of Online Mapping Information.
[http://maps.yahoo.com/yahoo/]
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Roadway Condition and Construction Information

The roadway condition and construction information for the 1-45 Corridor Traveler
Information Home Page was provided by the Texas Department of Transportation Home Page (27).
This link provides information for all state maintained roadways by highway class. As seen in
Figure 7, a wide variety of information including highway number, condition, beginning and ending
points, direction, delay or detour, county, as well as other information is provided. In the summer
months, most of the information that is provided is related to construction information; in winter
months most of the information that is provided is related to adverse weather conditions such as
snow and ice.

=k

l Texas Department of Transportation

Highway Condition Report for Interstate Highways

LAST UPDATED at Tue Aug 5 15:10:03 1997 CST

Disclaimer | Interstate Highways | US Highways | State Highways | Farm-To-Market | Ranch-To-Market | All
DOthers | Today's Heport | Previous Day's Bepart | TxDOT Districts | YWeather for Selacted Cities |

@ HWY: |H 10 CONDITION: COMSTRUCTION FROM: TURTLE BAYOU TO: TURTLE BAYOU DIRECTION:
Wy DELAY/DETOUR: DELAY COUNTY: CHAMBERS MAP COORD: 22 0 DISTRICT: BEAUMONT REPORT
TIME: 5:11 AM INFO: EXFECT DELAYS. LEFT LAME CLOSED

@ HWY: IH 10 E CONDITION: CONSTREUCTION FROM: LIS 53 TO: LS &9 DIRECTION: E W
DELAY/DETOUR: DEL DET COUNTY: HAREIS MAP COORD: 20,0 DISTRICT: HOUSTON REPORT TIME:
8:05 AM INFO: EAMPS TO LS 88 NORTHEOUND CLOSED, DETOUR TO US 88 SOUTH TO RUNMELS
L-TURM, UNTIL MOVEMBER 1957

Figure 7. Example of Roadway Condition Report from the Texas Department of Transportation.
[http://www.dot.state.tx.us/high1.html]
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Traffic Information

Although no traffic information is available at a regional level for the I-45 corridor region,
real-time traffic information was available for the Houston and Dallas metropolitan areas. For
Houston, the Houston Real-Time Traffic Map, maintained by the TransLink™ Laboratory at the
Texas Transportation Institute was used. Dallas real-time traffic, as seen in Figure 8, was provided
by the AccuTraffic traffic information home page (14,33). Although these sites provide traffic
information in different ways, they both can be used to identify congested areas along the
metropolitan surface transportation network. The “Traffic Information” page of the 1-45 Corridor
Traveler Information Page may be seen in Figure A-2.

3—4" AccuTrarFic”™

Sonrecting tfie ey to tihe Higinesy "

Figure 8. Example of Dallas Real-Time Traffic Map.
[http://www.accutraffic.com/accuinfo/cities/dallas.tx/home.html]



Airport and Flight Information

A broad range of airport and flight information is offered through the 1-45 regional traveler
information home page. With the click of a button, the user can locate information concerning flight
delays, estimated time of arrival and location information on en-route flights (see figure 9), as well
as information on several of the major airports of the region including Dallas-Fort Worth
International Airport, George Bush Intercontinental Airport in Houston, and William P. Hobby
pages of the I-45 Corridor Traveler Information Home Page may be seen in Figures A-4 and A-5,
respectively

Flyte
Comm

Attaching to FLYTE-TRAX sarver..
Attached! Tag received: COA 1531 DEM,..
hlap for, COA 1531 DEM 7
Total bytes read: 4714

DNTINENTAL AIRLINES FLIGHT 1531 ESTIHATED
T0 ARRIVE AT DENVER
IN 0 HRS 57 HIH

Displayed on Tue Aug & 16:43:24 1997 EOT

Figure 9. Sample En-Route Flight Information.
[http://www.weatherconcepts.com/FlyteTrax/]
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Transit Information

The “Transit Information” page, as seen in Figure A-3, of the 1-45 Corridor Traveler
Information Page contains links to all of the relevant transit agencies in the [-45 corridor region.
These include Dallas Area Rapid Transit for Dallas metropolitan area, the Trinity Railway Express
for the area between Dallas and Irving, the Harris County Metropolitan Transit Authority for the city
Greyhound and AmTrak are not conventionally thought of as transit agencies, they do provide an
alternative mode of travel between Houston and Dallas.

