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Forward

The Crescent Project element of the HELP Program is a bi-national multi-jurisdictional
cooperative research and demonstration initiative involving the public and private sectors in an
application of advanced technologies for the creation of an integrated heavy vehicle management
system. Thisinitiativeisaleading example of the commercia vehicle operations (CVO) aspect of
the Intelligent Vehicle Highway Systems (IVHS) concept. Some of the advanced technologies
demonstrated in this project include: (1) automatic vehicle identification (AV1); (2) weigh-in-
motion (WIM); (3) automatic vehicle classfication (AVC); and (4) data communications networks
and systems integration.

The HELP program, initiated in the early 1980s, consisted of three phases which included
assessing the feasibility of the concept, technical studies involving laboratory and field tests, and
lastly, a demonstration phase. Perhaps the most significant activity of this project centered on the
subject of ingtitutional arrangements, associated with the integration of emerging technologies with
current operational policies and practices, within both government and industry sectors.

The demonstration element of the program, referred to as the Crescent Demonstration
Project, began in 1991 and involved six U.S. states and one Canadian province. This project was
phased into full scale operation over a three year period.

Thisdocument is one of several cited below which comprise the evaluation of the Crescent

Project The complete evaluation is reported in the following list of documents:

The Crescent Project: An Evaluation of an Element of the HEW, Program:

Executive Summary

Appendices:

On-Site Analysis of HELP Technologies and Operations Evaluation Report

State Case Study Evaluation Report

Motor Carrier Case Study Evaluation Report

Crescent Computer System Components Evaluation Report

Crescent Demonstration Office Evaluation Report

State Line Beacon Project User Case Studies
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The Evauation team consisted of the following groups:
WHM Transportation Engineering Consultants, Inc. (lead group)
Castle Rock Consultants
Western Highway Institute, ATA Foundation

In addition, the evaluation team was supported in this effort by:
L ockheed Information Management Systems
Booz-Allen & Hamilton Inc.

The team members wish to acknowledge the participation and support of the many
individuals and organizations who provided guidance, assistance and encouragement during the
evaluation process. While the team members are solely responsible for the content accuracy of
these eval uation documents, the process would have been greatly impaired without the recognition
of the importance of this effort by all who contributed and their desire to promote efficiency and

productivity in futurefreight systems. To all we are greatly appreciative and indebted.

C. Michagl Walton

Chairman, Evaluation Team



CHAPTER 1. GENERAL BACKGROUND

INTRODUCTION

In 1990, Lockheed Integrated Systems Company (LISC) was awarded a contract under the
Crescent Demonstration Project, to demonstrate the integration of Weigh-in-Mation (WIM),
Automatic Vehicle Classification (AVC) and Automatic Vehicle Identification (AVI) technologies
Thisaward represented the beginning of the demonstration phase of the Heavy Vehicle Electronic
License Plate (HELP) Program involving fifteen states, one port authority, and trucking industry
representatives.

Starting as a research and demonstration project some four years earlier, the HELP
Program sought to examine the future for improvementsin heavy vehicle management technology
and the cooperative efforts necessary among public and private sector stakeholders to make the
application of the technology aredity. These first four years concentrated on research,
development, and testing of the technologies then available for collecting truck data - primarily
WIM and AVC equipment. After achieving some success in applying these technologies,
especially in Oregon, ademonstration project was conceived among six states -- Washington,
Oregon, California, New Mexico, Arizona and Texas -- to integrate these technol ogies, develop an
AVI capability, and link them together by a computerized communications system and data base to
be provided by acontractor. Thus began the Crescent Demonstration Project.

LISC developed a system architecture, based on the RFP requirements and implemented
this system in 1992. This system continues in operation today, processing some 500,000
transactions per week, on average.

In September, 1992, at the request of the Federal Highway Administration (FHWA), the
Crescent team prepared a plan to evaluate the Crescent Demonstration Project prior to September
30, 1993 - the end of the Federal project providing some funding to the effort The plan includes:

. the evaluation of the WIM, AVC and AVI equipment being used,

an evaluation of the Crescent Demonstration Office (CDO) functions from the users
(trucking company, states) perspective,

. anevaluation of state and motor carrier company usage of the system, and

an evaluation of the Crescent computer system components.



