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CHAPTER 1: INTRODUCTION

1.1 BACKGROUND

Recent advances in computing technology are drastically changing every facet of
our lives. The arena of transportation is no exception. Personal cars are now being
equipped with in-vehicle computers and a variety of safety monitoring equipment. Our
roadways are being enhanced with sensing technology and dynamic message signs that
convey real-time information. Our transit vehicles are being outfitted with electronic
fare-collection devicesto allow for more efficient operation. The use of such
applicationsis referred to under the blanket name of Intelligent Transportation Systems,
orITS.

As defined by the United States Department of Transportation (USDOT), the
goals of the ITS program are as follow:

“Increase operational efficiency and capacity of the transportation system;

= Enhance persona mobility and the convenience and comfort of the
transportation system;

= Improve the safety of the nation’ s transportation system;

= Reduce energy consumption and environmental costs;

= Enhance the present and future economic productivity of individuals,
organizations, and the economy as awhole;

= Create an environment in which the development and deployment of ITS can
flourish” (1, p. 1).

ITS incorporate a variety of technologies through a variety of applications. To
better understand what applications fall under the umbrellaof ITS, the Nationa
Architecture’ s User Services can be examined. The Federal Highway Administration
(FHWA) and USDOT developed the National Architecture to provide structure and
uniformity to ITS discussion and deployment. The User Services aspect of the
Architectureis afinite, yet dynamic, listing of servicesthat ITS provide to end users.
The User Services, summarized in Table 1.1, demonstrate, in relatively simple language,
the services ITS can provide.



Table1.1: National Architecture User Services

User Services

Type of Service

Pre-Trip Traveler Information
En-Route Driver Information
Route Guidance

Ride Matching and Reservations
Traveler Service Information
Traffic Control

Incident Management

Travel Demand Management
Emissions Testing and Mitigation
Highway — Rail Intersection
Public Transportation Management
En-Route Transit Information
Personalized Travel Security
Public Travel Security

Electronic Payment Electronic Payment Service

Commercial Vehicle Administrative Process
Automated Roadside Safety Inspection
On-Board Safety Monitoring

Commercial Vehicle Administrative Process
Hazardous Material Incident Response
Commercial Fleet Management
Emergency Notification and Personal
Emergency Management Security

Emergency Vehicle Management
Longitudinal Collision Avoidance

Lateral Collision Avoidance

Intersection Collision Avoidance

Advanced Vehicle Safety Systems Vision Enhancement For Crash Avoidance
Safety Readiness

Pre-Crash Restraint Deployment
Automated Vehicle Operation

Archiving Data Archived Data Function

Source: The National ITS Architecture: A Framework for Integrated Transportation into the 21%
Century, CD-ROM v 3.0, Market Packages (1), pp. 15-16.

Travel and Traffic Management

Public Transportation Management

Commercial Vehicle Operations

Thelist can be described as dynamic because the above User Services are slowly
expanding. As transportation professionals develop innovative ITS, such as those used
for archiving data, new User Services are added to thelist (2).

The research in this report focuses on the implementation of ITS rather than the
benefitsto end users. To that end, another aspect of the National Architecture, the
Market Packages, is presented to provide further background. The Market Packages



provide the link between the User Services and the actual equipment necessary to deploy
ITS. Asdefined by the FHWA, the Market Packages were devel oped to

Address the specific service requirements of traffic managers, transit operators,
travelers, and other ITS stakeholders. To achieve an implementation orientation, the
Market Packages were defined with enough granularity to support the specific benefits
analysis and clear tiesto transportation problems (3, p. 32).

The Market Packages are summarized in Table 1.2. The table organizesthe
Market Packages in the following areas. Advanced Public Transportation Systems
(APTS), Advanced Traveler Information Systems (ATIS), Advanced Traffic
Management Systems (ATMS), Advanced Vehicle Safety Systems (AVSS), Commercial
Vehicle Operations (CVO), Emergency Management (EM), and Archiving Data (AD).



Table 1.2: National Architecture Market Packages

Market Packages

APTS
Advanced Public
Transportation Systems

Transit Vehicle Tracking

Transit Fixed-Route Operations

Demand-Response Transit Operations

Transit Passenger and Fare Management

Transit Security

Transit Maintenance

Multi-Modal Coordination

Transit Traveler Information

ATIS
Advanced Traveler Information
Systems

Broadcast Traveler Information

Interactive Traveler Information

Autonomous Route Guidance

Dynamic Route Guidance

ISP-Based Route Guidance

Integrated Transportation Management/Route Guidance

Yellow Pages and Reservation

Dynamic Ridesharing

In-Vehicle Signing

ATMS
Advanced Traffic Management
Systems

Network Surveillance

Probe Surveillance

Surface Street Control

Freeway Control

HOV Lane Management

Traffic Information Dissemination

Regional Traffic Control

Incident Management System

Traffic Forecast and Demand Management

Electronic Toll Collection

Emissions Monitoring and Management

Virtual TMC and Smart Probe Data

Standard Railroad Grade Crossing

Advanced Railroad Grade Crossing

Railroad Operations Coordination

Parking Facility Management

Reversible Lane Management

Road Weather Information System

Regional Parking Management

AVSS
Advanced Vehicle Safety Systems

Vehicle Safety Monitoring

Driver Safety Monitoring

Longitudinal Safety Warning

Lateral Safety Warning

Intersection Safety Warning

Pre-Crash Restraint Deployment

Driver Visibility Improvement

Advanced Longitudinal Control

Advanced Lateral Control

Intersection Collision Avoidance

Automated Highway System

CVO
Commercial Vehicle Operations

Fleet Administration

Freight Administration

Electronic Clearance

CV Administrative Processes

International Border Electronic Clearance

Weigh-In-Motion

Roadside CVO Safety

On-Board CVO Safety

CVO Fleet Maintenance

HAZMAT Management

EM Emergency Response
Emergency Emergency Routing
Management Mayday Support
AD ITS Data Mart
Archiving ITS Data Warehouse
Data ITS Virtual Data Warehouse

Source: The National ITS Architecture: A Framework for Integrated Transportation into the 21°
Century, CD-ROM v 3.0, Market Packages (1), pp. 15-16.

This report adheres to the language and organization of the National Architecture.

The User Services and Market Packages tables give asmall indication of the
overwhelming amount of new terminology and new technology that transportation



professionals must learn. During the past few years, the ITS program has focused on
research, development, and operational testing. Through the efforts of academics and
other researchers, in coordination with the Intelligent Transportation Society of America
(ITSA), ITS has continually demonstrated the ability to make a positive impact on the
transportation system. As these encouraging results have begun to validate the use of
ITS, the burden of knowledge and adaptation has slowly shifted from researchers to
implementers (4). In many cases, the state departments of transportation (DOTS) have
been handed the challenge of integrating ITS into their existing programs as well as
becoming ITS leaders, or champions, in their regions. The research presented here
provides an assessment of their struggles in approaching these tasks by utilizing a case
study of asingle state DOT.

1.2 PROBLEM STATEMENT

The ITS program in the United States is currently making the transition from
research and testing to regional deployment. In many regions, the state DOT has been
assigned the task of implementing many of these technologies. This research provides a
summary of how these systems are being planned, designed, constructed, operated and
maintained, and evaluated throughout one state DOT. Best practices are identified and
nationally recommended practices are highlighted. Additionally, Problem Definitions of
Lessons Learned are developed in each of these areas (planning, design, construction,
operations and maintenance, and evaluation).

1.3 METHODOLOGY

The state of Texas is the case study for thisresearch. The state is segmented into
twenty-five Texas Department of Transportation (TXDOT) districts, each of whichis
responsible for ITS deployment in its region.

The primary information-gathering tool was a survey that was distributed to each
of the TXDOT districts. The survey was dispersed primarily to the engineersin each
region during the last few months of 1999 and the first few months of 2000. Additional
information was obtained from phone interviews with the surveyed individuals.

14 CHAPTER SUMMARIES

Chapter 2 provides a brief summary of ITS deployment in Texas to establish the
context of TXxDOT’ s methodologies and struggles. All twenty-five TXDOT districts
programs and current and planned deployment are summarized.

Chapter 3 highlights the practices and struggles of the DOT districtsin the areas
of planning, design, construction, operations and maintenance, and evaluation. Best
practices within the state are identified, and the practices of other state DOTs and
recommended practices from academic and USDOT-sponsored literature are included in
the discussion. This chapter also formulates a concise listing of Lessons Learned and
Problem Definitions for key issues.

The fourth and final chapter provides a summary and conclusions.






CHAPTER 2: ITSIN TEXAS-SUMMARY OF PLANS, PROGRAMS, AND
DEPLOYMENTS

The purpose of this chapter isto provide a basic understanding of the level of ITS
deployment in Texas as a means of building a context for the discussion to follow in
Chapter 3. This chapter presents a broad overview, rather than a detailed account, of ITS
deployment in Texas. The authors intend this overview to help the reader understand the
state’s general ITS environment. The summary focuses on DOT deployments, but transit
and city-deployed ITS are also mentioned. The information gathered for this chapter was
obtained from published resources as well as through asurvey (ITS Inventory Survey)
distributed to DOT personnel. The survey (see Appendix A for acomplete survey) is
described in greater detail in Chapter 3.

2.1 GENERAL OVERVIEW OF ITSIN TEXAS

The state of Texas offers a diverse transportation environment richin ITS
application opportunities. The state boasts six large, metropolitan areasin Austin, Dallas,
El Paso, Fort Worth, Houston, and San Antonio. In addition, the state has extensive port
operations along the Gulf of Mexico, which include the Ports of Houston, Beaumont,
Brownsville, Port Arthur, Galveston, and Corpus Christi—some of the largest ports, in
terms of tonnage, in the United States (5). Also, the state shares along international
border with the Republic of Mexico and is amajor thoroughfare for commercial vehicle
traffic both heading north-south and east-west through, and destined for, Texas.

Within the TxDOT district structure, the majority of TXDOT districts house only
one major city. For example, each of the six metropolitan areas mentioned previously
has its own district by the same name. From this point forward, such names will be used
in reference to the TXDOT districts rather than the cities themselves. Figure 2.1 shows
the state segmented into TXDOT districts.
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Figure 2.1: Texas Segmented into TXDOT Districts

Source: TXDOT Web Site (6)



The current state of ITS deployment in Texas is as diverse as the state itself. The
district of San Antonio recently completed a federally funded Model Deployment
Initiative (MDI), which provided the district with a mature traffic management center
(TMC) aswell asahost of other services. The Houston District dlsohasaTMCin a
permanent facility, and the districts of Fort Worth, Dallas, El Paso, and Austin have
TMCsin various phases of development (7). In total, these six metropolitan areas have
freeway management systems (FMS) covering 270 miles of highway with an additional
165 miles under construction. At a minimum, these systems perform incident detection
and management and area-wide control and surveillance, as well as collecting data and
disseminating traveler information. In terms of monetary expenditures, TxDOT allocated
about $50 million in ITS projects during the 1999 fiscal year (7, 8).

In addition to freeway management, Texas also has amyriad of other ITS
activities. Such programs as weather monitoring systems, international border
operations, closed-circuit television (CCTV) surveillance in remote areas, rural traveler
information, and a host of commercial vehicle operations (CVO) programs are underway
across Texas (8).

