
AUTHORS

DETAILS

Distribution, posting, or copying of this PDF is strictly prohibited without written permission of the National Academies Press.  
(Request Permission) Unless otherwise indicated, all materials in this PDF are copyrighted by the National Academy of Sciences.

Copyright © National Academy of Sciences. All rights reserved.

THE NATIONAL ACADEMIES PRESS

Visit the National Academies Press at NAP.edu and login or register to get:

–  Access to free PDF downloads of thousands of scientific reports

–  10% off the price of print titles

–  Email or social media notifications of new titles related to your interests

–  Special offers and discounts





BUY THIS BOOK

FIND RELATED TITLES

This PDF is available at    SHAREhttp://nap.edu/23155

Technologies for Improving Safety Data

102 pages |  | PAPERBACK

ISBN 978-0-309-42174-4 | DOI 10.17226/23155

http://nap.edu/23155
http://www.nap.edu/related.php?record_id=23155
http://www.nap.edu/reprint_permission.html
http://nap.edu
http://api.addthis.com/oexchange/0.8/forward/facebook/offer?pco=tbxnj-1.0&url=http://www.nap.edu/23155&pubid=napdigops
http://www.nap.edu/share.php?type=twitter&record_id=23155&title=Technologies+for+Improving+Safety+Data
http://api.addthis.com/oexchange/0.8/forward/linkedin/offer?pco=tbxnj-1.0&url=http://www.nap.edu/23155&pubid=napdigops
mailto:?subject=null&body=http://nap.edu/23155


TRANSPORTATION RESEARCH BOARD
WASHINGTON, D.C.

2007
www.TRB.org 

NAT IONAL  COOPERAT IVE  H IGHWAY RESEARCH PROGRAM

NCHRP SYNTHESIS 367

Research Sponsored by the American Association of State Highway and Transportation Officials 
in Cooperation with the Federal Highway Administration

SUBJECT AREAS

Planning and Administration, and Safety and Human Performance

Technologies for Improving
Safety Data

A Synthesis of Highway Practice

CONSULTANT

JENNIFER HARPER OGLE

Clemson University

Clemson, South Carolina

Technologies for Improving Safety Data

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23155


NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM

Systematic, well-designed research provides the most effective
approach to the solution of many problems facing highway
administrators and engineers. Often, highway problems are of local
interest and can best be studied by highway departments
individually or in cooperation with their state universities and
others. However, the accelerating growth of highway transportation
develops increasingly complex problems of wide interest to
highway authorities. These problems are best studied through a
coordinated program of cooperative research.

In recognition of these needs, the highway administrators of the
American Association of State Highway and Transportation
Officials initiated in 1962 an objective national highway research
program employing modern scientific techniques. This program is
supported on a continuing basis by funds from participating
member states of the Association and it receives the full cooperation
and support of the Federal Highway Administration, United States
Department of Transportation.

The Transportation Research Board of the National Academies
was requested by the Association to administer the research
program because of the Board’s recognized objectivity and
understanding of modern research practices. The Board is uniquely
suited for this purpose as it maintains an extensive committee
structure from which authorities on any highway transportation
subject may be drawn; it possesses avenues of communications and
cooperation with federal, state, and local governmental agencies,
universities, and industry; its relationship to the National Research
Council is an insurance of objectivity; it maintains a full-time
research correlation staff of specialists in highway transportation
matters to bring the findings of research directly to those who are in
a position to use them.

The program is developed on the basis of research needs
identified by chief administrators of the highway and transportation
departments and by committees of AASHTO. Each year, specific
areas of research needs to be included in the program are proposed
to the National Research Council and the Board by the American
Association of State Highway and Transportation Officials.
Research projects to fulfill these needs are defined by the Board, and
qualified research agencies are selected from those that have
submitted proposals. Administration and surveillance of research
contracts are the responsibilities of the National Research Council
and the Transportation Research Board.

The needs for highway research are many, and the National
Cooperative Highway Research Program can make significant
contributions to the solution of highway transportation problems of
mutual concern to many responsible groups. The program,
however, is intended to complement rather than to substitute for or
duplicate other highway research programs.

Published reports of the 

NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM

are available from:

Transportation Research Board
Business Office
500 Fifth Street, NW
Washington, DC 20001

and can be ordered through the Internet at:
http://www.national-academies.org/trb/bookstore

Printed in the United States of America

NCHRP SYNTHESIS 367

Project 20-5 (Topic 36-03)
ISSN 0547-5570
ISBN 978-0-309-09785-7
Library of Congress Control No. 2007925774

© 2007 Transportation Research Board

COPYRIGHT PERMISSION

Authors herein are responsible for the authenticity of their materials and for
obtaining written permissions from publishers or persons who own the
copyright to any previously published or copyrighted material used herein. 

Cooperative Research Programs (CRP) grants permission to reproduce
material in this publication for classroom and not-for-profit purposes.
Permission is given with the understanding that none of the material will be
used to imply TRB, AASHTO, FAA, FHWA, FMCSA, FTA, or Transit
Development Corporation endorsement of a particular product, method, or
practice. It is expected that those reproducing the material in this document
for educational and not-for-profit uses will give appropriate acknowledgment
of the source of any reprinted or reproduced material. For other uses of the
material, request permission from CRP.

NOTICE

The project that is the subject of this report was a part of the National
Cooperative Highway Research Program conducted by the Transportation
Research Board with the approval of the Governing Board of the National
Research Council. Such approval reflects the Governing Board’s judgment that
the program concerned is of national importance and appropriate with respect
to both the purposes and resources of the National Research Council.

The members of the technical committee selected to monitor this project and
to review this report were chosen for recognized scholarly competence and
with due consideration for the balance of disciplines appropriate to the project.
The opinions and conclusions expressed or implied are those of the research
agency that performed the research, and, while they have been accepted as
appropriate by the technical committee, they are not necessarily those of the
Transportation Research Board, the National Research Council, the American
Association of State Highway and Transportation Officials, or the Federal
Highway Administration, U.S. Department of Transportation.

Each report is reviewed and accepted for publication by the technical
committee according to procedures established and monitored by the
Transportation Research Board Executive Committee and the Governing
Board of the National Research Council.

NOTE: The Transportation Research Board of the National Academies, the
National Research Council, the Federal Highway Administration, the American
Association of State Highway and Transportation Officials, and the individual
states participating in the National Cooperative Highway Research Program do
not endorse products or manufacturers. Trade or manufacturers’ names appear
herein solely because they are considered essential to the object of this report.

Technologies for Improving Safety Data

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23155


The National Academy of Sciences is a private, nonprofit, self-perpetuating society of distinguished schol-
ars engaged in scientific and engineering research, dedicated to the furtherance of science and technology 
and to their use for the general welfare. On the authority of the charter granted to it by the Congress in 
1863, the Academy has a mandate that requires it to advise the federal government on scientific and techni-
cal matters. Dr. Ralph J. Cicerone is president of the National Academy of Sciences.

The National Academy of Engineering was established in 1964, under the charter of the National Acad-
emy of Sciences, as a parallel organization of outstanding engineers. It is autonomous in its administration 
and in the selection of its members, sharing with the National Academy of Sciences the responsibility for 
advising the federal government. The National Academy of Engineering also sponsors engineering programs 
aimed at meeting national needs, encourages education and research, and recognizes the superior achieve-
ments of engineers. Dr. William A. Wulf is president of the National Academy of Engineering.

The Institute of Medicine was established in 1970 by the National Academy of Sciences to secure the 
services of eminent members of appropriate professions in the examination of policy matters pertaining 
to the health of the public. The Institute acts under the responsibility given to the National Academy of 
Sciences by its congressional charter to be an adviser to the federal government and, on its own initiative, 
to identify issues of medical care, research, and education. Dr. Harvey V. Fineberg is president of the 
Institute of Medicine.

The National Research Council was organized by the National Academy of Sciences in 1916 to associate 
the broad community of science and technology with the Academy’s purposes of furthering knowledge and 
advising the federal government. Functioning in accordance with general policies determined by the Acad-
emy, the Council has become the principal operating agency of both the National Academy of Sciences 
and the National Academy of Engineering in providing services to the government, the public, and the 
scientific and engineering communities. The Council is administered jointly by both the Academies and 
the Institute of Medicine. Dr. Ralph J. Cicerone and Dr. William A. Wulf are chair and vice chair, 
respectively, of the National Research Council.