The plan assumed that certain activities, including purchase and installation of equipment
(involving highway construction activities by participating states) would be completed in
accordance with atimetable agreed to by the stakeholders. This schedule would permit appropriate
data collection and analysis to take place as part of the evaluation. In fact, the schedule proved to
be very ambitious -- many of the schedules were not met. The result is a system which is only
now beginning to take on shape as an “operational system”. To become operational, several
additiona activitiesmust be completed. Although the FHWA views the proposed evaluation to be
that of an Operational Test of the Crescent System, in reality, it is more a review of the current
status of the system, its components, and the lessons learned. From the Crescent Computerized
System standpoint, the system as designed is nearly operational and many lessons learned can be
derived from the experience. A few changeswill likely be reguired in order to consider the system
ready for atrue” Operational Test”, asenvisioned by the FHWA.

The remainder of this section outlines the System Objectives as envisioned in the RFP and
LISC's proposal. It will provide background and set the stage for the assessment of the six areas
set out in the September Crescent Evaluation Plan:

. Systems Architecture

. Systems Communication
. Applications Software

. Crescent Database

. Site Availability

. Data Reconciliation



SYSTEM OBJECTIVES
There were four high level system objectives as outlined in the RFP and the LISC

Proposal:

. Data collection for highway planning,

. Datato aid enforcement,

. Preclear and transparent border clearances of participating motor carriers, and

. One-stop credentia and permit processing for participating states and motor carriers.

lection for Highway Planni

Using WIM equipment, the system was to obtain vehicle weights from each site. AVC
equipment was to provide classification data -- numbers and types of trucks. AVI equipment can
provide information about origins and destinations, monitor hazardous materials movements and
increase the efficiency of weigh station operations. The data from Crescent sites would provide
data useful for transportation planning, traffic engineering, weight enforcement, pavement and
bridge design and pavement management. The system was to collect this data from the appropriate
equipment(s) and provide a means to store and retrieve it, as necessary, for use by states and motor
carriers.

Data to Aid Enforcement.

The system was to provide a means to improve the efficiency of enforcement practices
related to trucks. WIM provides a means to detect overloaded trucks (within tolerances). This
information would be used at a weigh station to direct the truck to static scales where true weight
and perhaps enforcement action could take place. WIM and AV C equipment can be used together
to determine whether atruck isin compliance with axle weights and bridge formulalaws designed
to protect bridge infrastructure from potentia unlawful damage. WIM, AVC and AVI can be used
in combination to determine that a vehicles weight, dimensions, registration, safety inspection and
permits are in order, or whether enforcement action is required.



Pre-clear and Transparent Border Clearances of Participating Motor Carriers

By using the above capabilities, participating vehicles can be “pre-cleared” or alowed to
bypass weigh stations or to cross state lines without undue delay -- also known as “ transparent
borders’. Weights, dimensions, registration, safety and permits can all be checked in real-time and
time saved for the vehicle drivers and the enforcement personnel. The system wasto assist in
collecting and analyzing this information thus providing a means for implementing pre-clear and
transparent border proceduresfor legal vehicles participating in the demonstration project

One-stop Credential and Permit Processing for Participating States and M otor
carriers

One-stop shopping is a logical extension of the automatic clearance concept. It alows a
carrier to benefit from pre-clear and transparent border procedures through application to a regiona
authority for al necessary permits and clearances to travel through several participating states. The
system was to provide the means necessary to support this concept.

SYSTEM COMPONENTS - OVERVIEW

The specific hardware and software components that comprise the System Architecture will
be discussed in the next chapter. The data base at the heart of the system maintains information
about three primary areas -- enrolled motor carriers, specific trucks owned or operated by the
motor carriers, and the events occurring at individual WIM, AV C and/or AVI devices. Figure |-|
(provided by LISC) depicts the types of information contained in the database.
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CHAPTER 2. EVALUATION OF CRESCENT SYSTEM COMPONENTS

This chapter provides an evaluation of the Crescent system components as originally
envisioned by HELP -- as defined in the HELP/Crescent RFP and LISC's proposal. This chapter
is not an evaluation of Lockheed contractual obligations. The objective of the evaluation is:

To analyze the actual operating experience of the implemented
system to determine if the HELP defined system architecture should
be modified for continued system success, or adjusted for similar
future implementations.