The remainder of this chapter will summarize ITS activity in each TXxDOT
district. Thedistricts (listed below with their TXDOT abbreviation for reference with
Figure 2.1) will be separated into four different categories, namely: Metro, Border, Port,
and Rural. The Metro districts will include the six metropolitan areasin Texas of Austin
(AUYS), Dallas (DAL), Fort Worth (FTW), El Paso (ELP), Houston (HOU), and San
Antonio (SAT). The Border districts will include those regions sharing an international
border with Mexico and include Odessa (ODA), Pharr (PHR), and Laredo (LRD) (El
Paso is also a border district but will be placed in the Metro category). The Port districts
will include those regions having awater border on the Gulf of Mexico and will include
Corpus Christi (CRP), Yoakum (YKM), and Beaumont (BMT). Finally, the remaining
districts will be lumped together in the Rural category. These districts include Abilene
(ABL), Amarillo (AMA), Atlanta (ATL), Brownwood (BWD), Bryan (BRY), Childress
(CHS), Lubbock (LBB), Lufkin (LFK), Paris (PAR), San Angelo (SJT), Tyler (TYL),
Waco (WAC), and WichitaFalls (WFS).

2.2  Summary of Activity in Metro Districts

As mentioned previously, the Metro category will hold the districts commonly
referred to asthe “Big Six,” namely Austin, Dallas, El Paso, Fort Worth, Houston, and
San Antonio. Asameans of providing background information for these districts, their
population, daily vehicle miles, and aggregate number of vehicles are shown in Table 2.1.



Table2.1: Metro Districts Characteristics

District Population* Daily Vehicle Miles* Vehicles®
Austin 1,211,461 26,026,270 971,792
Dallas 3,168,531 54,069,261 2,611,811
El Paso 719,889 10,567,193 432,608
Fort Worth 1,718,342 34,370,123 1,517,305
Houston 4,348,125 69,807,275 3,441,359
San Antonio 1,737,051 32,137,819 1,375,133

T — 1999 estimates, “ — Data collected from 9/97 to 8/98
Source: Texas Department of Transportation (6)

The National Architecture’s Market Packages segment I TS deployment into the
following seven general categories: Advanced Public Transportation Systems (APTS),
Advanced Traveler Information Systems (ATIS), Advanced Traffic Management
Systems (ATMS), Advanced Vehicle Safety Systems (AVSS), Commercia Vehicle
Operations (CVO), Emergency Management (EM), and Archiving Data (AD). This
report will summarize ITS programs within Texas in these general categories, placing an
emphasison ATMS and ATIS, as those areas have traditionally been deployed by the
state DOT.

2.2.1 Advanced Traffic Management Systems (ATMYS)

The areaof ATMS covers such ITS as freeway surveillance and control, incident
management, electronic toll collection, railroad operations, parking facility management,
and road weather information; atotal of nineteen Market Packages make up the ATMS
category (1). ATMS has stepped to the forefront in Texas as the western cities' ample
freeways and lack of developed transit systems comprise an ideal environment for the use
of such operating systems. The six Metro districts al have FMS and al have TMCs
operating in either permanent or interim facilities. Table 2.2 summarizes the types of
TMC operations and gives the moniker of each district TMC.



Table2.2: Metro Districts’ Traffic Management Centers

N Program .
District Nzgme TMC Structure Details
Austin None Central Center Opening date scheduled for
(planned) 2001
Dallas DalTrans Ce(nptlr;"irirg:eedr;ter TMC to link with TransVISION
Central Center . . .
El Paso TransVista (operational summer Worksftano_ns will be pr:)wded
2000) or city personne
Central Center
Fort Worth TransVISION (operational Summer | 36,000 sq. ft facility currently
2000), six satellite under construction
buildings
Central Center .
Houston TranStar (operational), satellite $14 mHhofr;,Cﬁiétl ,000 sq. ft
buildings y
San Antonio TransGuide Central Center Model Deployment Initiative
(operational) Project

Sources: Compiled from (8), (9), (10), (11), (12), (13)

As expected, the various regions have different levels of currently deployed FMS
infrastructure. All the Metro districts, however, utilize fiber optic communications,
cameras, and dynamic message signs (DMS) to monitor and manage their highway
networks. Table 2.3 shows an inventory of these technologies in the Metro districts. For
maps and graphics of the FMSin the Metro districts, please refer to Appendix B:
Freeway Management System Coverage Graphics.

10
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Table 2.3: Metro Districts FM S Infrastructure Summary

District Cameras Dynamic Lane Control Notes
Message Signs Signals
Austin® 1 ISDN, Zggir;tr;ng, 53 heads @15 Infrastructure currently in place
25 Analog 9 stations on US 183 and IH 35
procured
42 CCTV, 16 operating, None, requested Video detection currently used,
Dallas? 28 under 18 more funding for 20 185 mile loop detector project is
construction planned miles of LCS underway
El Paso? 34 CCTV, ;ﬁg%iggg% d 163 heads @ 49 Infrastructure in place along
20 more planned stations IH 10, US 54, and LP 375
by 2002
40 CCTV,
Fort Worth? 14 Compressed 50 operating 244 heads System is 47% complete
Video
Houston? 194 CCTV, 77 operating, 40 heads @ 10 Extensive AVI* system covering

40 more planned

56 to be added

stations planned

227 miles of freeway

San Antonio*?

100 CCTV on
freeways, 3 at RR
crossings, 4 at
Alamodome

139 operating

687 heads @
180 stations

98 miles under AVI control and
63 miles under freeway control

'_ As of 6/11/99, Source: (10) % _ Source: (8) % _ Source: (13) * — Advanced Vehicle Identification




In addition to FMS, different ATMS strategies have emerged in particular
districts. A summary of such applications, as they correlate to the ATMS Market
Packages, is provided in Table 2.4. Asthe names of the Market Packages often do not
clearly convey the types of technology they incorporate, a brief description is given for
each Package. It should be noted that some of these applications, such as “ Surface Street
Control,” are operated by cities within each district, rather than by the DOT.

12



Table2.4: Metro Districts ATM S Applications

. El Fort San
Market Packages Austin | Dallas Paso | Worth Houston Antonio

Network Surveillance u u (] (] (] u
Traffic detectors, environmental sensors, and other surveillance equipment to feed data to TMC

Probe Surveillance | | | | | n | =
Communication between vehicle and service provider or vehicle and roadway

Surface Street Control | [ | [ | | (] | (] | [
Traffic control systems to monitor and manage surface street traffic

Freeway Control | ] | ] | u | u | u | ]
Ramp control, lane control, and interchange control on freeways

HOV Lane Management | | [ ] | | | [ |

Coordinating freeway ramp meters and connector signals with HOV lane usage; HOV enforcement

Traffic Information

Dissemination " " " " " "

Ability to disseminate information from TMC to a variety of outlets (media, emergency management, etc.)

Regional Traffic Control | | u | | ] |
Integrating surface street control and freeway management, linking TMC
Incident ManagementSystem | w [ w [ = [ w ] . | =

Managing the network when incidents occur with expected or unexpected events

Traffic Forecast and Demand

Management
Algorithms, processing, and mass storage capabilities to support real-time assessment and forecasting
Electronic Toll Collection | I | .

Collecting tolls and identifying violators automatically

Emissions Monitoring and
Management

Sensors to collect and monitor air quality for individual vehicles

Virtual TMC and Smart Probe
Data

Distributed TMC over a wide area (statewide or multi-state), and using vehicles to probe network

Standard Railroad Grade

Crossing " " " " " "
Signs or flashing lights
Advanced Railroad Grade -

Crossing

Information regarding train’s arrival passed along to the driver

Railroad Operations
Coordination

Strategic coordination with rail operations

Parking Facility Management | | | | | |

Enhanced monitoring and management of parking, including electronic fare and communication

Reversible Lane Management | | ] | | | u |

Sensory functions that detect wrong-way vehicles and other surveillance capabilities

Road Weather Information

System " "

Information is monitored and analyzed to detect and forecast ice, fog, or other severe weather

Regional Parking Information | | | | | |

Parking facility management on a regional level

Source: Adapted from The National ITS Architecture: A Framework for Integrated Transportation
into the 21% Century, CD-ROM v 3.0, Market Packages (1), pp. 15-16; also (7), (8), (9), (10),

(11), (14), (15).

Often, the Market Packages do not capture the richness and contrast of many ITS
applications. Two applications can be summarized by one Market Package, but can be
accomplished with dightly different tools. For example, different detection methods
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(loop, video, acoustic) and different cameratypes (CCTV, compressed video) can satisfy
the same “Network Surveillance” Market Package. Asaresult, some of the more
interesting methods used for ATMS will be discussed in greater detail.

In the area of incident management, the districts of Austin, Dallas, Fort Worth,
and Houston operate courtesy patrol programs. These programs involve DOT personnel
traveling along freeways assisting disabled vehicles and providing on-site traffic control
during incidents. The programs have been very successful in building better relations
with the traveling public (7).

In addition, the districts of Dallas, Fort Worth, Houston, and San Antonio all
utilize ramp metering (16). The San Antonio District monitors pump stations to warn
motorists of flooding on the freeways, El Paso is currently planning to deploy such a
system (17).

While the great mgjority of ITS activity occurs at, and is the responsibility of, the
individual district, TXDOT does support various aspects of TS deployment at the state
level. The primary means of such support comes through the TxDOT Traffic Operations
Division (TRF) in Austin, which has contracted both Southwest Research Institute
(SwRI) and Lockheed-Martin (L-M) to assist in systems integration at the statewide
level. SWRI has been contracted to act as the statewide ITS systemsintegrator. In this
position, SwRI assists all the TxDOT districts (but primarily the Metro districts) in
devel oping software, managing communication infrastructure, developing ITS
architectures, and any other issues dealing with software integration.

Lockheed-Martin has worked extensively in Houston (TranStar) and Fort Worth
(TransVISION) over the past few years developing these cities TMC software packages.
L-M isnow helping the Austin and El Paso Districts incorporate the software devel oped
for TransVISION into their systems. The goal isto develop software components that
can then be transferred easily to new TMCs. L-M also supports other systems integration
work in Austin, Houston, Fort Worth, and El Paso.

In addition to utilizing SWRI and L-M, TxDOT’s Traffic Operations Division
(TRF) also assists statewide ITS deployment internally. The TRF group has developed
ATMS software, which currently runsthe TMCsin Austin and El Paso. This softwareis
continually being updated and will be used to operate future TMCsin less-popul ated
districts like Laredo and Amarillo. Innovations such as allowing portable DMS and
CCTV cameras to communicate with the TM C are being incorporated into the software.

2.2.2 Advanced Traveler Information Systems (ATIS)

The ATIS Market Packages aim to provide timely information to travelers to help
them make informed decisions. Such decisions may involve changing routes, changing
modes, or deciding not to make the trip. Whereas ATMS alows traffic managers to
gather information and more efficiently operate the transportation network, ATIS alows
travelers to receive such information and make their own decisions.

Within the Metro districts, traveler information is being disseminated in avariety
of ways, ranging from highway advisory radio (HAR) to sophisticated Web sites. In
genera, most districts have media agreements that allow local news stationsto utilize
images from the district’ s surveillance cameras for newscasts and Web site usage (7).
The districts of Houston and San Antonio have comprehensive Web sites, while Austin
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provides still images from cameras on a news station’s Web site (12, 13). Fort Worth and
Dallas are developing ajoint Web site, which will provide traffic information for both
districts (8). Table 2.5 summarizesthe ATIS Market Packages currently deployed in the
Metro districts. Please note that afew of these Packages, such as “In-Vehicle Signing,”
are driven by the private sector, and the DOT has limited ability to encourage such
deployment. However, the DOT does have the ability to deploy these technologies with
its service vehicles or coordinate deployment with police or emergency vehicles. Such a
strategy is used by San Antonio with in-vehicle signing technology (18).
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Table2.5: Metro Districts ATIS Applications

) El Fort San
Market Packages Austin | Dallas Paso | Worth Houston Antonio
Broadcast Traveler
™ n ] | ] L]

Information

Near real-time dissemination of all types of traffic, transit, weather, and parking information

Interactive Traveler

. n n
Information

Request/response systems for all types of information, through any type of info. provider

Autonomous Route

guidance " " " " " "

Route guidance based on static, stored information, market-driven (Mapquest)

Dynamic Route Guidance [ ] [ ]

Same as above, using dynamic information for route guidance purposes

ISP-Based Route Guidance n n

Dynamic information obtained through an information service provider.