The Transportation Research Board is a division of the National Research Council, which serves the 
National Academy of Sciences and the National Academy of Engineering. The Board’s mission is to promote 
innovation and progress in transportation through research. In an objective and interdisciplinary setting, 
the Board facilitates the sharing of information on transportation practice and policy by researchers and 
practitioners; stimulates research and offers research management services that promote technical 
excellence; provides expert advice on transportation policy and programs; and disseminates research 
results broadly and encourages their implementation. The Board’s varied activities annually engage more 
than 5,000 engineers, scientists, and other transportation researchers and practitioners from the public and 
private sectors and academia, all of whom contribute their expertise in the public interest. The program is 
supported by state transportation departments, federal agencies including the component administrations of 
the U.S. Department of Transportation, and other organizations and individuals interested in the 
development of transportation. www.TRB.org

www.national-academies.org

Technologies for Improving Safety Data

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23155


NCHRP COMMITTEE FOR PROJECT 20-5

CHAIR
GARY D. TAYLOR, CTE Engineers

MEMBERS
THOMAS R. BOHUSLAV, Texas DOT
DONN E. HANCHER, University of Kentucky
DWIGHT HORNE, Federal Highway Administration
YSELA LLORT, Florida DOT
WESLEY S.C. LUM, California DOT
JAMES W. MARCH, Federal Highway Administration
JOHN M. MASON, JR., Pennsylvania State University
CATHERINE NELSON, Oregon DOT
LARRY VELASQUEZ, New Mexico DOT
PAUL T. WELLS, New York State DOT

FHWA LIAISON
WILLIAM ZACCAGNINO 

TRB LIAISON
STEPHEN F. MAHER

COOPERATIVE RESEARCH PROGRAMS STAFF
CHRISTOPHER W. JENKS, Director, Cooperative Research Programs
CRAWFORD F. JENCKS, Deputy Director, Cooperative Research

Programs
EILEEN DELANEY, Director of Publications

NCHRP SYNTHESIS STAFF
STEPHEN R. GODWIN, Director for Studies and Special Programs
JON WILLIAMS, Associate Director, IDEA and Synthesis Studies
GAIL STABA, Senior Program Officer
DONNA L. VLASAK, Senior Program Officer
DON TIPPMAN, Editor
CHERYL KEITH, Senior Program Assistant

TOPIC PANEL
BRADFORD FOLEY, Maine Department of Transportation
DAVID HARKEY, University of North Carolina–Chapel Hill
JOHN P. MILLER, Missouri Department of Transportation
RICHARD PAIN, Transportation Research Board
MANU G. SHAH, Hanover, Maryland
ELIZABETH WEMPLE, Kittelson & Associates, Inc.
JOHN WOLF, California Department of Transportation
CHARLES A. AIKEN, Federal Highway Administration (Liaison)
RICHARD STEWART, National Highway Traffic Safety 

Administration (Liaison)

ACKNOWLEDGMENTS

Valuable assistance for this report wasprovidedbyMashrur Chowdhury,
Ph.D.; Wayne Sarasua, Ph.D.; and Erin Brinton, all of Clemson University.

Technologies for Improving Safety Data

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23155


Highway administrators, engineers, and researchers often face problems for which infor-
mation already exists, either in documented form or as undocumented experience and prac-
tice. This information may be fragmented, scattered, and unevaluated. As a consequence,
full knowledge of what has been learned about a problem may not be brought to bear on its
solution. Costly research findings may go unused, valuable experience may be overlooked,
and due consideration may not be given to recommended practices for solving or alleviat-
ing the problem.

There is information on nearly every subject of concern to highway administrators and
engineers. Much of it derives from research or from the work of practitioners faced with
problems in their day-to-day work. To provide a systematic means for assembling and eval-
uating such useful information and to make it available to the entire highway community,
the American Association of State Highway and Transportation Officials—through the
mechanism of the National Cooperative Highway Research Program—authorized the
Transportation Research Board to undertake a continuing study. This study, NCHRP Proj-
ect 20-5, “Synthesis of Information Related to Highway Problems,” searches out and syn-
thesizes useful knowledge from all available sources and prepares concise, documented
reports on specific topics. Reports from this endeavor constitute an NCHRP report series,
Synthesis of Highway Practice.

This synthesis series reports on current knowledge and practice, in a compact format,
without the detailed directions usually found in handbooks or design manuals. Each report
in the series provides a compendium of the best knowledge available on those measures
found to be the most successful in resolving specific problems. 

FOREWORD
By Staff 

Transportation 
Research Board

This synthesis will be of interest to state transportation agency personnel, as well as to
others who work with them in the area of safety. It provides information for state depart-
ments of transportation (DOTs) on new technologies for the acquisition, processing, and
overall management of crash, roadway inventory, and traffic operations data. The objective
was to summarize the current state-of-the-practice and state-of-the-art use of technologies
for efficient and effective collection and maintenance of data for highway safety analysis.
Information is presented about the U.S.DOT developing new safety and analysis tools to
help state DOTs identify safety problems and countermeasures to increase highway safety.
States are limited in their abilities to make informed decisions about the allocation of scarce
safety resources because many states lack the database elements and linkages between data-
bases to compile the data sets required by the new safety analysis tools. 

This synthesis effort contains information received from three individual surveys, devel-
oped to gather state-level information about the core safety data areas—crash, traffic oper-
ations, and roadway inventory. These surveys yielded approximately 60 returns from 
34 different state DOTs and, along with a literature review, Internet search, and follow-up
telephone contacts and interviews, generated the information used in this synthesis. 

Jennifer Harper Ogle, Clemson University, Clemson, South Carolina, collected and syn-
thesized the information and wrote the report. The members of the topic panel are acknowl-
edged on the preceding page. This synthesis is an immediately useful document that records
the practices that were acceptable within the limitations of the knowledge available at the
time of its preparation. As progress in research and practice continues, new knowledge will
be added to that now at hand.

PREFACE
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With an increased focus on safety, the U.S.DOT, specifically FHWA, has developed new
safety analysis tools to help state departments of transportation identify safety problems and
potential countermeasures to increase the safety of their highways. Consequently, the devel-
opment of the safety analysis tools has introduced a new set of requirements for safety data,
such as detailed road design data and comprehensive traffic volume data. Safety data are no
longer merely crash data, but rather a system of interconnected databases featuring roadway
characteristics, roadside features, traffic operations, and driver and vehicle history in addition
to crash data. Unfortunately, many states currently lack the database elements and linkages
between databases to compile the data sets required by the new analysis tools, which can limit
the states’ ability to make informed decisions regarding allocation of scarce safety funds.

In part, the inadequacies of state safety data systems often result from the distributed
nature of the data collection and maintenance functions. There are three primary data
sources required for most of the aforementioned safety analysis tools; data related to the
crash, roadway, and traffic. In each state, there may be multiple levels within an agency or
even multiple agencies involved in collecting, maintaining, and analyzing the primary data
sources. Limited agency budgets also play an important role in decisions regarding data col-
lection, storage, and processing. State Traffic Records Assessments, promoted by NHTSA and
FHWA, indicate that crash reporting thresholds are increasing, although the total number of
crash data elements being collected is decreasing. These changes are often the result of the
budget constraints facing most public agencies.

In August 2005, the authorization of the highway bill SAFETEA-LU once again placed
highway safety at the forefront of government’s focus on transportation. Section 148 created
a new core safety infrastructure grant program providing for safety conscious planning and
data system improvements. Under the new bill, each state must develop a Strategic Highway
Safety Plan and implement a Highway Safety Improvement Program that will identify safety
problems and opportunities, be data driven, and coordinate with other highway safety pro-
grams in the state. SAFETEA-LU requires states to have in place a crash data system with
the ability to perform safety problem identification and countermeasure analysis on all pub-
lic roads.

Given the new set of safety data requirements, the current state of safety program coordi-
nation and safety data systems, and the Highway Safety Improvement Program requirements
mandated in the SAFETEA-LU reauthorization, highway safety programs are once again at
a crossroad. There is an urgent need to improve the efficiency of the data collection, pro-
cessing, and evaluation required for successful safety programs at the state and municipal
levels. SAFETEA-LU funding levels should provide a good foundation for the changes that
need to occur, although many states will require much higher levels of funding to make the
necessary improvements in data systems. To bridge the gap from system inadequacies to
effective safety data, states will have to turn to more efficient and effective technologies to
attain a sustainable data collection and maintenance system. This synthesis provides infor-
mation on new technologies for the acquisition, processing, and overall management of
crash, roadway inventory, and traffic operations data.

SUMMARY

TECHNOLOGIES FOR IMPROVING SAFETY DATA
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The objective of this synthesis was to summarize the current state-of-the-practice and
state-of-the-art utilization of technologies for efficient and effective collection and mainte-
nance of data for highway safety analysis. Technologies have been suggested by previous
research reports as providing a means by which to overcome many of the limitations sur-
rounding safety data. This synthesis documents a number of successful implementations of
technologies whereby the following measures of safety data were improved:

• Timeliness, 
• Accuracy, 
• Completeness, 
• Comprehensiveness, 
• Efficiency, and 
• Integration.

A multifaceted approach was used to define safety data requirements and identify tech-
nological solutions that enhance these safety data measures. Six specific tasks were under-
taken:

1. Examination of new safety analysis tools to identify data requirements.
2. A survey of states to determine compliance with identified data requirements (crash,

roadway inventory, and traffic operations) and to discern types of technologies used to
collect, process, and manage the three types of data, as well as the extent of their use.
Of the 150 surveys distributed, approximately 60 from 34 different states were returned. 