Before beginning the “evaluation” the current status of the project as compared to the
beginning objectiveswasreviewed. The following providesasummary level view.

Data Callection for Highway Planning -- The Crescent computer system has been designed to
retain the appropriate data elements obtainable from WIM, AVC and AVI equipment. In addition,
the database has been designed to retain carrier, vehicle and permit data necessary to carry out the
functions envisioned in the RFP and proposed by LISC. The highway planning datais now being
collected and stored at a central location (partitioned by State).

Datato Aid Enforcement -- The Crescent computer system now records WIM and AV C data
containing gross weight, axle weight, and vehicle type. Using this data, it calculates various
bridge formulas. Only two truck typesare not being classified correctly on aconsistent basis.-- car
carriers with alow center section and nine axle combinations. The bridge formula has been
implemented and is being calculated and displayed. It can screen most trucks. Some special
configurations, such as car carriers, can not be physically recognized by the equipment. These
specia configurations can cause the system to incorrectly flag alegal truck asillegal (certainly
better than vice-a-versa). Registration, safety inspection and permit data is generally not current
and is being ignored by weigh station operators, at the present time. This problem is due mostly to
motor carriers not providing the data to the CDO on atimely basis and ultimately, to not having a
direct connection and access to state computers containing such data.



Pre-clear and Transnarent Border Clearances of Participating Motor Carriers -- The status of this
objective, from atechnical perspective, will be nearly the same as the previous objective. The
system currently can pre-clear trucks, on or off of the mainline, based on weight, type and bridge
formula. Further, the system could pre-clear based on registration, permits and safety inspections,
if the information for these areas were up-to-date in the Crescent database.

One-stop Credential and Permit Processing for Participating States and Motor Carriers -- This
objective has not been achieved. Information and data flows describing the process involved in
each of the six participating states relative to permitting procedures is documented as a separate
appendix to the overall Crescent Evaluation Report Regional permitting procedures do not exist,
and will likely be addressed after some of the intra-state issues are resolved. This objective has
been, and will be, affected by the status of the institutional barriers within and among the
participating states. However, the Crescent computer system is able to support this functionality,
when the institutional issues are resolved. For purposes of this evaluation, we believe that the
system can provide the necessary support, even though it can not be “operationally” tested at this
time.

The remainder of this chapter has been subdivided into the six categories as set forth in the
Crescent Evaluation Plan:

. Systems Architecture

. Systems Communication
. Applications Software

. Crescent Database

. Site Availability

. Data Reconciliation

Each category is described and evaluated in terms of its current status, relative to the original plan
as set forth in the RFP and the LISC Proposal.  In addition, we have provided observations, where
appropriate. Because our recommendations often involve more than one category, they are
included as Chapter 3 -- Summary and Recommendations



SYSTEMS ARCHITECTURE

The Crescent System Architecture is hierarchical in nature. Information is collected at the
sitelevel, passed to the state level and finally recorded at the regional level (except for Oregon data
which is first uploaded to a non-Crescent state computer and then later to the regional Crescent
data base). Figure 2-| illustrates the data flow as proposed and implemented by LISC. As of July
23, 1993, there were 35 sites included in the project. Approximately 81% were considered
functional (taken from the Site Status Report of July 23). These sites account for approximately
500,000 events per week -- WIM, AVC and AVI records.

The basic hardware architecture is depicted in Figure 2-2. |t features Motorola Delta Series
3000 computers at the state and regional level and Everex 386120 computers at weigh stations and
port-of-entry sites. The systems operate under the UNIX Operating System -- selected to satisfy
the portability requirements of the HELP/Crescent RFP  There are four (4) Motorola computersin
the architecture -- one for the regional system and three for the state systems. Each state system is
partitioned to process two states. The state computers are connected to mainline (unattended) sites
via 9600 baud modem and to weigh stations via 19.2 kilo baud leased lines.