Integrated Transportation
Management/Route
Guidance

Allows TMC to continuously optimize control strategies using real-time information

Yellow Pages and
Reservations

Making Yellow Pages available to driver

Dynamic Ridesharing [

Ride-matching capability

In-Vehicle Signing [

Providing information inside the vehicle

Source: Adapted from The National ITS Architecture: A Framework for Integrated Transportation
into the 21% Century, CD-ROM v 3.0, Market Packages (1), pp. 15-16; also (7), (8), (9), (10),
(11), (14), (15).

Again, afew of the moreinteresting ATIS programs will be discussed further, as
the Market Packages often fail to capture the unique nature of many applications. In the
area of “Interactive Traveler Information,” the districts of Houston and San Antonio offer
comprehensive Web sites, which provide awealth of information including speed maps,
travel times, incident maps, and route-building options (12, 13). San Antonio, as part of
the MDI, has placed several information kiosks at transit stops, shopping malls, and
universities, where travel ers can obtain information and even print maps and narrative
directions (18). Inthe area of “Dynamic Ridesharing,” the Houston District is
experimenting with a Smart Commuter program. This program attemptsto lure single-
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occupancy-vehicle users into carpools by offering a ridesharing program, which searches
for ideal carpooling matches (14).

2.2.3 Advanced Public Transportation Systems (APTS)

Although DOTs are not directly responsible for APTS applications, a summary of
APTS will be provided here. A further discussion of the DOT’ srole in encouraging
APTS deployment by the local transit agency and building toward an integrated system is
provided in Chapter 3 of this report.

The general goal of APTS isto improve the overall level of transit service and to
make transit operating agencies more efficient and cost-effective. Along these lines,
typical APTS applications include tools to monitor transit vehicles for security and
mai ntenance purposes, to provide timely information to transit users, and to facilitate
guicker and more convenient fare collection (1). Table 2.6 summarizes APTS Market
Package deployment within TXDOT’ s Metro districts.
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Table 2.6: Metro Districts Transit Agenciesand APTS Applications

DISTRICT (TRANSIT AGENCY)

. El Fort San
Market Packages Austin | Dallas Paso | Worth Houston Antonio
Capital Sun
Metro DART Metro The T METRO VIA
Transit Vehicle Tracking [ ] [ ] ] ]
Track vehicle for schedule adherence to update schedule in real time

Transit Fixed-Route
Operations

Performs driver assignment/monitoring and schedules fixed-route services automatically

Demand Responsive Transit
Operations

Automatic driver assignment and monitoring and vehicle routing and scheduling (CAD)

Transit Passenger and Fare
Management

Management of passenger loa

ding and f

are payment on-board electronically

Transit Security

On-board as well as public are

a monitoring

Transit Maintenance

Automatic maintenance and scheduling monitoring

; on-board sensors

Multi-Modal Coordination

Intermodal coordination betwe

en transit and traffic agencies

Transit Traveler Information

Information at transit stops and on-board transit vehicles

Source: Adapted from The National ITS Architecture: A Framework for Integrated Transportation
into the 21* Century, CD-ROM v 3.0, Market Packages (1), pp. 15-16 also: (8), (15), (19), (20),

(21), (22), (23).

Some of the more interesting APTS applications are currently being used in
Dallas. Thelight rail system in Dallasis coordinated by a TMC-like control center,
which monitors and dispatches vehicles. Also, computer aided dispatch (CAD) programs
buttress para-transit and fixed-route services. The fixed-route buses have the ability to,
time permitting, deviate from their route to pick someone up, typically a para-transit user.
This program allows the para-transit service to interact more effectively with fixed-route

operations, and it increases para-transit’ s overall efficiency (20).
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2.2.4 Commercial Vehicle Operations (CVO), Emergency Management (EM), and
Archiving Data (AD)

The area of Advanced Vehicle Safety Systems (AV SS) will not be covered in this
section as those deployments are largely driven by the private sector, mainly automobile
manufacturers. TXDOT has not been involved in the few areas, such as the building of
automated highway systems infrastructure, where the local public sector can play arole.
As aresult, the remainder of the Metro discussion will focus on the relatively few
deploymentsin the areas of CVO, EM, and AD.

In the area of CVO, El Paso is a participant in the U.S. Treasury North American
Trade Automation Prototype (NATAP) demonstration project. The goal of thisproject is
to utilize on-vehicle safety monitoring, cargo security devices, and Commercia Vehicle
Information Systems and Networks (CVISN) messaging to develop a seamless
international border. The project will assist daily commuters as well as commercial
vehicle operators. On a statewide level, a strategic plan outlining possible ITS
applications along IH-10, from New Orleans to San Antonio, has been developed. The
plan focuses on “intermodal freight movement at strategic ports, efficiency of freight
movement through the corridor, and rural ITS safety applications.” (15, p. 494)

In the area of EM, the San Antonio District is stepping to the forefront with its
LifeLink program. LifeLink alows for video conferencing between ambulance
personnel and doctors at the nearby hospital. Video images of the entire patient allow
doctorsto assist ambulance personnel and better prepare the awaiting hospital for the
arriving patient (18).

San Antonio and Houston are moving forward in the area of AD. In San Antonio,
all gathered data are archived and made available to the public and research institutions.
Currently, the Texas Transportation Institute (TTI) receives real-time data through the
Internet (8). TTI aso hasapresencein TranStar in Houston, where it assistsin
maintaining the TranStar Web site and collects and manages |arge amounts of data.
These data have been used extensively in research efforts (8).

2.3 SUMMARY OF ACTIVITY IN BORDER DISTRICTS

Activity along the international border between the United States and Mexico is
an important aspect of the Texas transportation system. Four TxDOT districts, El Paso
(ELP), Laredo (LRD), Odessa (ODA), and Pharr (PHR), make up this international
border (see Figure 2.2). Since the El Paso District was discussed in the Metro section,
the districts of Laredo and Pharr are discussed here. The Odessa District currently has no
ITS applications and is not planning to have any in the future.
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Figure 2.2: TXDOT Districts Located along the International Border with Mexico

Source: Adapted from TXDOT Web Ste (6)

Tables 2.7 and 2.8 summarize the types of activity currently underway in Laredo
and Pharr. General information about the districtsis also provided in the tables.
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Table2.7: Laredo District ITS Summary

District = Laredo (LRD)
= The United States’ busiest inland port, projected 21 million
vehicles to cross in 2000;
Background = The cities of Laredo and Del Rio make up the majority of
the district’'s 350,000 residents.
= Planning a regional architecture for the areas of Laredo,
Del Rio, and Rio Grande Valley;
= Linked TMCs planned for the cities of Laredo (dubbed
ITS Program TransGateway) and Del Rio;
= Focus will be on commercial vehicle operations as well as
flood-sensing, incident management, and signal
pre-emption.
Operational = TRIBEX and NATAP operational tests (similar to El Paso)
Tests on Columbia-Solidarity Bridge.

Sources: (6), (8), (14), (15)
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Table2.8: Pharr District ITS Summary

District Pharr (PHR)

= Pharr is located at the southern tip of Texas and is home to
Background nearly 1 million residents. The city of Brownsville is located

in the district.

ITS Program =  Currently developing a regional ITS plan.

= Small freeway management system on US 83 utilizing a
CCTV and DMS;

= Testing detectors (loop, infrared, acoustic) with TTl in an

Operational attempt to classify vehicles in order to award heavy trucks

Tests signal pre-emption to extend pavement life;

= Utilizing a weather monitoring system to warn causeway
bridge crossers of brown pelican’s (endangered species)

presence.

Sources: (6), (7), (8), (14).

24 SUMMARY OF ACTIVITY IN PORT DISTRICTS

Another diverse aspect of the Texas transportation system is Texas' Gulf Coast.
Five districts are located along the Gulf of Mexico and include Pharr (PHR), Corpus
Christi (CRP), Y oakum (YKM), Houston (HOU), and Beaumont (BMT) (see Figure 2.3).
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Figure 2.3: TxDOT Districts Located on the Gulf of Mexico
Source: Adapted from TXDOT Web Ste (5)
Of these districts, Houston was discussed in the Metro section and Pharr in the
Border section. In addition, the districts of Y oakum and Beaumont reported no ITS

activity in their regions. Asaresult, the district of Corpus Christi (Table2.9) is
summarized in this section in amanner similar to the summaries of Laredo and Pharr.
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Table2.9: Corpus Christi District Summary

District = Corpus Christi (CRP)
= Population of near 550,000, popular tourist destination as
Background well as a large port city.
= Developing a regional plan, which has been dubbed a
regional ITS vision;
= This vision will form an ITS steering committee (with
TxDOT personnel involved) that will work with the city of
Corpus Christi;
ITS Program = The goal will be to further develop pilot programs and to
keep an urban and rural emphasis;
= Long-term goal is to use FMS to expedite hurricane
evacuation procedures;
= The steering committee hopes to build a virtual FMS.
=  Currently experimenting with DMS and cameras and trying
to build basis for virtual FMS;
Operational = Also using video detection and HAR;
Tests = APTS: Testing an Automated Dial-A-Ride (ADART)
system, which automatically schedules pickup and provides
transit driver with directions.

Sources: (6), (8)

25 SUMMARY OF ACTIVITY IN RURAL DISTRICTS

The remaining TxDOT districts are classified as Rural. Although FM'S and other
urban applications often dominate discussions regarding ITS, the rural field has come
into itsown in recent years. In essence, Rura ITSinvolve using ITS technologiesin a
rural setting.

In Texas, very littlerural 1TS activity is currently underway. The one exception
to this general rule isthe district of Amarillo, located in the northernmost panhandle
section of Texas. Asaresult, thisreport will provide first atable (Table 2.10) detailing
the activity in Amarillo, and then atable (Table 2.11) discussing the results of the ITS
Inventory Survey asit pertainsto the rest of the Rural districts.
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Table 2.10: Amarillo District Summary

District = Amarillo (AMA)
= Population of near 350,000 and located on the panhandle
of Texas;
Background = Region often experiences extreme weather events such as
ice, snow, and tornadoes.
= Currently in the planning stage;
= District plans to bring DMS, cameras, and a small TMC;
= Initial goal of the program is to better communicate sudden
ITS Program changes in weather to travelers;
= Long-term plans will bring incident management to the
urban sections of the city of Amarillo.
_I(?:Seirsational = None at this time.

Sources: (6), (8)
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Table2.11: Rural District Summary

District ITS Activity
Abilene = Limited use of video detection;
Atlanta = Video detection, desire for greater use of ITS in future years;
Brownwood = NolITS;
Bryan = No ITS,_hopg to bring rural .applications and rail/signal
applications in future years;
Childress = NolITS;
Lubbock *= Did not respond to survey;
Lufkin = NolITS;
Paris = NoITS;
San Angelo *= Video detection;
Tyler = Using DMS in coordination with Dallas District;
Waco = NolITS;
Wichita Falls = NoITS.
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CHAPTER 3: DEPLOYMENT PROCESSES AND BARRIERS

The purpose of this chapter isto provide insight to the deployment processes at
the district level within TxDOT. The methods of and challenges to planning, designing,
constructing, operating and maintaining, and evaluating ITS are discussed. The basisfor
the discussion is a survey distributed to each of the twenty-five TXDOT districts during
the winter of 1999-2000. These surveys were often followed up with telephone
interviews.