3. A follow-up with states to ascertain additional information or clarify information on
technology use.

4. Development of a matrix of available technologies to support collection, processing,
and maintenance within the three primary data categories.

5. Completion of a literature search on technologies identified from the survey, general
knowledge of the area, and through suggestions from the research review panel.

6. Development of a matrix matching technologies to specific data requirements to guide
agencies seeking to employ new technologies to support safety information systems.

The survey of states indicated that federally mandated data programs such as those for
bridges, railroad crossings, and highway performance have a strong effect on states’ com-
prehensive collection of data. Fewer than half of the states responding indicated having col-
lection systems for geometric elements for items such as horizontal and vertical curvature—
design elements with known relations to safety. Although numerous data systems exist, few
states reported using new technologies or undertaking efforts to research new methods for
data collection and maintenance. Surprisingly, a number of the data elements are still being
collected with pen and paper. Most states responded positively to having geographic infor-
mation systems; however, the linear referencing systems and archival systems in widespread
use have considerable limitations. A number of states indicated capture of electronic crash
reports, but few had widespread use throughout the state.

The survey and literature search uncovered many technologies currently in existence that
can provide numerous efficient means in safety data acquisition, processing, and management.
Unfortunately, many of these technologies are not being fully or even partially integrated into
the safety data process. The synthesis focused on the review of technologies that had been used
successfully in one or more states. The technology reviews included an array of technologies
from global positioning system receivers for crash data collection to enterprise data systems
for serving multiple data sets to an entire organization or multiple organizations.

In general, some of the technologies had limited applications, whereas others encompassed
all data types and data sources. To help agencies make use of the technology references, a
matrix of technologies and data elements has been included in the appendixes. For agencies

2
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wishing to use one of the new safety analysis tools, there are also references to which data ele-
ments relate to each of the software tools. Although the matrix will help to identify potential
technologies, a thorough evaluation of the advantages and disadvantages of each technology
will be required. For example, the choices regarding linear referencing systems and use of
dynamic versus static road characteristics databases have dramatic effects on a states’ ability to
use data systems for safety analysis. Some are much better than others, yet some choices have
positive implications for one database and negative implications for others. These choices are
difficult and must be consciously considered upfront in the design and implementation of a
safety data system.

3
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5

In 2004, 42,636 people were killed and 2,788,000 were
injured in an estimated 6,181,000 police-reported motor
vehicle traffic crashes (1). AASHTO predicts that if current
crash trends continue, “one out of every 90 children born
today will die violently in a motor vehicle crash (2). And 70
of every 100 will be injured in a highway crash at some point
in their life, many more than once.” Behavioral programs to
increase the use of safety belts and installation of roadside
appurtenances are among many diverse treatments that have
been implemented with the intent to reduce crash numbers
and severity. Although implementation of treatments such as
these has reduced crash rates considerably since the mid-
1960s, the last several years have shown little in the way of
significant reductions (1). These trends are troublesome and
have led to a revitalized focus on safety in the United States. 

BACKGROUND

With an increased focus on safety, the U.S.DOT, specifi-
cally FHWA, has developed new safety analysis tools to
help state departments of transportation (DOTs) identify
safety problems and potential countermeasures to increase
the safety of their highways. The safety analysis tools
include the Interactive Highway Safety Design Model
(IHSDM), SafetyAnalyst, and the Highway Safety Manual
(HSM). Consequently, the development of the new safety
analysis tools has introduced a new set of requirements for
safety data, such as detailed road design data and compre-
hensive volume data. Safety data are no longer simply crash
data, but rather a system of interconnected databases featur-
ing roadway characteristics, roadside features, traffic oper-
ations, and driver and vehicle history in addition to crash
data. Unfortunately, many states currently lack the database
elements and linkages between databases to compile the
data sets required by the new analysis tools, thus limiting the
states’ ability to make informed decisions regarding alloca-
tion of scarce safety funds.

For instance, during the development of the IHSDM,
researchers were limited to using data from only four states
for the development of crash prediction models. The require-
ments for data quality and comprehensive linkages between
safety-related databases left few states eligible for inclusion
in the model development. In some cases, the data had to be
compiled specifically for use in the modeling tasks. The
information necessary for developing accident models for

two-lane rural roads, in conjunction with IHSDM, was
obtained from two states: Minnesota and Washington (3).
Multiple sources, including Highway Safety Information
System (HSIS) files, photographs and video-logs, and con-
struction plans, were compiled to obtain the necessary data
for this study (3). The HSIS files contain data on accident
severity, traffic, lane width, shoulder width, and alignment
(3). In Washington State, additional horizontal and vertical
alignment, channelization, driveway density, and clear zone
data were acquired from photographs and video-logs, and in
Minnesota the same was collected from hard-copy construc-
tion plans (3). Validating this study posed further problems.
Additional years of data had to be collected and compiled
from California, Michigan, Minnesota, and Georgia (4).
Aside from the lack of comprehensive databases, the analy-
sis was impeded by the array of coding schemes used by the
different states. For example, the criteria for a crash being
“intersection-related” had to be established, because it was
coded differently in each of the four states. The consistency
of accident locations and the number of decimal places for
global positioning system (GPS) coordinates were also
issues in the Georgia data that had to be resolved before the
study could be validated (4).

In 1999, Pfefer et al. (5) conducted a study to identify areas
where improvements could be made to safety information
systems to allow designers to better address safety issues on our
highways. The study included a methodical review of safety
information requirements, accident reporting requirements,
traffic and roadway data collection systems, technology use,
and institutional issues. A number of limitations regarding the
crash, roadway, and traffic data were noted including:

• Lack of precision measurement and reporting (i.e., col-
lection of daily traffic volume without specific infor-
mation about peak-hour traffic volumes).

• Lack of automated tools (i.e., over pen-and-paper-
based forms, technology allows for more efficient and
effective collection and management of safety data).

• Inadequate coverage [i.e., traffic data collected for the
Highway Performance Monitoring System (HPMS)
does not include rural minor collectors or local roads].

• Incomplete data or missing data elements (i.e., incom-
plete data may arise owing to an oversight by the offi-
cer in the field, and missing data from noncompliance
with minimum requirements). Lack of history (i.e.,
road inventory systems are typically built on dynamic

CHAPTER ONE
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databases that are constantly updated with little or no
information saved regarding the history of the indi-
vidual elements). 

• Integration issues (i.e., inaccurate or nonexistent data ele-
ments preclude linkages between databases maintained
by different agencies).

The inadequacies of state safety data systems often result,
in part, from the distributed nature of the data collection and
maintenance functions. There are three primary data sources
required for most of the aforementioned safety analysis tools.
These are data related to the crash, roadway, and traffic. In
each state, there may be multiple levels within an agency or
even multiple agencies involved in collecting, maintaining,
and analyzing the primary data sources. Pathways for data
sharing and the development of common elements across
data sets are critical to data linkage and the ultimate value of
the data systems. Several recent reports (2, 5–11) address the
critical nature of interagency coordination and provide strate-
gies for overcoming institutional obstacles.

Limited agency budgets also play an important role in
decisions regarding data collection, storage, and processing.
State Traffic Records Assessments, promoted by NHTSA
and FHWA, indicate that crash reporting thresholds are
increasing, although the total number of crash data elements
being collected is decreasing (5); changes often a function of
the budget constraints facing most public agencies. In real-
ization of these problems, AASHTO developed a “Strategic
Highway Safety Plan” (2), which includes management as
one of the plan’s six core elements. This element focuses
on the problems associated with gathering and analyzing
crash data. The two goals associated with this element are to
(1) improve the information and decision support systems
and (2) create more effective process and safety management
systems. AASHTO views “Good . . . data” as the “backbone
of an effective safety management system” (2).

Finally, the impacts of legislation on highway safety pro-
grams are real. Under the ISTEA, each state was required to
develop a Safety Management System (SMS) (12). By 1994,
all states had developed a work plan for an SMS (9). How-
ever, in 1995, the National Highway System Designation Act
made the implementation of the SMS optional (9). With this
option, approximately half of the states decided not to imple-
ment the SMS (9). In a follow-up survey conducted in 2000
(13), 80% of states without an SMS reported that the regula-
tion’s change from required to optional was the major reason
for abandoning the efforts to implement an SMS.

The authorization of the highway bill, SAFETEA-LU, in
August 2005, once again placed highway safety at the fore-
front of government’s focus on transportation. Section 148
created a new core safety infrastructure grant program pro-
viding for safety conscious planning and data system
improvements. Under the new bill, each state must develop
a Strategic Highway Safety Plan (SHSP) and implement a

6

Highway Safety Improvement Program (HSIP) that will
identify safety problems and opportunities, be data driven,
and coordinate with other highway safety programs in the
state. The purpose of the HSIP is to identify the state’s key
safety needs and guide investment decisions to achieve sig-
nificant reductions in highway fatalities and serious injuries
on all public roads. The SHSP must address the four “E’s” of
highway safety (engineering, education, enforcement, and
emergency response). Finally, states are required to evaluate
the programs on a regular basis.