Each of these home page links provide vastly different information and to different degrees
of detail. While Houston METRO provides a wide variety of information concerning bus schedules,
route maps and fares, as seen in Figure 10, the Trinity Railway Express site offers only general
information such as service times and important dates. Both the Greyhound and AmTrak home
pages offer a broad range of information on fares, schedules, stops, as well as airport connections.

sLHEUULES AVIAFS S BUS INFURMATION

mg Schedules & Maps
E._ (Effective June 15) Ne ' stored Value Cards
E: R et SkAe T E: Fares, Ridestores

. y P & TicketStops
E: Transit Center Locator E: Bus Detours

m . Ride Todd DeBato
e | The HOV System ‘TG 00 00

m 2 . f METROVan
E—- Bikes on Buses E"’ Rideshare Services

Figure 10. Example of Online Transit Information for Houston METRO.
[http://www.hou-metro.harris.tx.us/]



Regional Cities’ Home Pages

The last information link on the I-45 Traveler Information Home Page is the “Regional Cities
Home Pages” page, which may be seen in Figure A-3. This page contains links to the 12 cities along
the 1-45 corridor that currently maintain home pages. Although the information contained on the

regional cities” home pages varies greatly, almost all pages contain the most basic level of traveler
information including hotels, restaurants, and attractions.
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CONCLUSIONS

There are six primary information needs that should be provided to the traveler through a
regional traveler information home page. These needs include weather information, traffic
information, roadway condition and construction information, maps and directional information, is
transit information, and airport and flight information. Each of these types of information available
on the internet and can be easily integrated into a regional traveler information home page.

There are several design guidelines that should be followed when developing an internet
home page. Several key areas including organization, graphics, consistency, feedback, and links
should be given special attention. If the guidelines which are presented are followed, the
transportation agency will have a regional traveler information home page that will be helpful and
easy to use.

There are four primary cost components that are encountered when developing an internet
home page. These components include development, registration, hosting, and maintenance. The
development component of the home page may be done by either a professional internet marketing
or by an in-house employee that is knowledgeable of the internet. The costs associated with having
the site professionally developed should cost between $1000 and $5000 depending on the
technological content of the site. The registration component includes having the internet address
registered with InterNIC, the only internet registration service. Registration will cost $100 for the
first two years and $50 for each year thereafter. Hosting the site involves having the home page
electronically stored on an internet server so that it will be connected to the rest of the World Wide
Web. This cost ranges between $20 and $40 per month. The maintenance cost depends on the
amount of time that must be spent to adequately maintain the home page as well as who does the
maintenance. While maintenance done by an in-house employee will cost virtually nothing, the cost
of a professional agency ranges between $25 and $75 an hour.

Although almost all necessary regional traveler information is currently maintained on the
internet, there are still some “gaps” that presently remain unfilled. One such “gap” is that of traffic
and incident information in rural areas. One reason why many gaps such as this exist is due to the
fact that the technology is not in place to provide the necessary information to the internet. It is
expected that when this technology becomes available, disseminating the information that it provides
through the internet will occur soon thereafter.

This paper also presented only one of many ways that the information can be displayed to the
user via the World Wide Web. There are certainly many more ways that are more efficient in
providing the user the information they need. One efficient method would allow the user to input
their trip origin and destination, along with the time and date of the trip. With this information, the
computer would display a range of personalized traveler information including a map, weather
forecasts, roadway condition and construction information, and so forth. Although the technology
necessary to do this is currently available, the high cost at which it is available makes it undesirable.
As the technology continues to grow, these costs should decline, and traveler information systems
such as this will become a reality.
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APPENDIX A

The I-45 Corridor Traveler Information Home Page

CORRIDOR TRAVELER
INFORMATION HOME PAGE

I

WEATHER INFORMATION

MAPS &t DIRECTIONS

ROADWAY CONDITIONS et
CONSTRUCTION INFORMATION

TRAFFIC INFORMATION
AIRPORT & FLIGHT INFORMATION
BUS & TRAIN INFORMATION
REGIONAL CITY'S HOME PAGES

Flease send comments and suggestions to:

kfiog ke d@dtisd min.tamu.edu

Tewse ATM Unive ity
410E CE-TT I Tower
College Station, TX 772422125

Figure A-1. Opening Page of the [-45 Corridor Traveler Information Home Page.

ATETA  CORRIDOR TRAVELER
INFORMATION HOME PAGE

TRAFFIC INFORMATION

HOUSTON
DALLAS

m Y
¥} RETURN TO START

Fesse send comments and suggestions to:

kiog ke fettisd min.tamu.edu

Tewas AFM Unive s ity
40E CE-TTI Towar
College Station, TX 772423125

Figure A-2. Traffic Information Page of the [-45 Traveler Information Home Page.
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CORRIDOR TRAVELER
INFORMATION HOME PAGE

AIRPORT & FLIGHT INFORMATION

FLIGHT DELAYS
AIRPORT INFORMATION
FLIGHT TRACKING SERVICE

4T
¥l RETURN TO START

Plsse send comments and suggestions to:

ki ke Ettisdmin tamu.edu

Texze AZLM Univereity
H0E CE-TTI Touwer
Colege Station, TX 7724223125

Figure A-3. Airport and Flight Information Page of the 1-45 Traveler Information Home Page.