The survey (see Appendix A for acomplete survey) was separated into seven
major sections, namely the following:

= Planning;

= Design;

= Construction,

= Evaluation;

= Barriersto Success;

= Cost;

= Existing and Planned Deployment Inventory; and
= Assistance.

The Planning portion of the survey inquires about how ITSis planned in the
TxDOT districts. Questions regarding personnel and documents used for planning
activitiesareincluded. The purpose of this section is to better understand the extent and
process of planning activitiesin each district.

The Design section has a structure similar to the Planning section. Questions
inquire about who designs the systems (in-house or through outsourcing) and to what
extent vendors have been influential in the process.

The Construction section inquires about construction, procurement, and
inspection procedures and issues.

The Evaluation section asks how individual components and compl ete systems
are evaluated. Furthermore, this section requests that any documents or reports regarding
evaluation be forwarded to the researchers.

The Barriers to Success portion inquires about specific issuesin all areasof ITS
deployment. This section is segmented into the areas of planning, design, construction,
operations, maintenance, evaluation, and resources, and asks district personnel to respond
to statements about their ITS programs. A typical statement in the planning sectionis®A
lack of long-term goals has not allowed for a clear vision of deployment.” The districts
then labeled this statement as“A Maor Concern,” “A Concern,” or “Not a Concern” with
regard to their ITS programs. In addition to this classification, the respondents were
asked to provide strategies for overcoming these issues.
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The Cost and Existing and Planned Deployment Inventory sections ask the
respondents to forward any cost information or inventory maps or lists.

Finally, the Assistance portion asks the respondents to discuss what types of
information sharing would be most beneficia to their efforts and asks them how they see
the ITS programsin their region developing in future years.

This chapter uses these responses to compare and contrast the districts' methods
with one another and with the recommended practices of academic and USDOT-
sponsored literature. Best practices are identified from this analysis.

Following the discussion of the deployment practices, a section is devoted to the
Lessons Learned and Problem Definitions. This section will first highlight the key areas
in which the districts have worked through major obstacles (Lessons Learned) and then
develop clear Problem Definitions that outline areas where the districts are il
struggling. The content of these sectionsis, again, based on the survey and telephone
interviews.

The chapter is organized in amanner similar to Chapter 2. The TXDOT districts
are separated into Metro, Border, Port, and Rural categories to better facilitate discussion.

3.1 METRO DISTRICTS |SSUES, RECOMMENDED AND BEST PRACTICES

The TxDOT Metro Districts include Austin, Dallas, El Paso, Fort Worth,
Houston, and San Antonio. Within the Metro district’ s grouping, the following discussion
isdivided into the areas of planning, design, construction, operations and maintenance,
and evaluation.

3.1.1 Planning Issues

The ITS early-deployment planning (EDP) process has emerged as a crucial and
relatively standard practice. Regional and statewide planning efforts across the country
have been developed over the last decade, and many adhere to asimilar format. The
USDOT recommends working through the following procedure:

»  What do we want to do?
o Involve stakeholders/ players;

0 Agree on operations and management goals,
0 Inventory existing conditions.
= How dowedoit?
0 Stakeholders/ playersinvolved;
0 Develop regional framework;
0 Define operational requirements.
= How do we make it happen?

o0 Part of transportation plan and transportation improvement program;
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0 Agreeon regional technologies/ responsibilities (24, pp. 3-1, 3-2).

On the national level, the Oregon ITS Strategic Plan 1997 — 2017 (3), developed
in October 1998, does the best job of illustrating this process while adhering to the
National Architecture and isagood resource.

While the primary purpose of the planning processisto provide a solid vision and
plan for deployment, other benefits gained from the process are often even more
valuable. InaUSDOT-sponsored report entitled Discussion of Cross-Cutting Issues (4),
the benefits of bringing together various stakeholders are lauded. The paper reads,

Theregiona planning process serves as a catalyst for getting jurisdictions to work
together and is an effective tool for promoting continued interaction. It helps
participants understand the ITS program, serves as the first opportunity by many
to become aware of and involved with ITS, keeps representatives informed of ITS
activities of other agencies, and keeps the need for integration present among
representatives (4, p. 8).

The Discussion of Cross-Cutting Issues report is not alone in making this
assessment. Many USDOT-sponsored efforts cite the planning process as a crucial first
step in establishing inter-agency cooperation and developing afully integrated ITS
program (25, 26).

Of the six Metro districts within TXDOT, Austin, Dallas, El Paso, and Fort Worth
have formal, regional plans, while Houston and San Antonio do not. Table 3.1
summari zes these plans and comments on the effectiveness of the plansin regard to the
ITS planning process. The effectivenessis based on survey questions that inquired about
how the district felt about to the long-term planning process and the relationships it has
formed with the MPO and other organizations involved in ITS planning.
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Table 3.1: Summary of Metro Districts | TS Planning Documents

District Planning Document Date | Consultant Effectiveness
Austin Area-Wide IVHS Plan Feb CTR, Low, document failed to provide guiding
Austin and IH-35 Corridor . Wilbur vision or build solid relationship with transit
1998 X
Deployment Plan Smith agency.
Dallas Area-Wide Intelligent July 2 High, survey responses indicated no
Dallas ' TTI ;
Transportation Systems Plan | 1996 concern over long-term planning.
Low — Medium, document established a
. Dec. | None (DOT solid vision but quickly became outdated
El Paso El Paso Regional ITS Plan 1998 and city) from a technology point of view and failed
to build relationship with transit agency.
Fort Worth Regional | ., concern over longi erm planning and
Fort Worth Intelligent Transportation . TTI 9 'P ng
1999 expressed great confidence in the
Systems Plan
document.
Houston No Document
San Antonio No Document

! _ Center for Transportation Research at The University of Texas at Austin, 2_Texas Transportation Institute

Sources: (14), (27), (28), (29).




Houston does not have aformal planning document and is concerned about its
lack of vision. Houston personnel have, in the past, utilized consultants during the
planning process for individual projects, and they think more time should have been
devoted to planning in general. The Houston District heavily involved city, county, and
transit agency personnel in the entire TranStar process. This multi-agency approach
allowed for solid working rel ationships among the various groups.

The San Antonio District uses system architecture, traffic volumes, and general
needs to drive the placement of future ITS deployment. The strong and consistent
leadership in the San Antonio District has alowed for aclear vision of ITS goals.

3.1.2 Planning Lessons L earned and Problem Definitions

Through survey responses and telephone interviews, the Metro districts have
provided a great deal of insight asto how they overcame certain obstacles. In the area of
planning, the districts have recommended the following strategies to avoid pitfalls.

L essons L earned:
= Theestablishment of a clear vision iscrucial to successful I TS deployment;
= |nvolvement of all stakeholdersisessential to building an integrated ITS
program;
= Thedevelopment of a competent, long-range planning document greatly aids
future deployment.

While the districts have overcome many hurdlesin the ITS planning process,
difficulties are till present. Half of the Metro districts (Austin, El Paso, and Houston)
mentioned concern over their current long-term plans. In some cases, the districts
deployments pre-dated the EDP process. Other times, early deployment plans were
developed but did not suit the needs of the district and did not develop working
relationships with key stakeholders (such as the transit agenciesin Austin and El Paso).
In both cases, a useful long-term plan was not developed, and the lack of a plan may
impede future deployment. National experience has shown that a key component in
building a successful ITS program is the establishment of a unified vision.

Problem Definitions: Long-term plansare not present or are not sufficiently serving
thedistrict.

3.1.3 Design Issues

For state DOTSs, a primary concern regarding the design of ITS isthe decisionto
outsource. Designing in-house allows the DOT to maintain more control of the system at
alower cost. However, it also requiresthe DOT design staff to learn the nuances of ITS,
often through experience and sometimes through costly mistakes. Such along learning
curve may or may not be overcome through the use of consultants. Consultants may have
the experience and knowledge to design ITS properly, but they may not, and if they do
not, the DOT will be forced to deal with the resultant, inadequate product.
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The USDOT report Discussion of Cross-Cutting Issues (4) cited the ability to
train and develop a knowledgeable design staff as the key to successful ITS deployment.
The same report found local transportation staff to be “in the most dire need of training.”
(4, p. 26)

The Metro TxDOT districts are facing similar dilemmas and are dealing with
theseissuesin avariety of ways. Austin, Dallas, El Paso, and Houston all stated that a
lack of knowledge in their design staff wasa“Magjor Concern” or a* Concern.”
Furthermore, al the districts who have dealt with consultants (Austin, El Paso, Fort
Worth, and Houston) mentioned that the inadequacy of the consultants’ plans was a
“Magjor Concern.” Table 3.2 summarizes each district’ s design strategy and concerns.
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Table 3.2: Summary of Metro Districts Design Strategies and Concerns

District Design Strategy Strategies to Overcome Design Dilemmas
Provide consultants with clear scope of work to build
Primarily utilize in-house resources; successful relationship;
Austin Use consultants for little more than Design training should be tied to project cost rather than
drafting. travel budget.
Dallas Only in-house resources to date. Issue is with rap|_dly changing nature of ITS technologies,
not a lack of design staff knowledge.
Primarily in-house, has used Design staff has improved tremendously with experience;
El Paso o .
consultants. district now feels comfortable with staff.
In-house resources for all proiects In dealing with consultants, district learned that the
Fort Worth . ¥ proj technology best suited to fit local needs may not be the
except software integration.
technology suggested by the consultant.
Consultant did not produce satisfactory designs;
In-house and consultants used for o . ) .
Houston : ) District thinks consultants need to train or hire personnel
major projects.
to develop a more competent staff.
San Keep design engineers involved in the planning process;
. In-house. . ;
Antonio Be very selective when choosing a consultant.

Sources: (30), (31), (32).




3.1.4 Design Lessons L earned and Problem Definitions

The Lessons Learned and Problem Definitionsin the area of ITS design can be
separated into two areas: in-house design and private consulting design.

In the area of in-house design, the districts were split on how comfortable they
were with the ability of their design staffs. Austin and Houston were most concerned
with the issue, while Dallas considered the dynamic nature of TS technologies to be the
main problem. In the area of Lessons Learned, the districts gave the following advice to
help maintain a competent design staff.

Lessons L earned:
=  Keep thedesign staff involved in planning activities;
= Keep initial projects small so design staff can work through any initial

problems.

As mentioned above, the issue of not having a competent in-house design staff
has not been resolved by all the districts, especialy not by Austin and Houston. Asa
result, this area can still be considered a problem.

Problem Definition: Districts are struggling to hire, train, and retain quality ITS
design staff.

The second area of ITS design involves working with private consulting firms.
All the districts that have had experience with consultants (Austin, El Paso, Fort Worth,
and Houston) have expressed major concerns over the quality of their work. The
following Lessons Learned have been developed from their experiences.

Lessons L earned:
= Provide consultantswith a clear scope of work;
= Chooseyour consultant wisely, and monitor hiswork carefully.

No Problem Definitions will be given for this area because the state DOT has
limited ability to improve the quality of private consulting work.

3.1.5 Construction Issues

Thisreport will narrow the arena of construction to exclude issues of
procurement. The background needed to understand the institutional and regulatory
environment of procurement has not been presented in this report so this report will focus
on the relationship with DOT staff and construction contractors and on inspection issues.
A good resource for those interested in procurement issues is Innovative Contracting
Practicesfor ITS(33), written by L. S. Gallegos Associates.

The Metro TxDOT districts are dealing with three major issues pertainingto ITS
construction:



» Finding good contractors knowledgeable in ITS;
» Holding these contractors responsible for the components they install; and

= Training and properly utilizing inspection staff.

Because each district has experienced different difficulties in construction issues,
abrief paragraph will describe each district’ s problems and solutions.