SAFETEA-LU requires states to have in place a crash
data system with the ability to perform safety problem iden-
tification and countermeasure analysis on all public roads.
SAFETEA-LU also requires states to advance their capabil-
ities for traffic records data collection, analysis, and inte-
gration with other sources of safety data (e.g., state traffic
record systems, input from police such as citations, input
from emergency service providers and highway mainte-
nance workers, motor carrier data, transit data, the FRA
inventory of highway–railroad grade crossings, medical
records, crash data research, public meetings, road invento-
ries, and driver records). States should strive to improve the
timeliness, accuracy, completeness, uniformity, integration,
and accessibility of the safety data needed to identify prior-
ities for federal, state, regional, and local highway and traf-
fic safety programs.

Given the new set of safety data requirements, the current
state of safety program coordination and safety data systems,
and the HSIP requirements mandated in the SAFETEA-LU
reauthorization, highway safety programs are once again at a
crossroad. There is an acute need to improve the efficiency
of data collection, processing, and evaluation required for
successful safety programs at the state and municipal levels.
SAFETEA-LU funding levels should provide a good foun-
dation for the changes that need to occur, although many
states will require much higher levels of funding to make
necessary improvements in data systems. To bridge the gap
from system inadequacies to effective safety data, states will
have to turn to more efficient and effective technologies to
attain a sustainable data collection and maintenance system.
This synthesis provides information on new technologies for
the acquisition, processing, and overall management of
crash, roadway inventory, and traffic operations data. 

SYNTHESIS OBJECTIVE

The objective of this synthesis was to summarize the current
state-of-the-practice and state-of-the-art use of technologies
for efficient and effective collection and maintenance of data
for highway safety analysis. Several guiding principles
helped to define the scope of the document:

1. Technology is a means by which to overcome many of
the limitations found by Pfefer et al. (5). Therefore,
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safety data systems should benefit from technologies
in terms of timeliness, accuracy, completeness, com-
prehensiveness, efficiency, and integration.

2. Technology alone cannot solve all problems associ-
ated with safety data systems, especially those related
to a lack of institutional cooperation. Organizational
issues should be addressed before considering techno-
logical advancements.

3. Technology implementation and maintenance can be
capital-intensive, requiring significant funding and
programmatic support; benefits and costs must be
clearly evident across all affected agencies. 

4. Because technologies are constantly evolving, agencies
should seek to employ technologies that allow flexibil-
ity. In addition, a practical plan for maintaining and
upgrading the technologies, as well as assessing their
continued effectiveness should be developed before
initial investment and implementation of the technology. 

5. An array of technologies should be considered because
no single technology will allow for the collection and
maintenance of the varied databases required for
safety analysis.

In light of these principles, this synthesis highlights tech-
nologies that have been successfully implemented for the
collection, processing, or management of safety-related data
with associated benefits as described earlier. Because all state
data systems are not the same, an assortment of technology
solutions is included—some of which could be used in
combination with other technologies or independently depend-
ing on specific needs of the state. The document does not con-
sider overarching issues related to institutional and financial
obstacles associated with crash data system improvements
because these have been addressed elsewhere (2, 5–11).

METHODS

A multifaceted approach was used to define data requirements
and identify technology solutions to enhance the timeliness,
accuracy, efficiency, completeness, comprehensiveness, and
integration of safety data sources. The following are six
specific focus areas for this report:

• Examine new safety analysis tools to identify data
requirements.

• Survey states to determine compliance with identified
data requirements (crash, roadway inventory, and traf-
fic operations) and to recognize types of technologies
used to collect, process, and manage the three data
types, as well as the extent of their use. 

• Follow-up with states to ascertain additional informa-
tion or clarify existing information on technology use.

• Develop a matrix of available technologies to support
collection, processing, and maintenance within the
three primary data categories.

• Complete a literature search on technologies identified
from the survey, general knowledge of the area, and
through suggestions from the research review panel. 

• Develop a matrix matching technologies to specific
data requirements to guide agencies seeking to use new
technologies to support safety information systems.

ORGANIZATION OF SYNTHESIS

Chapter two gives a brief overview of the purpose and
requirements of the new safety analysis tools, including the
IHSDM, SafetyAnalyst, and HSM. For existing tools specific
data requirements are provided, and for future tools data
requirements are generalized based on information obtained
from development teams. Additionally, current literature
contains numerous references to safety data requirements,
data systems, and implementation issues and these are also
discussed in this chapter. This chapter provides the frame-
work for the definition of technologies that can be used to sat-
isfy the requirements of the variety of safety analysis tools
that exist today, as well as those that will be available in the
near future. 

Chapter three summarizes findings from each of the three
surveys—the crash database survey, road inventory database
survey, and traffic operations database survey. In particular,
these summaries serve to identify the critical gaps between
current and required future data resources. The summaries
also highlight technologies that the states are using, and pro-
vide limited information on evaluations and implementation
issues. The complete surveys and tabulated responses are
provided in Appendixes B, C, and D.

Chapter four provides overviews of many of the new tech-
nologies currently available to improve data collection and
data maintenance activities. These overviews also contain
information obtained through the surveys and follow-up—
who is using the technology, what does it do, how accurate are
the data, what are potential implementation issues, etc.

Chapter five presents a data requirements and technologies
matrix for safety data collection. A number of technologies
have been identified to satisfy the diverse needs of various
safety analysis tools and programs. Given the individual needs
of the states, the data and technology matrix will allow the
states to identify data needs and determine groups of tech-
nologies that are available to increase the timeliness, accuracy,
completeness, comprehensiveness, efficiency, and integration
of their data sources.

The final chapter, chapter six, provides conclusions and
recommendations for further research. Some technologies,
such as geographic information systems (GIS) for data pro-
cessing and management, were identified as critical compo-
nents for effective safety data systems.
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SAFETY DATA SOURCES 

NHTSA (6) defines a state traffic records system as: 

[A] virtual system of independent real systems, which collec-
tively form the information base for the management of the
highway and traffic safety activities of a state and its local sub-
divisions. The highway safety information system comprises
the hardware, software, personnel, and procedures that capture,
store, transmit, analyze, and interpret the data in these separate
systems. The core components of this collection of indepen-
dent systems are the crash, roadway, driver, vehicle, citation/
adjudication, and injury control data systems. These are con-
sidered as core components because each is intended to repre-
sent a census of all the events appropriate to that database; e.g.,
the crash file contains records of all crashes occurring in the
state, the driver file contains records of all drivers licensed in
the state, etc. Furthermore, they are essential to provide a com-
prehensive understanding and quantification of a state’s total
highway safety problem. 

Figure 1 shows an ideal data flow schematic for HSIS (6).
Ideally, the data sources are systematically designed and
connected to share data seamlessly regardless of organiza-
tional boundaries. However, these systems actually often
operate more like islands of information than collective inter-
connected systems. Several reports (5, 7, 8, 14–16) have been
published over the last 15 years detailing the reasons for this
disparity and proposing changes in policy, institutional orga-
nization, funding, processes, and technologies to resolve the
issues. Unfortunately, a number of the same problems iden-
tified over a decade ago still exist today. 

Many of the issues related to improving state safety data
sources must be resolved by stakeholder consensus; however,
a great number of the qualitative, quantitative, and logistical
challenges can be resolved with technology solutions. There
are six clear advantages of implementing new technologies
for collecting, processing, and managing safety data:

• Timeliness, affecting how quickly safety data are
updated and made available for use; 

• Accuracy, referring to how closely recorded data repre-
sent truth;

• Completeness, indicating data quality and a require-
ment for data elements that provide linkages to other
data sources; 

• Comprehensiveness, which can be associated with a 
single data element or a data source and relates to whether
data are available for a population or only a sample; 
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• Efficiency, involving easing the burdens of data col-
lection, processing, and storage, as well as limiting
duplicative actions and data repositories; and 

• Integration, providing interconnections between all of
the data sources. 

These six advantages are all qualities of the data or
system that can be realized using technologies. There are
other desirable qualities such as consistency and accessi-
bility that are important, but are more closely aligned with
policy and organizational directives than technologies.
From a data perspective, consistency may refer to confor-
mity with nationally accepted data standards or uniformity
of elements collected by varying reporting jurisdictions.
There are several standards and guideline documents that
can be referenced for consistency of crash data including:

• Model Minimum Uniform Crash Criteria (MMUCC). 
• Manual on Classification of Motor Vehicle Traffic

Accidents, 6th Ed., ANSI D16.1-1996. 
• Data Element Dictionary for Traffic Records Systems,

ANSI D20.1-1993. 

Similar guidelines are currently under development for road-
way and traffic data to accompany those crash data. These
efforts are associated with the development of IHSDM,
SafetyAnalyst, and the HSM. 

From a system perspective, accessibility is fundamental to
the usefulness of the databases for analysis and supporting
decision making. The information in the various databases
should be readily and easily accessible to the principal users
of the data containing interconnected crash, roadway, traffic,
and other information for both direct access and periodic out-
puts consistent with confidentiality requirements. In today’s
highly networked society, the ability to share data is hindered
primarily by institutional issues.