The Crescent System was developed under the INFORMI X data base management system.
The software was developed using INFORMIX's 4GL language and the C Programming
Language. C Programming was used primarily for data conversion and input/output processing.

All four systems are collocated at the LISC CDO facility in Santa Clara, California, Motor
carrier and vehicle datais entered from Crescent registration forms and updates, when provided by
motor carriers. Permit and inspection data is not currently entered. WIM, AVC and AVI datais
collected from mainline and weigh station sites by the Crescent state computers every two hours.
The state computers poll each site and upload the necessary data. Asindicated earlier, data from
Oregon sites is processed differently. The sites are polled by the State’s own non-Crescent
computer and sometime later, the information is transferred to the regional computer located at the
CDO. This unique procedure has caused some apparent discrepanciesin reports to motor carriers
and others, on occasion. It also emphasizes the most likely barrier to attempting to standardize a
system such as the Crescent System - institutional barriers.



Figure 2-1
Crescent System Data Flow
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Figure 2-2

Crescent System Hardware Architecture
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The system, as developed, supports the HEL P/Crescent functions that have been
implemented during the demonstration. WIM, AVC and AV equipment have been successfully
interfaced and the datais being correctly processed (by the Crescent computer systems) by weigh
station computers, and by the state and regional computers. Data from mainline sitesis being
uploaded and processed routinely with some communications problems being encountered. The
communications problemsthat have been encountered have primarily been with thoselinking some
rural sites. Response times related to reporting features occasionally are unacceptable. This
generally occurs when multiple users are accessing the same data files. These problems are
discussed below under Systems Communi cationsand Application Software.

Overall, the current system is, or could be, performing the processing functions that were
required by the RFP and proposed by LISC. Clearly, the Crescent computer system can collect
and store information from the installed WIM, AVC and AVI equipment in five of the states and
can accept downloaded data from Oregon’s computer -- although some scheduling improvements
could be made. With enough vehicles and sites in the program, truck weights, truck classifications
and origin/destination data could be collected and analyzed as part of the highway planning
process. Because permit and inspection data has not been loaded into the Crescent database, and
because registration data is not being provided to the CDO on atimely basis, weigh station sites
often receive messages from the system indicating various violations. The weigh station operators
understand the problem is often alack of data, not area violation. The processing and messaging
provided by the system clearly demonstrates that pre-clear and transparent border processing could
be effectively accomplished at sites configured like Santa Nella, California.  If the data were
correctly loaded into the Crescent database and updated on atimely basis, the system would aid
truck violation enforcement at weigh stations and provide a means for follow-up when violations
are recorded at mainline Sites.

Based on these comments, we assess that the system is clearly able to support three of the
four Crescent System objectives-- data collection for highway planning; pre-clear and transparent
border processing; and providing datato aid enforcement. The last objective -- one-stop shopping
for credentials and permits - could not be demonstrated well enough to provide a clear assessment
of the system’s ability to support it. The system appears to be able to support the output side of the
function, as indicated by the comments above. The input functions could be so significantly
complicated that some redesign would be necessary to ensure that Crescent database updates
reached the regional, state and site computer systemsin and efficient and timely manner and that
the data was accurate enough to support appropriate clearance and enforcement goals.

1



SYSTEMS COMMUNICATIONS

The current communications architecture is telephone line based. Communications between
weigh stations and the CDO are 19.2 kilo baud leased lines (except in Oregon). Dial-up modems
are used by the CDO to access and upload information from mainline sites (except in Oregon).
These modems operate at 9600 baud. Dial-in access to the Crescent database is provided to states
and motor carriers through similar 9600 baud modems. Communications between the three state
computers and the regiona system is provided by the CDO loca area network (LAN).
Communications between the Oregon DOT (ODOT) and the CDO s viaan SNA/RJE link using
phone lines. The ODOT - CDOIink is needed in order to provide the CDO with ODOT’s site
(weight station and mainline) data. This datais collected by ODOT and then uploaded to the
Crescent system. Communications between mainline sensors and collocated weigh stations, as
well as those between the weigh stations and appropriately configured vehicles, is accomplished
using low power radio frequency (RF) communications. These units, designed and built by LISC,
have only recently been deployed at a few sites.