The Austin District has had trouble in al of the above areas. It has had
contractors provide poor-quality products and be released from their obligations before
the low quality was detected. The district also has inspection staff who are new to ITS
and who end up taking alot of the Traffic Operations personnel’ s time discussing
inspection. In dealing with the contractor and procurement issues, Austin recommends
that a clear, detailed specification that includes provisions for enforcement be placed into
each contract (30, 31).

The Dallas District has had relatively few problemsin theareaof ITS
construction. Highway contractors have subcontracted experienced and adequate ITS
contractors to install the ITS components. They did have concerns regarding the low-bid
process but thought that more supervision by staff could eliminate any inadequate work.
The Dallas District thinks it has experienced and well-trained ITS inspectors.

With itsinitial deployments in the mid-1990s, the El Paso District had difficulty
dealing with large roadway contractors. Now, however, the contractors are
subcontracting to knowledgeable ITS firms, and the problems have diminished
substantially. In terms of inspection, the Transportation Operation group performs the
inspection of the ITS components of roadway construction in coordination with the area
engineer. Thedistrict feels comfortable with this arrangement and does not expect to
adjust the strategy in the future.

The Fort Worth District has had trouble with large construction contractors
dealing with ITS, and the Fort Worth personnel think it is the responsibility of the ITS
inspectors to ensure that a quality product is produced. The ITS inspector in the Fort
Worth District oversees ITS components placed in larger roadway construction projects
aswell as projectsthat involve only ITS. Another concern the district has about ITS
construction is the use of the low-bid process. The district indicated that this often led to
alow-quality product, and it offered the following recommendations and alternative
strategies to overcome this problem:

= Quadlify ITS/telecommunications contractors;

= Require ISO certification of major component manufactory;

= Proprietary purchase;

= Require extensive testing and training and longer warranties on major
components.

The Houston District thought using subcontractors for ITS work and keeping ITS
projects separate from roadway projects would be the best strategy for dealing with
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contractors. Houston did have problemsin the area of inspection. For roadway projects
with an ITS component, the roadway inspectors, rather than the ITS inspection staff, were
often used. Again, keeping the projects separate could solve such problems.

The San Antonio District recommends using pre-qualified contractorsfor ITS
work and continually training the inspection staff. The inspection staff remain in the
construction division, but transportation personnel give them ample time to discuss
iSsues.

3.1.6 Construction Lessons L earned and Problem Definitions
Asthe Metro districts continue to work with ITS projects, they are addressing
many of the issues mentioned above. The following Lessons Learned summarize the
recommendations of the districts.
L essons L earned:
= Keepinitial ITS projects small;
=  Work toward processes other than the low-bid processto ensurethat
quality components are being installed (pre-qualifying);
= Trainandretrain ITSinspectorsand allow them to monitor
contractors work carefully;
= Forcecontractorstotest ITS componentsthoroughly and allow for
adequate testing befor e acceptance;
= Force contractors/vendorstotrain and re-train operations and
maintenance personnel.

While the districts have overcome many of their construction concerns, problems
still exist inthisarea. In general, the problems center on the low-bid process, whichis
not serving the needs of the districts. Fortunately, innovative programs, such as pre-
qualifying contractors, are being used to overcome these problems.

Problem Definition: The low-bid process does not servethe needsof I TS projects.

3.1.7 Operationsand Maintenance | ssues

Asthe ITSin the Metro districts become more mature, an increasing emphasisis
being placed on the operations and maintenance (O& M) of the systems. Before actual
deployment, little was known about the cost or extent of O&M that would be needed for
TMCsand other ITS deployments. TMCs all over the country are now faced with
overwhelming O&M costs and little available funding (34).

Ginger Daniels of TTI produced a very comprehensive paper discussing the issues
surrounding the O&M of ITS, specificaly TMCs, entitled Guidelines for Funding the
Operations and Maintenance of Intelligent Transportation Systems (34). The paper
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utilizes metropolitan TxDOT districts as its case study for analysis. The foci of the paper
aretwofold. First, realistic estimates of the costs of O& M for specific ITS infrastructures
are developed. Second, the authors give athorough overview of the issues and problems
facing the O&M of ITSwithin current DOT policies. The cost tables are excellent and
should be a constant reference for all ITS operators within Texas (34).

The report’ s analysis of O&M operationsin Texas and across the U.S. also
yielded some interesting results. A survey distributed across the U.S. by the researchers
revealed that 50 percent of states reported their current ATM S operating ability to be fair
to poor, and 70 percent expected their future maintenance functions to be fair to poor.
Reasons cited for such poor performance and expectation centered primarily on funding
issues. Generally, state DOTslump ITS O&M expenses with other transportation O& M
needs. And, in the face of deteriorating bridges and other infrastructure, ITS applications
are often left out of the picture. Some states are beginning to find more innovative ways
to fund O&M. One such method is to utilize contractors to maintain the state’s
equipment. This strategy utilizes the apparently more abundant contracting dollars, but
risks the problem of having multiple vendors working on integrated systems (34). The
San Antonio District is currently testing this strategy (8).

Within TxDOT, ITS O&M budgeting has been approached like traffic control
device O&M has. A routine budget is provided to the individual local districts. The TTI
report concluded that the “final amount allocated to ITSYATMS O&M depends on the
district leadership and the individual working relationship among managers on the district
level.” (34, p. 55)

The survey for this research found similar results, in that O&M is considered one
of the more pressing issues in the Metro districts. When asked in what areathereisthe
greatest need for additional personnel, all six Metro districts indicated operations,
maintenance, or both. Table 3.3 summarizes the greatest areas of concern for the Metro
districts as well as their proposed solutions to overcome these problems.

It should be noted that the work of SwRI and L-M in association with TXDOT
TREF, as discussed in Chapter 2, provides a tremendous amount of support to the Metro
districts in working through and solving O& M issues.
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Table 3.3: Summary of Metro Districts O& M Concerns and Solutions

District Primary Concerns Proposed Solutions
Need for standard operating
procedure for FMS; Separate operations and maintenance in a clear
. Need for quicker processing of fashion within TXDOT accounting system;
Austin . . . .
purchase requests; Establish comprehensive training course for ITS
Change in accounting structure; technicians.
ITS technician training.
Anticipates need for additional personnel as
Dallas None.
system matures.
. . While personnel are available and easily trained,
Needs additional personnel in ; e
El Paso . ; the resources are not available for the district to
Operations and Maintenance. hire
Include user interface that district will be
Experienced difficulty in comfortable with in software specifications;
Fort Worth . A ! -
operating software. Force vendor to offer initial and continuous training
for the life of the software.
Houston None. None.
San Anticipates need for additional Current practice of contracting out maintenance for
Antonio personnel in the future. video wall, LCS", AVI?, and kiosks is working well.

! _ Lane Control Signals, 2 _ Advanced Vehicle Identification, Sources: (8), (30), (31), (32)




3.1.8 Operationsand Maintenance L essons L ear ned and Problem Definitions

The operations, management, and maintenance of ITS are quickly becoming the
most important area of ITS deployment. For the TXDOT Metro districts, the following
Lessons Learned should be noted.

L essons L ear ned:
= Plan for thefinancing of operations and maintenance beforethe project is
constructed;
= Work toward more creative funding arrangements, such as contracting
maintenance of various components.

As mentioned above, the area of O&M is becoming the primary area of concern
for all Metro TXxDOT districts. When asked the question, “In what areais there the
greatest need for additional personnel?’, all six districts indicated operations,
maintenance, or both. The districts also mentioned that they were struggling to fund the
O&M needsin their districts properly and that they were having difficulty properly
tracking these expenses within the TxDOT accounting structure.

Problem Definition: The current personnel levels and funding structure are not

meeting the operations and maintenance needs of the districts.

3.1.9 Evaluation Issues

The evaluation of ITS projects is an important aspect of the overall deployment
process. ITS evaluations should be done to

=  “Understand the impacts;

= Quantify the benefits;

= Help make future investment decisions;

=  Optimize existing system operation or design.” (35, p. 3)

These processes follow an evolutionary pattern. Under the umbrella of
“Understanding the Impacts,” thefirst step isto “quantify the benefits’ to demonstrate
the worthiness of ITS to decison-makers. AsITS becomes accepted by decision-makers,
their evaluation must continue in order to determine which ITS strategies are most
beneficial. Aspreferred ITS applications emerge, their evaluation must continue to
determine optimal design and operating strategies (35).

On the national level, many metrics have been developed which devise strategies
for properly evaluating ITS. In general, they work from pre-established transportation
goals (i.e., safety, mobility) set measures that relate to those goals (i.e., time savings)
determine which data can properly enumerate those measures (i.e., average speed) and
then determine methods for collecting data (e.g., radar guns). USDOT has established a
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few good measures that consist of relatively easily collected data that still have the ability
to illustrate the success of ITS (36). These “few good measures’ are

= Crashes,

»  Fatalities,

=  Travel time,

= Throughput,

= User satisfaction or acceptance, and
= Cost (36).

In 1999, Shawn Turner and Bill Stockton of TTI developed an evaluation metric
specific to Texas, entitled A Proposed I TS Evaluation Framework for Texas (35).
Because this report isintended to provide guidance in the area of evaluation for TXDOT
districts, it will be reviewed in some detail here.

The report follows the established methodology of relating ITS benefitsto
established transportation goals and then devel ops measures to demonstrate progress
toward these goals. The goals, in this case, are the Texas Transportation Goals. Table 3.4
lists the Texas Transportation Goals along with a partial listing of measures that relate to
these goals.
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Table 3.4: Texas Transportation Goals and Related Evaluation Measures

Texas Transportation Goal Measures

Travel time savings®

Customer satisfaction®

Vehicle operating costs®

Congestion levels

Number of trips taken

Percentage of population within “x” minutes
travel of employment center

Mobility and Accessibility

Throughput1
Benefit/cost ratio

Cost per new person-trip
Vehicle-hours of delay
Number of stops

Effectiveness and Efficiency

=  Ability to choose convenient alternative
modes

= |ntermodal transfer time

= Schedule adherence

Choice and Connectivity

=  Number and severitY of crashes®
Safety * Number of fatalities
=  Number of vehicle thefts

= Mobile source emissions level
= Energy/ fuel consumption
= Noise pollution

Environmental and Social
Sensitivity

= Travel time savings1

= Operating cost savingsl

= Administrative and regulatory cost
savingsl

= Manpower savings

Economic Growth and
International Trade

T — Measure included in the USDOT “few good measures” list.
Source: Adapted from A Proposed ITS Evaluation Framework for Texas (35).

The framework developed in the TTI report recommends that the following steps
be taken for the proper evaluation of ITS:

=  Step 1: Identify Market Packages planned for deployment that will be evaluated,
= Step 2: Identify goalsin which the Market Packages have expected benefits;

=  Step 3: Cross-reference goals and select appropriate eval uation measures;
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= Step 4: Based on local deployment, define specific dataitems and
collection/estimation methods (35, pp. 22—-23).

In addition to establishing these methodol ogies, the report also comments on the
importance of taking data on “before” conditions. Often, the actual ITS servesto collect
the datathat are needed. Thus, taking traditional “before” measuresisimpossible.
However, in the period of time during acceptance testing, “before” conditions data could
and should be collected and archived properly. Thiswill allow for proper calibration of
simulation models, which could then be used for measuring the impacts of the ITS
project as awhole (35).

A Proposed I TS Evaluation Framework for Texasis still in the development stage
within TxDOT, and, as aresult, districts have been evaluating ITS in avariety of ways.
In addition to examining this type of system-wide evaluation, the following discussion
will address the methods used to evaluate the performance of individual 1TS components,
such as loop detectors.