Referring back to Figure 1, there are six main types of data
in a safety information system: 

• Crash information,
• Roadway information,
• Vehicle information,
• Driver information,
• Citation/adjudication information, and 
• Injury control information.

CHAPTER TWO

SAFETY DATA SOURCES, ANALYSIS TOOLS, AND DATA REQUIREMENTS 
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The focus of this report is on the crash and roadway data
types. However, many of the technologies—especially those
related to crash reporting—have positive implications for data
collection and provision of linkages to the other data types.
For example, technologies that connect to tablet or laptop
computers used for electronic crash reporting in the field (i.e.,
barcode scanners and magnet strip readers) allow officers to
capture driver’s license and vehicle registration information
and automatically populate driver and vehicle information
fields. This form of automation significantly reduces the
chances of coding and keying errors that limit linkages
between the crash, vehicle, and driver information sources. 

Figure 1 also shows that roadway information is a combi-
nation of (1) road characteristic, location, and structures and
(2) traffic, pavement conditions, and ratings. For purposes of
clarity, this document distinguishes between the two types of
roadway information and presents roadway characteristic
inventory information and traffic operations information sep-
arately. All three primary data categories are defined here.

Crash Data

Crash data describe the events, vehicles, and persons involved
in a crash. The general characteristics of the crash include
the date, time, location, drivers, occupants, and vehicles
involved. Other descriptive categories are severity of the
crash (whether the crash ended in property damage only, an
injury, or a fatality) and the type of collision (right angle, rear

end, and sideswipe). The conditions of the roadway surface
and of traffic control devices are also important aspects of
crash data. According to the NHTSA Traffic Records Advi-
sory (6), crash record systems should contain at least mini-
mal information for every reportable motor vehicle crash on
any public roadway in the state. In addition to providing
information on a particular crash, a crash database supports
analysis of crash trends as well as analysis of crashes within
specific categories defined by person, location, or vehicle
characteristics. Researchers and practitioners conduct crash
data analyses to identify safety problems, evaluate solutions,
and provide direction for highway safety programs. 

Roadway Inventory Data

A roadway inventory system is a collection of roadway char-
acteristic data. It includes a list of the roads, along with road-
way location, identification, and classification. Additionally,
the inventory contains a physical description of the roadway
components, such as number of lanes, lane width, presence
of medians and shoulders, and type and presence of roadside
barriers. Photograph/video-log data may also be a part of
the roadway inventory. According to the NHTSA Traffic
Records Advisory (6), roadway inventory data should be
available for all public roads in the state under state or local
jurisdiction. Incorporation of GIS and a linear reference
system allows roadway inventory data to be referenced
spatially and linked with other information sources for ana-
lytical purposes. 

FIGURE 1 Data flow schematic for Highway Safety Information Systems (6).
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Traffic Operations Data

Traffic operations data are information gathered about
traffic conditions on the roadways. It may be collected
manually or by means of automatic traffic recorders. In
general, it encompasses all of the traffic data collected for
HPMS and from advanced traffic management operations.
The HPMS is a database that represents a selected sampling
of data to fulfill federal requirements. These data depict
exposure levels for sampled roadways and are required by
FHWA for the development of national statistics and for
allocating funding resources. Data from the traffic opera-
tions category includes traffic volumes, intersection turning
movements, speed measurements, and vehicle classifica-
tions. Traffic control devices, pavement markings, retrore-
flectivity, and sign inventories are other aspects of traffic
operations data.

Together, the data sources provide information about the
roads, people, and vehicles involved in crashes and about the
factors that may have contributed to the incident. However,
additional sources of data may also be required to control for
differences in demographic characteristics or exposure levels
of subsamples of the population. Cost information is also
considered an essential ingredient for cost–benefit evaluation
of safety-related countermeasure programs. 

SAFETY ANALYSIS TOOLS

Within SAFETEA-LU, there are new requirements for com-
prehensive HSIPs that are data-driven and encompass all
public roadways. Given these requirements, states will likely
turn to the new FHWA analysis tools to achieve better qual-
ity safety analysis and comprehensive prioritization of safety
problems. Of the three safety analysis tools (IHSDM, Safety-
Analyst, and HSM), only the IHSDM has been released for
public use. The other two safety analysis tools are still under
development, with initial releases expected within one to two
years. The tools are intended to provide users with a variety
of safety analysis options. Furthermore, the tools have been
designed to complement one another rather than duplicate
or contradict one another. The following sections provide
information on the purpose of the safety analysis tools and
provide an introduction to the analysis components and
resulting output. 

Interactive Highway Safety Design Model 

The IHSDM is a suite of software analysis tools for evalu-
ating safety and operational effects of geometric design deci-
sions on two-lane rural highways. As a decision-support tool,
it checks existing or proposed two-lane rural highway
designs against relevant design policy values and provides
estimates of a design’s expected safety and operational per-
formance. The results support decision making in the high-
way design process. 

IHSDM currently includes five evaluation modules:

• The Crash Prediction Module estimates the expected
frequency of crashes on a highway using geometric
design and traffic characteristics.

• The Design Consistency Module estimates the magni-
tude of potential speed inconsistencies to help identify
and diagnose safety concerns at horizontal curves.

• The Intersection Review Module performs a diagnostic
review to systematically evaluate an intersection design
for typical safety concerns. 

• The Policy Review Module checks highway segment
design elements relative to design policy. 

• The Traffic Analysis Module estimates operational
quality-of-service measures for a highway under cur-
rent or projected future traffic flows. 

A sixth evaluation module, the Driver/Vehicle Module,
which estimates a driver’s speed and path along a highway
and corresponding measures of vehicle dynamics, is under
development.

The IHSDM supports safety analysis of specific two-lane
road sections or corridors. The module output allows direct
comparisons of safety implications between alternative
designs for the same roadway section or corridor. Much of
the highway segment geometry data required by IHSDM are
generated during the design process within the civil design
software packages. With the objective of minimizing the
effort required to export data from these packages and import
it to IHSDM, FHWA cooperated with civil design software
vendors to develop mechanisms for data exchange. The fol-
lowing software packages are currently supported: 

• GEOPAK data can be extracted using a GEOPAK-to-
IHSDM Data Extractor.

• CAiCE data can be extracted using CAiCE’s IHSDM
Toolbox in LandXML format within Visual Roads. 

• LandXML data exported by other civil engineering
design software packages can also be imported into
IHSDM. 

Alternatively, in the absence of electronic plan/profile
information (as is the case for many existing roadways),
IHSDM allows direct entry of geometry data within the soft-
ware package. In this case, design data can be taken from
hard-copy plan sheets. Additional information, as well as the
IHSDM software, may be obtained from the website at
http://www.ihsdm.org. 

SafetyAnalyst

SafetyAnalyst is a set of software tools being developed for
use by state and local highway agencies to improve their pro-
gramming of site-specific highway safety improvements.
SafetyAnalyst will address site-specific safety improvements
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that involve physical modifications to the highway system. It is
not intended for direct application to non-site-specific highway
safety programs that can improve safety for all highway travel,
such as vehicle design improvements, graduated licensing,
occupant restraints, or alcohol and drug use programs. How-
ever, SafetyAnalyst will have the capability not only to identify
accident patterns at specific locations and determine whether
those accident types are overrepresented, but also to determine
the frequency and percentage of particular accident types
system-wide or for specified portions of the system (particular
highway segment or intersection types). This capability can be
used to investigate the need for system-wide engineering
improvements (e.g., shoulder rumble strips on freeways) and
for enforcement and public education efforts that may be effec-
tive in situations where engineering countermeasures are not.
SafetyAnalyst is comprised of six tools:

• The Network Screening Tool will identify “sites with
promise” for safety improvements. 

• The Diagnosis Tool will be used to diagnose the nature
of safety problems at specific sites.

• The Countermeasure Selection Tool will assist users in
the selection of countermeasures to reduce accident fre-
quency and severity at specific sites.

• The Economic Appraisal Tool will perform an eco-
nomic appraisal of a specific countermeasure or several
alternative countermeasures for a specific site.

• The Priority Ranking Tool will provide a priority rank-
ing of sites and proposed improvement projects based
on the benefit and cost estimates determined by the eco-
nomic appraisal tool.

• The Evaluation Tool will provide the capability to con-
duct before and after evaluations of implemented safety
improvement projects.

SafetyAnalyst will be capable of using data from existing
highway agency data files, and will also be capable of using
data from AASHTO’s planned Transportation Safety Infor-
mation Management System (TSIMS). Unlike the IHSDM
software, which operates on data for single corridors, Safety-
Analyst requires area-wide or statewide data inputs. There-
fore, the level of detail of the geometric data required for
SafetyAnalyst is far less than that required by IHSDM. On
the other hand, SafetyAnalyst requires far more crash data
and general road inventory data. For more information and
future software downloads, SafetyAnalyst can be found
online at http://www.safetyanalyst.org. 