Communications between several sites hasbeen problematic. The problems have generally
been due to poor phone lines, primarily in rural areas. Compounding the line problem is the
apparent delays encountered in finding and correcting the problem -- often taking months to
completely correct the problem These problems have resulted in significant “down time” of some
sites and therefore loss (non-reporting) of site data.

When the communications are operating properly, the transmission speeds, protocols and
polling schedul es have been acceptable for the current level of testing. As new sites are added and
more timely data is required for enforcement activities, communications resource demands will also
increase. Further, in atruly operationa environment, current line failure rates will not be
acceptable. The elapsed time between failure and repair will also become unacceptable.

Although not implemented, “one-stop shopping”, if incorporated into the system
effectively, could place new, and different, demands on communications. The ultimate system
would feature real-time query capabilities of various state or regional databases with expected
response time of 5 - 10 seconds, or less. Since the benefits of “one-stop shopping” could be
significant to both states and motor carriers (the true users of the system), its development should
be carefully considered. In fact, we would speculate that failure of this function to provide
advertised benefits could adversely impact the overall Commercial Vehicle Operations (CVO)
program envisioned under the national Intelligent Vehicle-Highway Systems (IVHS) program. As
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the “one-stop shopping” scenario develops, consideration of additional, and likely different,
communications strategies will be required.

APPLICATIONS SOFTWARE

The following comments are intended to encompass the software components used to
acquire vehicle data from sensors and the Oregon mainframe, to store the data in the Crescent
database, and to provide users (state, motor carriers, weigh station sites and the CDO) with
retrieval access and report production capabilities.

The underlying software architecture of the Crescent System includes the INFORMIX Data
Base Management System (DBMS) operating under the UNIX Operating System environment and
the C Programming Language. INFORMIX features a powerful Fourth Generation Language
(4GL) capahility. This shortens development time as well as normal enhancement and system
maintenancetime. The release version of INFORMIX currently being used istwo releases behind
the current release and yet another release isimminent. At the time of this report, LISC was
investigating the effort and processing necessary to effect an upgrade to the new release. The
UNIX Operating System was selected in response to the requirement for portability of the software
asexpressed in the RFP. At the time of development of the system, as today, UNIX applications
can be “ported” to many hardware architectures. Present technology offers other comparable
architectures. The C Programming Language was used to supplement the 4GL when special
processing was required; specifically, for data conversion (site data format to host data base
format) and for input/output process handling (again, primarily site related processing). The
application system is considered to be modular -- more than 60 modul es comprise the system

From a user perspective, the system is menu driven and generally user friendly within the
menu structure.  Some inconsistencies in the user interface do exist, but are considered minor as
little effort would be required modify the interfaces. All parameters used by the system are
contained in user-modifiable tables thus easing updates to the system as well as overall system
maintainability. Reports are provided through query screens. Some queries take up to several
minutes to process, especially if more than one user is accessing the same data tables within the
system. Response time and access collision problems are expected to be eliminated after the
INFORMIX DBMS upgrade.

13



Several reports were specificaly called out in the Crescent System RFP. All of these
reports have been implemented.  Additional reports requested by various users were also
developed by LISC -- often at their own expense. The project did not include tasks to design and
develop reports beyond those specified in the RFP. Because there have been few actua “users’ of
the system (approximately 10 motor carriers and only a couple of the states), areview of the
usefulness of the current reports would not be complete. As the Crescent System continues to
evolve, it would be very beneficial to involve state, motor carrier and weigh station site personnel
in areport design and development effort

Software design documentation was judged to be very basic. Future effortson this project,
or similar projects, should adopt a more structured systems development methodology -- a
methodology focused on not only documenting the design, but also facilitating the enhancement
and maintenance activitiesthat areinherent in every computer system. Thisis critical as 60%70%
of al system life cycle costs are incurred subsequent to system implementation.