The Austin District is currently in the ideal situation for collecting “before”
condition data. It hasinstalled a significant amount of surveillance and detection
infrastructure but has yet to come on-line with extensive information dissemination and
incident management. Currently, staff are working on collecting “before” data and trying
to determine the accuracy of the equipment. The Austin District has experienced alot of
difficulty with thistask. The primary challenge has been attempting to validate data
collected by loop detectors. This problem needs to be resolved before the district begins
to develop system-wide evaluation procedures. The ultimate goal in the Austin District is
to collect data that can easily be entered into a simulation model, such as CORSIM, for
anaysis (30). To date, no formal reports have been produced evaluating Austin’s ITS.

The Dallas Digtrict isin arelatively similar stage of deployment as the Austin
District, but it has not experienced the same problems with component evaluation. The
district personnel stated that they had adequate testing procedures for ensuring that the
components performed properly and mentioned that the project designer stayed with the
project through its construction. In terms of system evaluation, the Dallas District has yet
to perform any formal evaluation.

The El Paso District had difficulties with component performance with itsinitial
systems, but it has had fewer problems with its more recent deployments. The district
utilizes two full-time maintenance personnel to ensure that the components are operating
properly. The overall system in El Paso isjust now coming on-line, and, as aresult, the
district has yet to put aformal evaluation procedurein place.

The Fort Worth District is satisfied with its component eval uation strategies,
which consist of using CCTV cameras and traffic counters to verify loop performance
laser guns to check speed outputs and “light meters’ to measure the intensity of DMS
lights. Also, the district referenced the work done by Gerald Ullman of TTI, who
developed guidelines for the use of lane control signals (LCYS) by testing the effectiveness
and comprehension of various LCS schemesin alaboratory setting (37). In terms of
system-wide evaluation, the district is currently developing a Measure of Effectiveness
(MOE) algorithm to use on itsITS. In addition, it uses courtesy patrol and incident
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management logbooks to evaluate how the system has improved the performance of the
network.

The TranStar system in Houston, while a mature TMC, has also experienced
problems in determining the reliability of individual components, and personnel said such
issues were a“Major Concern” in their district. However, the district ssimply saw these
problems as the nature of the available technology.

In terms of system-wide evaluation, the Houston District, athough missing key
elements of the system, was formally evaluated by TTI in 1997-98 (38). The study used
basic measures to assess the impacts of the TranStar system. First, the congestion level
in the area was assessed using advanced vehicle identification (AVI) dataand TxDOT
volume-roadway annual inventory files. Second, the TranStar agency managers were
asked to assess the program by rating various deployments as they achieved, or failed to
achieve, established goals. The report then quantified congestion benefitsin dollar
amounts using standard techniques. The goal was to establish a ssmple framework so that
the TranStar system could be updated on an annual basis using similar methods (38).

In addition to the evaluation of the TranStar system as awhole, the HOV lanesin
Houston have aso been analyzed. TTI documented the benefits of the HOV systemin a
1999 report (39). Asanalysis of HOV lanesis awell-documented and essentially
separate field, the methodology of that report and other HOV reports will not be
discussed in this research.

The San Antonio District has approached the issue of component evaluation in a
very comprehensive and intelligent manner. It has three levels of measuring performance
before it selects and approves the construction contract. First, the district tests vendor
equipment it isinterested in purchasing. Once the equipment has passed a laboratory test
and is placed in the ground, the contractor is responsible for testing the component. The
procedure and results of this testing must be documented, and the district is heavily
involved in this testing process. Finally, the entire system is tested to ensure that the
components are working with the system asawhole. The district would like to see more
vendor equipment testing done at the state level through the Traffic Operations (TRF)
division.

The San Antonio District has been evaluated by many entities as part of the MDI
program. While avariety of reports have been produced that discuss the issues and
difficulties faced with the MDIs, the one that speaks most directly to the issue of
evaluation is the Metropolitan Model Deployment Initiative: National Evaluation
Strategy (40), produced by the FHWA and USDOT in November 1998 (4, 25). This
document evaluates all four M DI projects, which were developed in New Y ork/New
Jersey/Connecticut, Phoenix, Segttle, and San Antonio. The report eval uates the project
by first separating the deployments into the following groups (* indicates San Antonio
MDI included in the component):

= Traffic signal control*,
= Freeway management*,

= |ncident management,



= Electronic toll collection,

= Emergency management*,

= Transit management*,

= Electronic fare payment,

» Railroad grade crossing*, and
= Traveler information systems*.

Within these categories, the deployments are evaluated in terms of six study
areas. safety, energy and emissions, operational efficiency, benefit-cost ratio, customer
satisfaction, and institutional benefits. An expert in each of these areas (personnel from
USDOT, FHWA, Volpe Center, and Mitretek Systems) led the evaluation. Most often,
the study areas used output measures from the “few good measures’ list in addition to
more qualitative assessments by the expert in each area (40).

Russell Henk et al. of TTI also analyzed the San Antonio system in a 1996 report
entitled “Before-and-After Analysis of the San Antonio TransGuide System.” (41) This
paper utilized accident data and video image measures of response time as inputs to the
CORFLO simulator to produce a variety of evaluation measures (41).

In terms of applicability to TXDOT deployments, the TTI report A Proposed ITS
Evaluation Framework for Texas (35) stands as an example of a best practice. The
document relates the eval uation procedures to the National Architecture Market Packages
and provides avariety of effectiveness measures, all of which relate directly to the
established Texas Transportation Goals. In the field of component evaluation, the
districts are encouraged to share successful and unsuccessful practices with one another
in an effort to eliminate any future delays.

3.1.10 Evaluation Lessons L ear ned and Problem Definitions

To date, the Metro districts have addressed and largely overcome their obstacles
related to component evaluation.

L essons L ear ned:
= Develop formal proceduresfor the evaluation of I TS components such as
DMS, loop or other detectors, LCS, and cameras.

In the area of system-wide evaluation, many districts are either struggling to
develop robust evaluation procedures or have yet to address the issue of evaluation. A
well-defined evaluation procedure will alow districtsto justify ITS expenditures and
eventually help the districts develop more efficient ITS operating strategies. The authors
hope the report A Proposed I TS Evaluation Framework for Texas (35) will assist the
Metro districts in accomplishing this task.

Problem Definition: Thereisnot a well-defined methodology for the
evaluation of ITS.



3.1.11 Resources |ssues

Uniform within the six Metro districts is the need for more money for ITS activity
aswell as the need for more qualified personnel. While thereisno real solution for not
having an endless monetary supply, much research has been devoted to the need for more
qualified personnel inthe ITSfield.

Traditionally, transportation professionals have had training rooted in civil
engineering. While such training provides adequate background for all types of structural
analysis and infrastructure management, civil engineerstypically do not have the systems
integration and electrical engineering background often necessary in the ITSfield. Asa
result, USDOT initiated a series of reports entitled Building Professional Capacity in ITS
(42). The goa of these reports was to assist transportation agencies in identifying
training and education needs, and to provide guidelines for staffing ITSteams. The
reports are a good source of information about what types of personnel are needed in the
ITSfield (42).

Inthe TXDOT Metro districts, the problem is not identifying what types of
personnel are needed, but having the ability to hire such personnel in the face of higher-
paying competition in the form of consulting firms. While most surveyed districts
mentioned the need for more funding, the districts more uniformly mentioned the need
for additional personnel. While hiring additional personnel is often a monetary issue,
some strategies documented in literature attempt to overcome this problem.

A USDOT-sponsored report, Intelligent Transportation Systems (ITS) Program:
Analysis of USDOT-Sponsored Reports on Non-Technical Issues (26), did offer some
recommendations to USDOT on such matters. It recommended that USDOT *“should
encourage the inclusion of 1TS-related subjects and subject matter into existing curricula
through any means at its disposal.” (26, p. 76) TxDOT isamajor presence in two of the
nation’ s leading transportation engineering schools, The University of Texas at Austin
and Texas A&M University. Perhaps some of the ample funding TXxDOT provides these
schools for research could be put into educating students about the technical and
institutional issuesof ITS. Whilethereis no guarantee that these students would then
take this knowledge to a TXxDOT job, afew might, and the overall benefits might be
worth the relatively small investment such a program would require.

Another recommendation in the above report was that USDOT “gather and
analyze data to measure the level of public support for ITS, including willingness to pay,
in order to come to an informed decision regarding appropriate strategiesfor ITS
development.” (26, p. 82) Perhaps further promotion of Texas diverse ITS program
would generate greater public support and perhaps even awillingness to pay among the
public.

3.1.12 Resources L essons L earned and Problem Definitions

The majority of Lessons Learned relating to resources, such as the importance of
carefully planning for the monetary allocation of operations and maintenance, have
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aready been mentioned in other sections. The one Lesson Learned not covered in
previous areas pertains to the use of creative financing through partnering agreements.

L essons L earned:
= Search for public and private partnersto ease thefinancial burden of
ITS

The Metro districts are still struggling to overcome their need for more funding
and additional personnel. With the exception of the San Antonio District, al the Metro
districts said additional funds were needed to adequately deploy ITS in their regions.
Furthermore, additional staff are needed to maintain the ITS currently deployed.

Problem Definition: Metro districtsarein need of additional full-time per sonnel to
help manage, operate, and maintain their ITSand arein need of additional fundsto

deploy needed ITSin their regions.

3.2 BORDER DISTRICTS | SSUES, RECOMMENDED AND BEST PRACTICES

This report segmented TxDOT districts located along the U.S.—Mexico border
because of the special opportunities available in these regions. Every day, hundreds of
persona and commercial vehicles cross the border and enter border cities. In addition to
managing this traffic, the districts must deal with a variety of national and international
agencies, including officials from Mexico.

When speaking of current deployments and best practices regarding to ITS at
international border crossings, one must first speak about Texas. Texas Border districts
have emerged as the national |eadersin border ITS applications. As such, the districts of
El Paso, Laredo, and Pharr should be applauded for their efforts.

Asdiscussed in Chapter 2, Laredo is developing aregional ITS vision, which
includes the cities of Laredo and Del Rio. Thedistrict isincluding awide variety of
public- and private-sector entitiesin the project, including national government
organizations and trucking associations.

On asmaller scale, the Pharr District isfollowing in the intelligent footsteps of its
neighboring district, Laredo. Pharr has already tested small ITS deployments and is now
beginning to formulate aformal ITS plan.

In general, the two districts are approaching ITS in an intelligent, rational manner
with federally funded operational tests and planning programs that take a regional
approach and include avariety of stakeholders.

3.2.1 Border Districts Lessons L earned and Problem Definitions

The Border districts have been deploying ITS in a competent manner thus far and
have learned the following lessons.
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L essons L ear ned:
= Theuseof federally funded operational tests can jumpstart an I TS program;
= |TSinarural setting can, and should, take an integrated, regional approach.

The problems till prevalent in the Border regions involve the myriad institutional
issues involving agencies from both the U.S. and Mexico. These institutional issues must
continue to be addressed and overcome for the ITS program in the areato flourish.

Problem Definition: Institutional/jurisdictional issues continue to exist along the
U.S—Mexico border.

3.3 PORT DISTRICTS |SSUES, RECOMMENDED AND BEST PRACTICES

In many respects, Port regions face challenges similar to those of their Border
counterparts. They must deal with alarge volume of commercia traffic originating from
an isolated source, and they must contend with a variety of agencies, both public and
private. With ITS applications, again, many similarities are present. Both Border and
Port regions hope to make crossing the gateway from the port or border a seamless
process and may engage many similar technologies to do so. Port regions, however, have
not benefited from the extensive operational tests that have recently emerged along our
international borders. A few projects have been launched to better exploit the
opportunities available at ports because it is predicted that marine trade will triple during
the next twenty years (14).