Highway Safety Manual 

The purpose of a HSM is to provide practitioners with the
best factual information and tools to facilitate roadway
design and operational decisions based on explicit consid-
eration of their safety consequences. Currently, there are
no such widely accepted tools available for agencies
responsible for managing the safety of our roadways. As 

a result, safety considerations often carry little weight in
the project development process. When difficult choices
must be made, greater confidence is often taken in predic-
tions of such factors as cost, operational impacts, and
environmental impacts that are supported by a number of
software tools and prediction models. The Highway Safety
Manual will be an effective resource that can be used to
quantify and predict the safety performance of the variety
of elements considered in road planning, design, mainte-
nance, construction, and operation. The first version of the
HSM is anticipated to be released in 2008. More informa-
tion on the development of the HSM can be found at
http://www.highwaysafetymanual.org.

The development of all of the safety data analysis tools
will significantly influence the ability to use safety data for
decision making. However, the ability to analyze and use data
is limited if the data are not available. Thus, the development
of these safety tools is essentially driving the need for safety
data. The remainder of this chapter focuses on the data
requirements generated by the use of the three safety analysis
tools. Subsequent chapters will discuss current data collection
trends among states with respect to the impending data needs,
as well as identification of new technologies to support col-
lection, processing, and management of safety data.

SAFETY DATA REQUIREMENTS

Before delving into the data requirements for the safety
analysis tools, it is important to note that at the time this doc-
ument was written, all of the tools were still in some stage of
development. Therefore, readers should use the following
information with caution, noting that the data requirements
may be somewhat dynamic. For example, the currently avail-
able version of IHSDM only considers safety analysis for
two-lane rural roads. When the urban multi-lane updates are
available for the IHSDM, the listing of geometric design ele-
ments will most certainly change. The most obvious changes
include the requirement for the number of lanes and area
type, where previously in the rural two-lane version the num-
ber of lanes and area type is inherent. 

For all intents and purposes, the number and detail of
required data elements is only expected to increase in the
near future. The NCHRP Project 17-25 (Crash Reduction
Factors for Traffic Engineering and ITS Improvements) team
was tasked to develop the knowledge base from which the
initial edition of the HSM will be developed. After reviewing
hundreds of reports and journal articles representing more
than 100 safety treatments, only 21 treatments passed the
required thresholds for research quality and allowable error.
These findings indicate that much more research will need to
be conducted. In the meantime, researchers do not know
what other elements may be found to be significant in pre-
diction of the safety of our roadways. In many ways, this
determination is limited to data that can be obtained.
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As previously described, the safety analysis tools are very
different in their purpose and scope, which greatly affects data
requirements. Practitioners use IHSDM to analyze a specific
section of roadway and therefore the program requires very
detailed geometric design data along with minimal traffic
operations and crash data, whereas, SafetyAnalyst is a more
global analysis tool that can be used to analyze and priority
rank area-wide intersections and road segments based on pre-
dicted crashes across a wide array of functional classes and
design variables. SafetyAnalyst thus requires extensive crash
data, roadway inventory data, and traffic data for area-wide or
statewide applications. SafetyAnalyst requires only limited
geometric data. Presently, there is very little overlap between
the data requirements of the two tools. The following sections
provide a brief overview of the required data elements. Spe-
cific detailed information regarding the IHSDM data require-
ments can be found online at http://www.ihsdm.org following
links to Documentation, IHSDM User Documentation Sum-
mary, and Highway Model User’s Manual. Similar online
documentation is not currently available for SafetyAnalyst,
but was expected to become available with the public release
of the software in 2006.

Both IHSDM and SafetyAnalyst use three types of data:
roadway inventory (geometric) data, traffic operations data,
and crash data. The level of detail among the data types
varies significantly between packages. Both packages offer
separate analysis for intersections and road segments; there-
fore, within the following data requirements lists, intersec-
tions elements are cited individually. 

Interactive Highway Safety Design Model
Data Requirements

One of the first steps involved with using IHSDM is to com-
pile data describing the highway under evaluation. This may
be accomplished manually by extracting design details from
existing plan/profile sheets and entering them directly into
the software using preexisting electronic design files, col-
lecting new survey data and entering it manually, or by
developing new design files for export. In addition to the
geometric design data requirements, the IHSDM software
requires speed and volume information for the roadway
analysis section. Crash data are only required if there are
plans to calibrate the crash prediction module to achieve
more effective estimates of the crash predictions; however,
the module can be run without it. The exact data require-
ments depend on which program module(s) will be executed
and the ultimate usage of the output information.

Road Inventory (Geometric) Data 

Horizontal alignment elements include:

• Horizontal tangent—heading and length, 
• Horizontal simple curve—radius and position,

• Horizontal spiral curve—presence and position, and
• Horizontal deflection—angle and direction.

Vertical alignment elements include:

• Vertical point of intersection—back grade, back length,
forward length; 

• Vertical tangent—position and length; 
• Vertical curve—position and length; and 
• Elevations.

Cross-section elements include:

• Highway cross slope—normal crown and superelevation; 
• Pavement type; and 
• Shoulder—type, slope, side, and rounding.

Lane elements include:

• Thru lane—number and width; 
• Auxiliary lane—passing, turning, two-way left-turn,

or climbing; 
• Lane offset; and 
• Curve widening.

Roadside elements include:

• Foreslope—slope and width; 
• Backslope—slope and width; 
• Ditch—bottom shape and width; 
• Obstruction—offset, presence, and side;
• Bike facilities—presence and side; 
• Driveway density; and 
• Roadside hazard rating. 

Intersection elements include:

• Number of intersection legs,
• Type of traffic control,
• Approach type—major leg/minor leg,
• Intersection skew angle,
• Number of major road approaches with exclusive left-

turn lanes, 
• Number of major road approaches with exclusive right-

turn lanes, and
• Number of intersection quadrants with limited intersec-

tion sight distance. 

Traffic Operations Data 

The required traffic volume data can be divided into two cat-
egories: the highway segment traffic volume data and the
intersection traffic volume data. Typical elements include:

• Terrain; 
• Functional classification; 
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• Speed—design, 85th, and posted; and 
• Volume—average daily traffic (ADT), design hourly

volume, and peak hour.

Crash Data

In IHSDM, the use of actual crash history data is optional, but
desirable, to improve the overall crash prediction estimates
from the Crash Prediction Module. Values for the following
variables are needed when historical crash data are used: 

• Crash year; 
• Severity—fatal/injury or property-damage only; 
• Location; and 
• Relation to intersection—related or nonrelated, entry,

and exit legs.

SafetyAnalyst Data Requirements

Much like the data requirements for IHSDM, the requirements
for SafetyAnalyst are also separated into intersection and road-
way segment components. Recall that SafetyAnalyst is used to
analyze crashes comprehensively for statewide or area-wide
safety estimates. Therefore, the population of roadways would
be included. The comprehensive analysis approach requires a
strict intersection and segment identification system; therefore,
there are a number of required variables relating to intersection
and segment numbers and intersection and segment location.
In addition, ramps are also treated as separate analysis entities.
The following list of elements contains mandatory data ele-
ments as well as optional data elements. Optional elements are
denoted with an asterisk (*)—these elements are desirable and
will be used by SafetyAnalyst when available.

Road Inventory (Geometric) Data 

General elements include:

• Segment number,
• Route type,
• Route name or number,
• County number,
• Roadway segment location,
• Highway system code,
• Segment length,
• District number,*
• City/town number,*
• Jurisdiction,*
• Area type, and
• Date opened to traffic.*

Cross-section elements include:

• Thru lanes—number (dir) and width,*
• Auxiliary lanes—number (dir),*

• Median—type and width,* and 
• Shoulder—type and width.*

Roadside elements include:

• Bike facilities—presence and 
• Driveway density.*

Intersection elements include:

• Intersection location, 
• Type of intersection,
• Type of traffic control, 
• Major road direction, 
• Influence zone—beginning and end, 
• Offset intersection—presence and distance,
• Intersection leg

– Direction
– Number of lanes—thru, right-turn, left-turn
– Median type
– Signal—left-turn phasing
– Turn prohibitions.

Ramp elements include:

• Ramp number; 
• Ramp—location, type, configuration; 
• Type of connection—at freeway and crossroad;
• Number of lanes; and
• Volume—ADT.