CRESCENT DATABASE

The Crescent database contains more than 500 data elements. It was designed to record
data about motor carriers, vehicles, permits, and inspections, as well as data captured by WIM,
AVC and AVI sensors. The data base was implemented under the INFORMIX DBMS as was

described above.

Data elements related to various permits, inspections and “good guy/bad guy” flags are
empty as the data has not been available during the demonstration period. At the time of the
review, only afew users were accessing the data base via modem dial-up. Approximately ten (10)
motor carriers of 89 are considered “regulars’. Only afew state representatives are accessing the
data on an infrequent basis. This lack of user activity does not indicate that the data base
architecture is at fault. Rather, based on comments obtained from various motor carrier users by
WHI, there is major concern about the accuracy and consistency of the data. These problems can
generaly be attributed to the degree of calibration done (or not done) on the WIM, AVC and AVI
sensor equipment.  Specific comments regarding use of the data base may be found in the WHI
material provided in Appendix E to the Crescent Final Report

The data base system includes SQL and query-by-example technologies. Both are
appropriate for the target user base and should be retained in future enhancements and

14



implementations. Query-by-exampleis generally more successful for the average user. SQL is
more appropriate for the more sophisticated user or the local “guru” tasked to develop special
reports or answer specific, complex and non-recurring questions using the data base. Current
response time problems encountered periodically by users was discussed earlier.

SITE AVAILABILITY

In general, sites not experiencing communications problems appear to have good
availability profiles from a computer processing perspective. Where data is not reaching the
Crescent data base, it is due mostly to hardware failure related to the WIM, AV C or AVI equipment
or to physical problemsrelated to the installation of the WIM, AV C and/or AVI components.
Although much progress has been made in resolving some of these problems, many instances of
partial or non- functional sites still exist. Any assessment of site availability made at thistime
would be premature. The sites need to reach a full operational status and be “accepted” as
operationa before such an evaluation can begin.

DATA RECONCILIATION

Reconciliation between the central system and the sites is accomplished through total file
replacement, as necessary. Detection of problems is done manually. File replenishment is a
manual process and is generally performed every 3 to 6 months depending on the site and the
problems encountered. As would be expected, the frequency is related primarily to
communications reliability, so sitesin rural areas experiencing communications problems are
generally replenished most often. Because the state computers were collocated with the regional
computer, reconciliation was not an issue. Local file transfers could be done and monitored for
success, rea-time. The issues or problems likely to be encountered when entering permit and
safety data, as well as updating registration data, were not really tested during the demonstration.
Detection of data synchronization problems must be enhanced and its correction automated, where
possible. Centralization of some of the Crescent database would significantly ease and simplify
this problem area,

15



CHAPTER 3. SUMMARY AND RECOMMENDATIONS

In summary, we believe that from a technical perspective the Crescent System, as
implemented has successfully demonstrated its ability to support three of the four major objectives
of the project -- data collection for highway planning; pre-clear and transparent border processing;
and providing data to aid enforcement. Further, portions of the “one-stop shopping” objective
have been successfully demonstrated, from a computer processing perspective. True “one-stop
shopping” must be better defined and the system tested against that definition before a real

assessment can be made.

From an overall perspective, the system has been devel oped with input from avery limited
group of stakeholders. Clear benefits to al stakeholders would be difficult to demonstrate given
the current status of the system. Some problem areas, both technical and institutional, must be
addressed and resolved. In fact, we believe that a complete and valid assessment, from an
Operational Test perspective, can not be performed at this time. The “system” needs some
additional shake-out period (perhaps 6- 12 months) before being ready for atrue Operational Test.
None the less, a significant number of lessons have been learned during the research and
demonstration period. Based on these lessons, we provide the following list of recommendations
for consideration. Each recommendation is further described bel ow.