An example of amarine ITS freight application is underway in Sesttle,
Washington. The project is a partnership among Sea-Land, Port of Tacoma, Washington
Trucking Association, and the Puget Sound Regional Council. The project will tag
10,000 containers and trailers with disposable electronic seals. The tagswill contain the
“manifest information, gate release/arrival times, route plans, and other information that
will allow the containerdtrailers to be used as a traffic probe for freight planning
purposes.” (14, p. 340) Other elements of the system are Internet traffic updates and
video surveillance at port gates. The ultimate goal of the project isto “alow freight
information to flow in advance of the physical movement of freight, and for this
information to arrive at every checkpoint along the way in advance of the truck
conveyance.” (14, p.338)

Asdiscussed in Chapter 2, no ITS activity is reported in the Port districts of
Beaumont and Y oakum, and ITS activity in Corpus Christi is centered on traffic
management and does not involve any port organizations other than refinery fire
personnel. However, Corpus Christi is exploiting its location along the Gulf of Mexico
and hopesto use ITS to help evacuate citizens when a hurricane is near the coast. In
Houston, the Port Authority is investigating ways to scan container tags automatically
and isin the process of updating its computer systems (43). However, thereis no formal
working relationship between the state DOT and the Port Authority, asfar asITS are
concerned in either Corpus Christi or Houston.
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3.3.1 Port Districts Lessons L earned and Problem Definitions

To date, very few Port districts are involved with ITS. Asaresult, few lessons
can be devel oped other than one from the work in Corpus Christi, which has
demonstrated the following.

L essons L ear ned:
= Freeway management systems can be planned to perform unconventional
services, such as expediting hurricane evacuation procedures.

The key problem that still existsin the port region is the lack of coordination
between state DOT ITS personnel and port authorities. Other than refinery emergency
personnel, the Port Authority in Corpus Christi does not play arolein the ITS program.
Although Houston is categorized as a Metro district in this report, it also demonstrates
this negligence. While the city, county, and transit agency play alargerolein the
TranStar system, the Port Authority is not involved.

Problem Definition: Thereisalack of workingrelationships between DOT ITS
personnel and regional port authorities.

34 RURAL DISTRICTS |SSUES, RECOMMENDED AND BEST PRACTICES

As TMCs emerge across the country, I TS are often most closely associated with
urban traffic management. Such an association is unfortunate because some of the more
interesting and useful ITS projects occur in the rural environment. In recent years, rural
ITS programs have gained more recognition on the national level because major projects
are being deployed. These projects cover abroad array of purposes, from communicating
bad weather warnings to commercial vehicles, to aerting tourists to the location of the
nearest fast-food restaurant.

To assist in the deployment of rural systems, the FHWA and USDOT have
organized rural ITSinto seven clusters (14). These clustersinclude the following:

= Traveler Safety and Security — Alerting drivers to hazards; includes area-wide
dissemination and particular site warnings and advisories;

= Emergency Services— Improving emergency response in remote locations;

=  Tourism and Traveler Information Services — Providing travelers unfamiliar with
the area with information;

* Public Traveler Services/Public Mobility Services — Improving the accessibility
of transit services to rural residents,

» |nfrastructure Operations and Maintenance — Technologies that improve these
operations by detecting severe weather or failure during construction and
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» Heet Operations and Maintenance — Improvements to vehicles such as
snowplows, rural transit vehicles, and law enforcement;

=  Commercial Vehicle Systems— A myriad of applications that improve everything
from scheduling to safety to locating (14, pp. 242—243).

In addition to such organizational assistance, a wealth of other information
regarding rural ITS projectsis available from USDOT. Other useful reportsinclude the
U.S. Department of Transportation I TS Projects Book (14), which outlines projects
completed to date and gives useful cost and contact information. Additionally, the
Advanced Rural Transportation Systems Compendium has summarized more than 200
low-cost and low-technology ITS applicationsin rural settingsin its publication entitled
Technology in Rural Transportation: Smple Solutions (44). Finally, Mitretek’s report,
Intelligent Transportation Systems Benefits: 1999 Update (45), contains a section that
summarizes some of the reported benefits of these rural systems.

Whilerural activity isblossoming in some states, it is still rather scarcein Texas.
As stated in Chapter 2 of this report, the survey for this research revealed very little ITS
activity taking place in rural Texas, with only one district undertaking aformal planning
process and only a handful of districts engaging in any type of deployment.

Although the level of activity in Texas was uniformly low, the attitudes toward
ITSvaried greatly. A few engineersin rural districts responded to the survey or phone
interview with excitement and energy about ITS. They mentioned that ITS do not play a
prominent role today, but that they hoped the future would bring ITS applications. Often,
these districts engage in small ITS projects such as video detection. In genera, the
districts desired more information about rural TS applications and placed a heavy
emphasis on having an established evaluation methodology to develop benefit-cost ratios
tovalidate ITS.

An example of such adistrict is San Angelo. The San Angelo District has
experienced many problems with the operations and maintenance of its video detection
system, and these incidents have soured its attitude toward ITS. Thedistrict cited the
lack of an established evaluation methodology, which would lead to a realistic benefit-
cost ratio, as the primary reason to avoid future ITS applications. The authors hope the
evaluation discussion in this report can aid this district.

While some districts struggled with small ITS deployments, other districts had
seemingly littleinterest in ITS. Typically, district personnel said that low traffic volumes
did not warrant the use of ITSin their regions.

The question for these districts to answer is whether any ITS applications can be
useful in their districts. And, to answer this question honestly, the decision-makersin
rural communities must continue to educate themselves about the possibilities of ITS. In
the case of rura ITS, Rural TxDOT districts may have to look beyond the state borders
for information and guidance. The surveysreveaed that a primary source of information
about ITS was neighboring, more populated districts. While such information-sharing is
important, districts must continue to look outside the borders of Texasaswell. The
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tailored nature of rural 1TS applications makes a broader information base even more
important.

As an aternative to district-level deployment, TxDOT may want to take action at
the state level. Currently, the state of Arizonais moving toward building an integrated
statewide system that incorporates many of itsrural areas (46). Inthe survey for this
research, one Rural district stated its desire for such a program in Texas.

3.4.1 Rural Districts Lessons L earned and Problem Definitions

The Amarillo district has benefited from its formal planning process, and that
process can be considered a Lesson Learned.

Lessons L earned:
= Follow theformal ITS planning processin rural regions.

Concerning the problems present in the rural communities, the key need isfor a
common vision among Rural districts. As discussed in some detail previoudly, thereisa
wide variety of opinions and attitudes regarding ITS among TXxDOT’ s Rural district
personnel. While a handful of districts are excited about and experimenting with ITS
applications, many districts think ITS are tools exclusively for urban use. Presently, such
ITS applications as communicating serious weather conditions to travelers and improving
the operation of highway—rail intersections are making rural communities safer. TxDOT
leadership is needed to bring similar programs to Texas. With any new innovation, a
leader or champion is needed to carry the program forward in the early stages of
deployment. Such champions are needed to push rural ITS forward in Texas. Inthe
future, alack of interest in ITS may hinder the development of statewide traveler
information and safety programs.

Problem Definition: Great disparitiesare present in Rural decision-makers
attitudesand interest in ITS; few local ITS championsexist in Rural districts.

Those districts that have experimented with ITS expressed concern about
evaluating their systems. Rural districts typically have much smaller budgets than their
Metro counterparts and, as aresult, have fewer funds to use on experimental programs.
Without arobust evaluation methodology translating directly to a solid benefit—cost ratio,
Rural districts may continue to be wary of ITS. Again, it is hoped the A Proposed ITS
Evaluation Framework for Texas (35) report assists the districts in developing evaluation
procedures.

Problem Definition: Thereisnot a well-defined methodology for the
evaluation of ITS.

35 SUMMARY

This chapter has demonstrated the wide variety of techniques and approaches
being used to deploy ITSin Texas. These techniques are often in line with the
recommended procedures of USDOT. Furthermore, the chapter has brought forth many
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of theissuesthe ITS program has overcome and many it is still dealing with. The authors
hope this discussion will allow decision-makersto better understand the issues and
concerns currently present in the TXDOT districts, and that districts new to ITS can learn
from the experiences of their peers.
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CHAPTER 4: SUMMARY AND CONCLUSIONS

41 SUMMARY

The three objectives of thisreport are as follows. summarize ITS activity in
Texas, discuss the issues prevalent in all aspects of ITS deployment in Texas, and
develop formal Lessons Learned and Problem Definitions, which capture the primary
difficultiesin dealing with these issues.

Thelevel of ITS activity in Texas was found to be diverse and growing. For
organizational purposes, the TXDOT districts were segmented into the following four
categories: Metro, Border, Port, and Rural. The Metro districts include the districts
commonly referred to asthe “Big Six:” Austin, Dallas, El Paso, Fort Worth, Houston,
and San Antonio. The Border districts share an international border with Mexico and
include Laredo, Odessa, and Pharr. The Port districts are located on Texas' Gulf coast
and include Corpus Christi, Y oakum, and Beaumont. The remaining districts are lumped
together in the Rural category. These districts are: Abilene, Amarillo, Atlanta,
Brownwood, Bryan, Childress, Lubbock, Lufkin, Paris, San Angelo, Tyler, Waco, and
Wichita Falls.

The Metro districts were all found to have significant ITS deployments. Each
district either has or is devel oping a comprehensive FM S and, in general, has included
transit agencies and emergency personnel in its efforts. In addition to FMS, the districts
are exploring more innovative ITS such as demand responsive transit in Dallas,
commercia vehicle electronic clearance operational testsin El Paso, and ambulance-
doctor video conferencing in San Antonio.

The Border districts are also heavily involved in ITS. The Laredo District, home
of North America’s busiest in-land port, is currently engaged in an operational test to
evaluate CV O electronic clearance and is developing linked transportation management
centersin the cities of Laredo and Del Rio. Also, the Pharr District is currently working
on aRegiona ITS Plan in the hopes of developinga TMC.

The Port districts are less active than the Metro and Border districts but do have
some interesting programs underway. The Corpus Christi District is developing an FMS,
which, in addition to managing the freeway networks, will expedite hurricane evacuation.

Thedistrictsin rural Texas are lagging behind their urban counterpartsin ITS
deployment, but there are signs of progress. The Amarillo District has developed an ITS
Regional Plan to address its need for arural weather monitoring system. Other districts
have expressed interest in ITS and have been experimenting with video detection.

The second objective of the report was to provide a summary of the more
prevalent issues affecting ITS deployment within TXDOT. Again, this discussion was
aided by separating the districts into the categories of Metro, Border, Port and Rural.

The issuesthe Metro TXxDOT districts were currently dealing with pertaining to
ITS deployment were separated into the categories of planning, design, construction,
operations and maintenance, and evaluation. The report provides a summary of the way
each district approaches the above areas of ITS deployment. When appropriate,
academic and USDOT-sponsored literature was used to provide a basis for discussion.
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Additionally, best practices were identified in some areas, as warranted. In general, it
was found that districts new to ITS were most concerned with planning and construction,
while the more mature districts focused more on operations and maintenance. However,
all the districts were wary of future operations and maintenance problems.

Significantly briefer discussions were provided for the Border, Port, and Rural
districts. The Border section focused on the positive approaches the districts are taking
toward ITS by developing aregiona plan and utilizing federal operational testsas a
means of encouraging ITS deployment. The Border regions are a good example of
intelligent deployment practice within the state and nationwide.

Because little activity is currently present in the Port and Rural districts, this
section of the report provided information regarding operational tests and rural
applications, as well as useful resourcesto aid in future deployments. It is hoped that this
section will act as an informational source for these districts.

In addition to this discussion of deployment methodologies, Chapter 3 provided a
short list of Lessons Learned and Problem Definitions that summarize the more pressing
needs of the ITS program at both the state and district level. The Lessons Learned
highlight the key areas in which the districts have worked through major obstacles, and
the Problem Definitions outline areas where the districts are till struggling. The Lessons
Learned and Problem Definitions are segmented into the four general categories of
Metro, Border, Port and Rural.