Traffic Operations Data

• Terrain;*
• Functional class—Level 1, 2,* and 3;*
• Speed—posted;*
• Volume—ADT, design hourly volume,* peak hour,*

growth factor,* percentage of heavy vehicles;*
• Access control;*
• Traffic-way flow; and
• Interchange influence area.*

Crash Data

Unlike IHSDM, SafetyAnalyst requires extensive crash
data. There are three categories of accident-related vari-
ables in the master database: accident-level data elements,
vehicle-level data elements, and person-level data ele-
ments. The following list of elements contains mandatory
data elements as well as optional data elements. Optional
elements are denoted with an asterisk (*)—these elements
are desirable and will be used by SafetyAnalyst when avail-
able. Additionally, many of the elements either conform 
to MMUCC (denoted by M) or are similar to MMUCC
elements (denoted by SM).
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Accident-level crash data elements include:

• Accident case identifier (M),
• Route type,
• Route name/number,
• County number (M),
• Accident location (SM),
• Location identifier system,
• District number,*
• City/town number* (M), 
• Accident date (SM),
• Accident time (SM),
• Relationship to junction (SM),
• Driveway indicator,*
• Light condition* (M), 
• Weather condition* (M), 
• Roadway surface condition* (M), 
• Accident type and manner of collision (SM),
• Contributing circumstances—environment* (M) and

road* (M), 
• School bus related (M), 
• Work zone related (SM), 
• Number of vehicles involved (M),
• Accident severity (M), 
• Alcohol/drug involvement* (M), 
• Tow-away indicator,*
• Run-off road indicator,*
• Pedestrian indicator,*
• Bicycle indicator,*
• Divided highway flag,* and
• Day of week (M). 

Vehicle-level crash data elements include:

• Initial direction of travel (M),

• Vehicle maneuver/action (M),

• Vehicle configuration (M), and

• First harmful event (M).

The only person-level crash data elements currently used
by SafetyAnalyst are the driver age (SM). Because driver age
can be attributed to a single vehicle, it could be combined
with vehicle-level data elements.

Appendix A includes a complete listing of elements from
both software packages indicating the overlap between the
packages. As noted previously, this listing provides the
best available information given the associated levels of
development of the individual packages. Additional guid-
ance is expected to be developed by NCHRP in conjunction
with the 500 Series of reports, which is a set of guides to
assist state and local agencies in reducing injuries and fatal-
ities in targeted emphasis areas. The guides correspond to
the emphasis areas outlined in the AASHTO Strategic
Highway Safety Plan. The data guide would provide spe-
cific data requirements and formats for use in analysis to
support the implementation of the 500 Series recommenda-
tions. The Highway Safety Manual Task Force is also con-
sidering the development of Minimum Inventory of Road-
way Elements, which would be similar to MMUCC for
crash data.
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The objective of this synthesis project is to summarize the
state-of-the-practice and state-of-the-art utilization of tech-
nologies for improving safety data. One critical source of
information for the synthesis came from a survey of state
agencies. The surveys provided information not only on
successful uses of technology, but also helped to identify
critical gaps in technologies for acquiring, processing, and
maintaining safety data.

The survey design was significantly complicated by the
number and breadth of data collection and maintenance
activities undertaken by each of the surveyed agencies.
Owing to the breadth of the survey content, three different
surveys were developed and distributed to contacts in each
state for each of the three core safety data areas (crash, road-
way inventory, and traffic operations). The survey design
included a set of 12 general database questions followed by
a varying number of specific data and technology-related
items specific to the type of database in question. The three
surveys can be found in Appendixes C, D, and E. The road-
way inventory survey (see Appendix D) contained elements
related to both roadway inventory and pavement manage-
ment, whereas the traffic operations survey (see Appendix E)
covered Advanced Traffic Management Systems and traffic
operations. Even though specific surveys were not distrib-
uted to obtain information for citations and convictions,
emergency medical services, and medical, driver licensing,
and vehicle registration databases, information regarding
such databases was included with the responses from states
using electronic crash records systems. In total, approxi-
mately 60 surveys from 34 states were received out of the
total of 150 that were distributed.

CRASH RECORD DATABASE SURVEY
RESPONSES

Crash report data are compiled for most crashes that involve
fatalities, injuries, and property damage above specific state
thresholds. Items of general interest include location, date, and
time of crash; driver information including age, gender,
and license; vehicle information including year, make, model,
and registration; and environmental elements such as road
design features, traffic controls, and weather. Responses to the
crash survey were received from 24 states: Arizona, Arkansas,
California, Connecticut, Delaware, Georgia, Illinois, Iowa,
Maryland, Michigan, Missouri, Nevada, New Hampshire,

North Dakota, Ohio, Oklahoma, Oregon, Pennsylvania,
Texas, Utah, Washington, West Virginia, Wisconsin, and
Wyoming. Figure 2 shows the geographic distribution of
responding state agencies. Respondents from Departments of
Public Safety or other Patrol Agency were nearly half (11
of 24) and the remainder (13 of 24) were from DOTs. A sum-
mary of survey responses follows.

It is not surprising that the majority of state crash
records custodians are active in statewide safety initiatives.
Of 24 responding states, 21 have a Traffic Records Coor-
dinating Committee and 11 are also involved in a Safety
Management System. Three states did not indicate
involvement in either of these initiatives. Two states indi-
cated that they were also Crash Outcome Data Evaluation
System (CODES) states. 

Acquisition

All 24 states use paper-based forms to report crashes. Of
these, 17 also use some type of electronic form in conjunc-
tion with a portable computer, and 3 of the 17 include elec-
tronic data obtained from event data recorders (automobile
blackbox). Six states, Arkansas, Delaware, Iowa, Mary-
land, North Dakota, and Wisconsin, use Traffic and Crimi-
nal Software (TraCS) as the electronic software for crash
record capture, and the remaining 11 states use other elec-
tronic crash report software. Of the 17 states that indicated
collecting electronic crash records, 10 responded to the
question regarding the percentage of total crash records
captured electronically. One-half (5 of 10) reported that
they capture less than 10% electronically, one stated
approximately 30%, and the remaining four capture more
than 60%. The two states capturing the most electronic
reports are Nevada and Delaware with 75% and 85% cap-
tured, respectively.

A minority of states reported the use of various technolo-
gies to support crash data collection. Two states use the mag-
netic strip reader to record information from a driver’s
license/registration, and seven states use a barcode reader to
obtain data from a driver’s license/registration or vehicle
identification number (VIN). Laser-based measurements of
crash sites are used by three states, and video recording is
used by six. Digital photography is in use in nine states,
whereas aerial photography is only used in one. Wisconsin
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locate crashes post hoc using a linear referencing system.
The distribution of location data formats is provided in
Figure 4.

For severe crashes and special studies, several states
(including California, Delaware, Iowa, Maryland, Missouri,
New Hampshire, and Oregon) employ a variety of tools in
addition to the technologies used for regular crash investiga-
tions. For example, Delaware’s Fatal Accident Investigation
and Reconstruction officers use laser management tech-
niques and digital photography to record crash site measure-
ments and crash details. Specialized crash reconstruction
teams in Maryland and Oregon measure crash sites using
survey-grade technologies. Most states indicated that data
obtained for special studies are not included in general crash
databases; rather, these are often filed in hard-copy format
with the fatal crash reports.

One last question regarding data collection referred to the
types of training provided to police officers who collect
crash record data. In most cases, officers receive 4–8 h of
crash record training at the police academy. On-the-job or
in-service training is utilized by some states. The state DOT
or the state police department can organize this type of train-
ing. Most states provide an accident-reporting guide, which
can be used by officers in the absence of or supplemental to
organized training courses. Safety conferences and the Insti-
tute of Police Training are also sources for crash reporting
education.

uses all of these technologies except the magnetic strip
reader. The distribution of technology use for crash reporting
can be found in Figure 3.

Most states use multiple methods of locating crashes.
The most popular method is the text description, including
street name and number and offset to closest cross street.
The text description is used by 19 of 23 responding states.
Alternative methods supplement the text descriptions in all
but three states, where they are used as the primary meth-
ods. The alternative methods include grid coordinates taken
from map systems (electronic or paper), latitude and longi-
tude coordinates taken from GPS receivers (handheld or in-
vehicle), and linear references to route/milepost/reference
marker systems. In the absence of data from one of the
coordinate/reference systems, text descriptions are used to
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FIGURE 2 Geographic distribution of states responding
to crash survey.

FIGURE 3 Reported technology use for crash data collection.
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Processing

All of the responding states maintain crash record data at a
centralized state repository. Nine states also indicated that
data are maintained at the jurisdictional or local level. Only
one-third of the states that indicated maintaining crash record
data at lower levels reported data sharing with the central
repository. 

Currently, 10 of 24 states indicated acceptance of electronic
crash record transmission to the central repository, and 3 other
states are in the process of implementing electronic transmis-
sion and receipt systems. All responding states indicated receipt
of crash records in hard-copy format. Original hard-copy crash
report forms are maintained in four states; one of the four scans
the original to microfilm and another scans to a digital image
file. In total, 15 states scan crash reports to digital image files,
whereas 4 states still use microfilm technology.

Eighteen of the 24 responding states have crash records
databases that contain specific data elements that allow link-
age to other databases. The distribution of linkages between
crash records and other data sources is shown in Figure 5.
Additional linkages were reported between crash records and
hospital, bridge, and pavement records. Challenges or obsta-
cles to data linkage include a lack of accuracy and exactness
of data, amount of data entry time, a lack of necessary tech-
nologies, out-of-date storage devices (i.e., mainframes and
tape systems), inadequate information technology staff sup-

port time, inadequate technical support and knowledge, and
connectivity issues between database platforms.