Upgradethe System Hardware Architecture

Centralize the Crescent Database and Provide States with Ap&propriate Access
Evaluate Re-engineering of the Crescent System rather than Continued Enhancement
Conduct User Reporting Requirements Analysis

Document Optimal Weigh Station Site Design based on Crescent Experience
Evaluate the use of Emerging Technologies, such as SMART Cards

Conduct aCommunications Strategy A ssessment

Update System Documentation to an “ As-built” Specification

Address the Ingtitutional Barriers that may Hinder Technological Solutions

® & &6 & & & & o 0

Upgrade the Sydem Hardware Architecture -- The advancements in hardware architecture over the

last severa years have been astounding. In fact, significant advancements have also occurred in
communications and data base management system products. It is time to review the overal
architecture of the Crescent System. LISC has already conducted some preliminary assessments,
internally. We would encourage a more comprehensive analysis be conducted based on currently
available architectures and the future requirements and objectives of the Crescent program.
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Centralize the Crescent Database and Provide States with Appropriate Access -- The concept of
Regional versus State computer systems warrants discussion in several areas. Although the
computer hardware resides in one physical location today, it could have been dispersed to the six
states and al would have operated in nearly the same fashion -- the only exception would have
been data transfers between the individual state computers and the regional computer. Since the
state and regional computers were collocated, this transfer caused very few problems. Had
communications lines been involved, perhaps some communications problems would have been
encountered as they were between some sites and the state compuiters.

The collocation has provided the opportunity to more carefully assess the need for separate
state level computers, from atechnical perspective. We believe that LISC sview that state level
computers are probably not needed, but rather that their functionality could be absorbed by the
regional computer iswell founded. Registration, safety and some permit datais of interest and is
needed by more than one stakeholder. WIM, AVC and AVI data also has regional use, from the
motor carriers perspective. Database reconciliation would be somewhat |ess complex -- one level
of reconciliation would have been eliminated. Concerns about data privacy are routinely addressed
under today’ s data base management systems, including the latest version of INFORMIX.
Appropriate protections and accesses can be achieved with confidence. We would recommend that
individual state computer systems be eliminated and that the regional system absorb its
functionality.

The need for timely and accurate data at weigh station sites presents a classic distributed
data base problem. Response times must be very fast (no more than 2-3 seconds) and the system
must be “up” nearly 100% of the time. The most effective way to achieve these characteristics is to
have the necessary data available on a“local” data base -- on site. The source of the carrier and
vehicle data necessary to provide pre-clear and transparent border functionality and to aid
enforcement at weigh stations will be through non-Crescent state computers or, at best, through the
regional Crescent system computer. Real-time access (2-3 second response time) to the regional
system or the various state systems will be difficult to achieve even with the best communications
strategy. Distributed data base processing is the most likely solution. Future development should
include athorough analysis of the data reguirements necessary to achieve system objectiveswithin
the context of a distributed data base architecture.
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Evaluate Re-engineering of the Crescent System rather than Continued Enhancement - Much has
been learned since the Crescent System was specified in the RFP and subsequently developed by

LISC. The system has undergone the normal development, enhancement and maintenance cycles
associated with research and development efforts. Some functions have been changed, others
retrofitted to achieve successful implementation. New functions are envisioned and technology has
undergone a revolutionary growth during the past few years. Continued enhancement and
maintenance activities may overly complicate future maintenance and enhancement activities.
Retrofitting some of the recent technological developments may represent compromise, at best.

We suggest that it may be time to review the system in light of lessons learned and current
technology. A conscious decision should be reached as to whether to continue to enhance and
maintain the existing software, or whether to consider the system a* prototype” and stepping stone
to the ultimate Crescent System. At the very least, some re-engineering of portions of the system
will likely be necessary to take advantage of new features provided by the current release of the
INFORMIX DBMS; the implementation of different communications strategies; the centralization
of the state and regional data bases, and the implementation of more sophisticated distributed data
base features to address data reconciliation problems and timeliness requirements imposed by “one-
stop shopping” requirements.