»  Metro Districts' Lessons Learned and Problem Definitions;

Planning Lessons Learned
= The establishment of aclear vision iscrucial to successful ITS deployment;

= Involvement of all stakeholdersis essential to building an integrated ITS program;
= The development of a competent, long-range planning document greatly aids
future deployment.

Planning Problem Definitions
= Long-term plans are not present, or are not sufficiently serving the district.

Design Lessons Learned
= Keep the design staff involved in planning activities;

=  Keepinitia projects small so design staff can work through any initial problems;
= Provide consultants with a clear scope of the work;
= Choose a consultant wisely and monitor hiswork carefully.

Design Problem Definitions
= Digtricts are struggling to hire, train, and retain quality ITS design staff.

Construction Lessons Learned
= Keepinitia ITS projects small;



=  Work toward processes other than the low-bid process to ensure that quality
components are being installed (pre-qualifying);

= Trainand re-train ITS inspectors and alow them to monitor contractors work
carefully;

= Force contractorsto test ITS components thoroughly and allow for adequate
testing before acceptance;

= Force contractors/vendors to train and re-train operations and maintenance
personnel.

Construction Problem Definitions
= Thelow-bid process does not serve the needs of ITS projects.

Operations and Maintenance Lessons Learned
= Plan for the financing of operations and maintenance before the project is

constructed;
=  Work toward more creative funding arrangements such as contracting
maintenance of various components.

Operations and Maintenance Problem Definitions
= The current personnel levels and the funding structure are not meeting the

operations and maintenance needs of the districts.

Evaluation Lessons Learned
= Develop formal procedures for the evaluation of ITS components such as DMS,

loop or other detectors, lane control signs (LCS), and cameras.

Evaluation Problem Definitions
= Thereisnot awell-defined methodology for the system-wide evaluation of ITS.

Resour ces Lessons Learned
= Search for public and private partners to ease the financial burden of ITS

deployment.

Resour ces Problem Definitions
= Metro districts arein need of additional full-time personnel to help manage,

operate, and maintain their ITS, and they are in need of additional funds to deploy
needed ITS in their regions.
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>  Border Districts' Lessons Learned and Problem Definitions:

Lessons Learned
= Theuseof federally funded operational tests can jumpstart an ITS program.

= |TSinarura setting can and should take an integrated, regional approach.

Problem Definitions
= Institutional/jurisdictional issues continue to exist along the U.S.—Mexico border.

»  Port Districts' Lessons Learned and Problem Definitions:

Lessons Learned
=  Freeway management systems can be planned to perform unconventional

services, such as expediting hurricane evacuation procedures.

Problem Definitions
= Thereisalack of working relationships between DOT ITS personnel and regional

port authorities.

> Rurd Districts Lessons Learned and Problem Definitions:

Lessons Learned
= Follow theformal ITS planning processin rural regions.

Problem Definitions
= Great disparities are present in rural decision-makers' attitudes and interest in

ITS, few local ITS champions exist in Rural districts;
= Thereisnot awell-defined methodology for the evaluation of ITS.

4.2 CONCLUSIONS

In general, the context of the Texas Department of Transportation provides a
diverse ITS environment in which each district is given considerable leeway in deciding
what’s best for itsregion. This hasled to avariety of practices and approachesin dealing
with avariety of issues. Such an environment is beneficial because each region can
experiment on its own and share its knowledge with other districts and TRF personnel.

In this strategy, best practices are bound to emerge, albeit through some iterative and
costly processes.

The opportunity for future ITS applicationsin Texasis great. Many urban areas
are just beginning to understand the powerful benefits of providing timely and useful
information to travelers and management personnel. Partnering agreements and
integration efforts are continually improving the urban systems. The border regions are
making impressive strides as well, which may lead to a safe and seamless border with
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Mexico. And the diverse rural environment is ripe with potential, just waiting to be
identified and filled with ITS applications.
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APPENDIX A
SURVEY FORM
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ITS Inventory Survey

. Purpose

The purpose of thissurvey isto assist TXDOT in the development of a
comprehensive Intelligent Transportation System (ITS) inventory of current and planned
deployments in each TXDOT district. Thisinventory will then be used to update
TxDOT’sITS Deployment Plan and Strategy. It will also aid in identifying resources or
expertise that could be valuable in other districtsin future deployments.

. Planning
Does your district have a position whose primary responsibility isITS planning
(i.e., separate from a roadway/general planning or ITS design group)?

Who is the appropriate district contact for ITS planning?

Is there a document unique to your district that guides ITS deployment or outlines
goals (short- and long-term) of your district’s ITS program? Are copies of these
documents readily available?

Do any TxDOT individuals or documents (e.g., TXDOT’ s ITS Deployment
Strategy) assist the district in planning? If so, whom or what?

Do outside consultants aid in the planning process or have they in the past?

Do ITS vendors aid in the planning process?
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Other comments about the planning aspect of ITS:

[11.  Design

Is there a separate district contact that isin charge of the design of ITS systems?

Isthe design of any specific ITS system done “in-house” at the district level?

If so, are any guiding documents/handbooks/manuals used in the design process?

Which consulting firms have been used to design your district’s ITS systems?

Have specific ITS vendors been influential or helpful in the design process? If so,
which vendors, and in what capacity have they been of assistance?
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V. Construction

Who (person or group) in your district is responsible for overseeing the
construction of ITS systems?

Would atraining program for ITS inspection benefit the inspectors in your
district? Or would additional inspection staff be more beneficial?

Have any contractors been especially good or poor at installing ITS components?

Other comments about the construction of ITS systems:

V. Evaluation
What method, if any, do you use to evaluate the performance of ITS components?

The means evaluating not the ITS system but individual components, e.g., testing the
accuracy of loop detectors in measuring occupancy or speed.

Is there a specific mechanism used for evaluating the success of ITS
systems/projects?
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Have any reports been produced which evaluate the impact of individual ITS
projectsin your district?

Have consultants been hired to assist in the evaluation process? If so, who has
been hired, and have reports been produced?

Have other TxDOT personnel or the use of documents aided in this process?

Are the reports outlining the process used in evaluation, and are the specific
reports on evaluating projects readily available?

VI. Barriersto Success

During the deployment process, many obstacles appear which hinder the success
of ITS. Inthissection of the survey, we wish to identify those specific Barriersto
Success. Such barriers can be present at any point in the deployment process, from
planning to operations. We ask that you reply to the below Barriers to Success in three

ways:

1 Please rate each barrier according to how it has affected your
district by circling a“major concern,” “aconcern,” or “not a
concern.” Any additional comments are also very much
appreciated.

2. After discussing each barrier, please provide any strategies or

mechanisms for overcoming, or attempting to overcome the
specific barrier.
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3. Last, and most importantly, please provide any additional Barriersto
Success that your district has experienced with the deployment of ITS.

Planning Barriers
1 A lack of long-term goals has not allowed for a clear vision of

deployment.
Major Concern/ A Concern/ Not a Concern

Strategy for dealing with above barrier:

2. We simply were not aware of many I TS applications during the early
stages of the planning process.
Major Concern/ A Concern/ Not a Concern

Strategy for dealing with above barrier:

3. Conflicts with the metropolitan planning organization (MPO) or other
organizations have hindered the planning process.
Major Concern/ A Concern/ Not a Concern

Strategy for dealing with above barrier:

4. Political opposition to ITS has hindered deployment.
Major Concern/ A Concern/ Not a Concern



Strategy for dealing with above barrier:

5. The lack of mainstreaming of ITS into the general planning process has
not allowed ITS to become a viable option.
Major Concern/ A Concern/ Not a Concern

Strategy for dealing with above barrier:

Design Barriers

6. Thereisalack of knowledge on the part of our staff intheareaof ITS
design.
Major Concern/ A Concern/ Not a Concern

Strategy for dealing with above barrier:

7. Designs presented by consultants have been inadequate and have caused
the district to spend additional time adjusting plans.
Major Concern/ A Concern/ Not a Concern

Strategy for dealing with above barrier:

Construction Barriers
8. General contractors are not knowledgeable enough to allow ITS
components to be placed in alarger construction project.
Major Concern/ A Concern/ Not a Concern
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Strategy for dealing with above barrier:

9. Contractors hired specifically for ITS projects have not provided a quality
product.
Major Concern/ A Concern/ Not a Concern

Strategy for dealing with above barrier:

10.  There are no contractors in our areawho are capable or willing to build
ITS.
Major Concern/ A Concern/ Not a Concern

Strategy for dealing with above barrier:

11.  The construction inspectors on staff are not knowledgeable enough to
inspect ITS projects properly.
Major Concern/ A Concern/ Not a Concern

Strategy for dealing with above barrier:

12.  Theinspectors and construction division end up taking much of the traffic
division’stime in discussing construction.
Major Concern/ A Concern/ Not a Concern

Strategy for dealing with above barrier:
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13.  Thereisno mechanism available for forcing contractors to be responsible
for the quality of the ITS component. A project is often accepted before adequate testing
can be done to ensure the quality of the product.

Major Concern/ A Concern/ Not a Concern

Strategy for dealing with above barrier:

Evaluation Barriers
14. Once the components are in the ground, there is no way to test the
reliability of the parts (e.g., loops) without extensive effort on the part of the traffic
division.
Major Concern/ A Concern/ Not a Concern

Strategy for dealing with above barrier:

15.  We have no set methodology for evaluating projectsin order to improve
the quality of the next deployment.
Major Concern/ A Concern/ Not a Concern

Strategy for dealing with above barrier:

Operations Barriers
16.  Thetechnology is not accurate enough to provide the robust results
necessary to validate ITS.
Major Concern/ A Concern/ Not a Concern

Strategy for dealing with above barrier:
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17.  Theavailable software packages are full of bugs and hard to operate.
Major Concern/ A Concern/ Not a Concern

Strategy for dealing with above barrier:

18.  Our staff is not knowledgeable enough to run the systems efficiently.
Major Concern/ A Concern/ Not a Concern

Strategy for dealing with above barrier:

Resource Barriers
19.  Welack the financial resources necessary to deploy ITS adequately.
Major Concern/ A Concern/ Not a Concern

Strategy for dealing with above barrier:

20.  Welack the personnel necessary to deploy and maintain ITS adequately.
Major Concern/ A Concern/ Not a Concern

Strategy for dealing with above barrier:

21. In what areais there the greatest need for additional personndl (e.g.,
planning, design, construction, operations, maintenance, evaluation)?
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Please provide alist of other Barriers to Success your district has encountered in
trying to deploy ITS.

VII. Cost

We are aware that many ITS applications are placed in larger projects and are not
monitored individually. However, any cost information you can provide about ITS
deployments would be greatly beneficial. Any budget or cost information for past,
current, or future deployments in the following categories is appreciated:

= Planning

= Design
= Construction

= QOperations

= Maintenance
= Evaluation

= Personnel

Note: Please take Operations to be the operating cost of the ITS systems (i.e.,
phone line cost, extra electricity cost if discernable) and for personnel; only the cost of
personnel dedicated completely to ITS operationsis desired.

VIII. Existing and Planned Deployment | nventory

We would like to obtain any maps, charts, or tables that have been developed to
keep track of ITS deployment. An example may be amap or table summarizing the
location of all deployed variable message signs or video cameras. Summaries of current
and planned infrastructure are desired. Electronic copies of documentation (AutoCad,
Microstation, etc.) would be greatly appreciated.

[ X. Assistance

What type of information-sharing would most help your district better deploy and
evauate ITS?
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What role do you think ITSwill play in future yearsin your district? What role
would you like to see it play?

Other comments:
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APPENDIX B
FREEWAY MANAGEMENT SYSTEM COVERAGE GRAPHICS
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