Aok CORRIDOR TRAVELER
INFORMATION HOME PAGE

AIRPORT & FLIGHT INFORMATION
AIRPORT INFORMATION

HOUSTON WILLIAM P. HOBBY AIRPORT

HOUSTON INTERCONTINENTAL AIRPORT

DALLAS-FORT WORTH INTERNATIONAL AIRPORT

—
¥ RETURN TO START

Figure A-4. Regional Airports Page of the I-45 Traveler Information Home Page.
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CORRIDOR TRAVELER
INFORMATION HOME PAGE

BUS & TRAIN INFORMATION

AMTRACK: Rail Lines
GREYHOUND: Bus Lines
HOUSTON METRO
DALLAS AREA RAPID TRANSIT

TRINITY RAILWAY EXPRESS

T
¥} RETURN TO START

Flkezse send comments and suggestions to:

I le @Ettisd min. tamu.edu

Temse AZM Un e reiby
410E CE-TTI Tower

Colege Station, TX 778433135

Figure A-5. Bus & Train Information Page of the 1-45 Traveler Information Home Page.

AT  CORRIDOR TRAVELER
INFORMATION HOME PAGE

REGIONAL CITIES* HOME PAGES

Galveston |sland
Houston
Huntswille

La Margue
League City
Spring

Texas City

The YWwoodlands

sy
¥E RETURN TO START

Peate sand comments and suggestions to:
b be Ettisd min tsmu.edu
Texss AGM University
410E CE-TTI Tanar
College Station, TX 778423135

Figure A-6. Regional Cities’ Page of the I-45 Traveler Information Home Page.

F-31



Kendall L. Fogle received his B.S. in Civil Engineering from Texas
A&M University in May 1996, and is currently pursuing his M.S. in
Civil Engineering from Texas A&M University. Kendall has been
employed by the Texas Transportation Institute since 1994 and has
worked as a Graduate Research Assistant since August 1996.
University activities that he is involved in include: Institute of
Transportation Engineers, ITS America, and the American Society
of Civil Engineers. His areas of interest include: transportation
planning, traffic operations, and geometric design.

F-32



KIOSK DEPLOYMENT ISSUES AND GUIDELINES FOR THE
DISSEMINATION OF TRAVELER INFORMATION

by

Aaron M. Hottenstein

Professional Mentors
Marsha Anderson
Street Smarts

and

Ginger Gherardi
Ventura County Transportation Commission

Prepared for
CVEN 677
Advance Surface Transportation Systems

Course Instructor
Conrad L. Dudek, Ph.D., P.E.

Department of Civil Engineering
Texas A&M University
College Station, Texas

August 1997



SUMMARY

A growing number of public agencies in the United States are considering the use of kiosks
as a tool to disseminate traveler information to tourists and commuters. The high cost of kiosks
units, between $8000 and $20,000, and low use rate prompts some concern about the types of
locations chosen for kiosks. The problem of determining locations where kiosks will be the most
effectively used should be primary concern for public agencies.

The objectives of this research were to identify the buildings and location that are ideal for
kiosks, identify barriers to the deployment of kiosks at various locations, examine experiences of
public agencies that have deployed kiosks, and develop guidelines for kiosk deployment that will
allow a public agency to place kiosks at ideal locations.

Six advanced traveler information kiosk projects were examined to determine the site
selection processes used and kiosk use rates with each project. After examining the kiosk projects,
guidelines and a site selection process was developed to aid public agencies in the determination of
kiosk locations. The kiosk projects examined were:

e Travelink, sponsored by the Georgia Department of Transportation

e InfoBang,, ,a U.S. DOT and Texas Department of Transportation sponsored project

e Travlink, a Minnesota Department of Transportation Advanced Traveler information test
e SmartTraveler, a Los Angeles kiosk program used after the Northridge earthquake

e RiderLink, Seattle, Washington

e Traffic Management System of Hampton Roads, Virginia Department of Transportation

The analysis of the kiosk projects showed that kiosk use rates were low and were in the range
of 20 to 50 uses a day. The use of a kiosk site selection process allows kiosk project teams the
ability to justify kiosk locations. After the examination of the six kiosk projects listed above,
deployment guidelines and a site selection process were developed to aid public agencies with the
creation of a kiosk program. The following issues should be considered during the development of
a kiosk system.

e Public-private partnerships,

e Advertising issues on public and private right-of-way,

*  Kiosk design,

*  Power and Communication connections, and

»  Site Selection Process (Geographic Area, Pedestrian Volumes, Kiosk Accessibility, Policy and
Institutional Impacts and Ease of Installation)

The deployment guidelines and the site selection process were applied to a hypothetical
example to illustrate the application of each deployment guideline and the site selection process. A
sample scoring methodology is also provided to illustrate a scoring system that should be used in the
kiosk site selection process.
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