Conduct User Reporting Reguirements Anaysis - The output features of the system - user
reports and screens -- were devel oped with little input from the user community at large. This
approach was necessary in order to begin the research and demonstration efforts. However, it is
time to step back and conduct aformal design and devel opment effort focused on defining and
implementing user reporting requirements. Because computer systems are usually best measured
by the usefulness of the outputs, the importance of this effort can not be overemphasized. This
may be the only way to expand the current user base and achieve acceptance of the Crescent
concept by al stakeholders.

Document Optimal Weigh Station Site Design based on Crescent Experience -- The project has
included implementations under various site designs. Some designs pre-date the project, some

evolved in parallel and afew were directly affected by the project (Santa Nella, for example). The
nature of the system demands that the “ man-machine” interface points be optimized in order to
achieve overall success. This includes the physical layout of data collection sitesin order to take
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advantage of the Crescent processing capabilities. Therefore, we believe that the lessons learned
about site configurations during the project should be documented. Further, we believe that
optimal designs can be specified for various types of sites. Early documentation and review of
these designs by engineers and systems professional's can provide valuable guidance for future site
construction, re-construction or modification. Significant reinstallation costs experienced in the
past, as well as installation of unusable configurations, can be eliminated in the future. Future sites
should be designed with Crescent technology in mind.

Related to the installation of the optimal site configuration is the issue of how often and
where to place these installations. Many of the installations were introduced at existing weigh
stations or at convenient locations along the Crescent routes. We believe that the stakeholders
should take a system-wide approach to defining the locations and types of Crescent facilitiesto be
installed and operated. Considering the technology available and the needs of the various
stakeholders, the optimal configuration can balance installation, operations and maintenance costs
with the expected benefits to be achieved, system-wide. Such a strategy provides a blueprint for
the program.

Evaluate the use of Emerging Technologies. such as SMART Cards -- New technologies, such as

read-write SMART Cards have evolved since the Crescent project began. These technologies can
provide new featuresfor the testing and implementation under the Crescent program. Carrier,
vehicle, driver, load, permit, and inspection data can be contained on such cards for access by the
appropriate sensors. Trip data, including driver logs can be automated. Under certain design
scenarios, these technologies may provide aternative means for implementing distributed data base
architectures -- the vehicles themselves may carry a portion of the data necessary for aiding
enforcement, implementing pre-clear and transparent borders applications, and providing highway
planning information.

Conduct a Communications Strategy Assessment -- Based on the experiences of the Crescent
program and the availability and affordability of differing communications options, the Crescent
team should evaluate alternative communications strategies in light of current goals of the program.
LISC has aready conducted a preliminary assessment of the benefits and costs of using satellite
communicationsin lieu of telephone lines. Perhaps the solution lies in a combination of
technologies. In any event, successful communication among the various components of the
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system isimperative for system success in the long term. Naturally, this assessment should be
performed as part of an overall design of the future Crescent System.

Update Sysem Documentation to an “ As-built” Specification -- The system design developed by
L1SC should be updated to reflect the current “as-built” condition. The design will facilitate
enhancements and maintenance activities associated with the current system and will form abasis
for system re-engineering, if assessed to be appropriate.

Addressthe Indtitutional Barriers that may Hinder Technological Solutions -- One of the early

objectives was to use the HEL P/Crescent research and demonstration project to evaluate the extent
and compl exities associated with overcoming institutional barriers. The involvement of six states,
British Columbia, private industry and the federal government has demonstrated that certain
barriers can be overcome, over time. Not to minimize the importance of the progress to-date,
significant barriers still remain. Agreements to conduct research and limited demonstration efforts
are more easily reached than the agreements necessary to implement systems or procedures that
require long term commitments of resources and cooperation. Permanent agreements often require
resolution of significant or sensitive “turf” issues. As an example, consider the complexities of
achieving “one-stop shopping” at the state level, much less at theregional or national levels. Many
organizations are involved, each with its own agenda, priorities and supporting organizational
structure. Appendix B of the Crescent Final Report provides a detailed insight into the complex
structures within the six states. “ One-stop shopping” will only become a reality through a
dedicated, and earnest, effort by all parties -- an effort that is justified by the significant benefits
that can be achieved by al stakeholders,  successful.
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