Storage and Maintenance

In terms of data storage, the majority of the 21 responding
states use Oracle (7, 33%), SQL (7, 33%), or DB2 (9, 43%)
databases. Most states in transition indicated moving toward
Oracle and SQL solutions. Some of these states also maintain
mainframe systems—presumably for maintaining legacy
data. Several states responding to the survey, however, still
use mainframe systems as their primary data storage system.

Access to crash records data is provided to users within
the custodial agency in each of the 23 responding states.
Fifteen states provide access to other state agencies, and 12
provide access to local agencies. Access is provided in a
number of formats. The most common format for intra-
agency use is a secure intranet site. External access is provided
through secure Internet sites, unsecured Internet sites, FTP
transfers, CD-ROM/DVD, e-mail, and hard copy. 

Crash Record Database Survey Summary

All states maintain crash records in a centralized location to
fulfill reporting requirements mandated at the federal level.
However, a number of states indicated that redundant data
repositories were maintained by local jurisdictions. A few
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FIGURE 4 Distribution of crash location data format.
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states noted that this occurrence was the result of strict data
protections required by the state agency. Limited data
sharing is occurring from a centralized crash database to
other state agencies and local agencies. 

The survey of states indicated that the use of technologies
for collecting data was limited, and so too were efforts to
research new methods for data collection and maintenance.
Although a number of states reported the capture of elec-
tronic crash reports, few had widespread use throughout the
state. A number of technologies exist within these electronic
reporting systems; however, these too are not employed
extensively. When technologies are used for special studies
(i.e., laser or survey grade measurement and digital photog-
raphy), much of the data is filed away in hard copy, limiting
its long-term usefulness. 

Many states still use route and milepost linear referencing
systems. States that have been moving toward linked crash
records systems have discovered the usefulness of moving
toward link node reference systems. In link node systems,
links can be retired yet maintained with new ones without los-
ing the ability to link the historical road characteristics records
with historical crash data. Of the three main data components,
crash records and road inventory are reported as being linked
far more often then crash and traffic flow databases. 

A few states indicated that they were still using mainframe
legacy systems for crash records storage and maintenance,
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which severely limits their ability to perform analysis and link
to other data sources. Several states indicated their frustration
with the lack of funding available for obtaining technical sup-
port, new technologies for crash data collection, and updating
data storage devices. 

ROAD INVENTORY DATABASE SURVEY
RESPONSES

Roadway inventory data include the physical features within
a road’s right-of-way. These data include geometric data,
cross-sectional elements, traffic control devices, and
pavement-related data. All state highway agencies are 
responsible for collecting, processing, managing, and analyz-
ing roadway inventory data. The primary uses of these data
are for federal reporting, planning, and design. The survey of
states indicated that roughly half of those that responded to
the survey use roadway inventory data for input to safety eval-
uation. Responses to the survey were received from 20 state
DOTs: Arkansas, Colorado, Florida, Georgia, Hawaii, Idaho,
Illinois, Iowa, Massachusetts, Minnesota, Mississippi, Mis-
souri, Oklahoma, Oregon, South Carolina, South Dakota, Ten-
nessee, Texas, Washington, and Wisconsin. The geographical
distribution of responding states is shown in Figure 6. A
summary of the survey responses follows.

Unlike the responses from the crash records survey, fewer
than half (9 of 20) of the respondents are involved with a
Traffic Records Coordinating Committee; a similar number

FIGURE 5 Reported linkages from crash records database survey (24 respondents). CMV = commercial motor
vehicle; EMS = emergency medical services.
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(8 of 20) are involved with Safety Management Systems.
However, several other safety initiatives were provided by
respondents including 402 program initiatives, Local Com-
munity Traffic Safety Teams, Toward Zero Deaths Commit-
tee, Highway Safety Committee, and Hazard Elimination
Safety Program.

Acquisition

The survey of state DOTs included approximately a dozen
questions related to data acquisition. The survey indicated
that most roadway inventory data is collected in the districts
or by headquarters staff dedicated to this function. Sixteen
respondents indicated that the data are maintained at a cen-
tral state repository, whereas four states reported that the data
are maintained in district or local repositories. Respondents
stated that data maintained at district and local levels are
shared with a central database. 

The vast majority of the states indicated that they do not
participate in research efforts related to improving data col-
lection technology. Fifteen states reported that they plan to
deploy new technologies over the next 5 to 10 years, includ-
ing video-logging, high-speed data collection, more extensive
GPS usage, web applications, and road profiling.

The timeliness of data varied greatly depending on what
was being collected. All of the states conduct bridge inspec-
tions on a two-year cycle. This is not surprising because the
inspections are required every two years by federal mandate.
Also, the procedures for conducting bridge inspections are
standardized. Many states collect road inventory data on an
annual basis for some characteristics, whereas a complete
reinventory usually approaches 3 to 5 years. Several states
had no set schedule, and one state indicated that it never does
a reinventory.

Table 1 provides information on collection samples for
several categories of road characteristics data for limited
access roadways for 18 of the 20 responding states. The table
indicates how many states collect data comprehensively,
versus sampling or collecting data on an as-needed basis.
Similar data collection samples are used for arterial road-
ways, whereas data for collector and local roads showed less

comprehensive coverage with more sampling and as-needed
data collection activities. 

For geometry data, several states (7 of 20) extract these
data from as-built or construction plans. Seven states also
indicated that they use sensor technology to collect certain
attributes such as roadway grades or cross slope. Some data,
such as horizontal and vertical curve information, is collected
by post-processing raw spatial data, which is discussed in the
next section. Five states use video-log, two use pen and
paper, and two others do not collect geometry data.

Road pavement data are collected annually on average.
The survey indicated that many states had a great deal of
automation in collecting pavement data for the state’s pave-
ment management function. Over half of the states reported
that they used specialized vans to collect pavement data [six
Automotive Road Analyzer (ARAN), one Mandli, and four
custom-developed]. The survey responses noted that data
collection is somewhat subjective for pavement distress data.
Other measurements such as rutting depth, skid resistance,
and structural strength are usually made with precise mea-
suring devices. Some states collect these data continuously,
whereas others collect the data as a sample (e.g., the first 500
ft of every mile). The survey indicated that pavement data
were collected by both in-house staff and by contractors.

The survey responses for data collection of cross-
sectional elements such as barriers and clear zone mainte-
nance were sporadic. Four states indicated that they have an
extensive video-logging program for this. Others do field
surveys using pen and paper and four stated that they do not
collect these data. Much of this information would not be
available digitally for most of the states with the exception of
shoulder width and scanned as-built plans. The responses for
sign and pavement inventories were similar to those for other
cross-sectional elements. Most states relied on video-logs or
as-built plans. Colorado and Washington noted that they use
GPS technology for their sign inventory and add attributes.
Only four states mentioned that they employ inventory sign
retroreflectivity. The same four states indicated that they also
collect pavement-marking retroreflectivity. Retroreflectivity
values do not appear in a central database.

Processing 

State DOTs use data processing for all of the areas listed
previously. Processing of the data is required to calculate
different performance indicators such as distress, skid, or rut-
ting indices for pavements. Specialized software such as
AASHTOWare (e.g., Trns*port, RoadWare, and Bridge-
Ware) allows various functions including construction and
maintenance, contract, bridge, and pavement management. 

All of the states that were surveyed have some level of GIS
use. Florida indicated that it is able to estimate horizontal

FIGURE 6 Geographical distribution of states responding to
the road inventory survey.
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curvature with their GIS application by processing centerline
data. The GIS can establish the location of the point of cur-
vature and point of tangency, as well as calculate a variety of
curve parameters including the length of curve and the radius.
Massachusetts indicated a similar capability, and also men-
tioned that it estimates vertical alignment data using their GIS
to drape centerline information over a digital terrain model.
Neither state provided information regarding the accuracy of
the data obtained from these procedures.

Storage and Management

The survey of state DOTs incorporated several questions
with regard to the storage and management of roadway
inventory data. Of the states surveyed, 80% have state
repositories that are accessible relational databases. Many
states (70%) indicated that they have electronic transmission
capability to the central repository, but an even greater pro-
portion (75%) noted that they still rely heavily on hard-copy
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submission of at least some road data inventory items. Most
of the original hard-copy data are archived. All states indi-
cated that data are checked using either manual or auto-
mated checks. States make data readily available; however,
the method varies—70% of the states make data available
through the intranet, but some rely on FTP transfer, e-mail,
and CD-ROM/DVD. Roughly half of the states with intranet
data availability make their data available externally
through secured or nonsecured Internet. Most externally
available data are aggregated and available only at interval
releases—usually annually.

The timeliness of the data varies; many states keep their
road inventory databases current (or almost current) for
state roads. Local road databases, if available, can range
from current to more than 20 years old. Many states are on
a 5-year cycle to ensure that all roads are inventoried and
the data are accurate. Historical data for most of the states
replying were available only on archives and most archive
annually. 

Road Characteristics Data
Collect 

Comprehensively Sample As-Needed

   Number of lanes 17
   Lane width 17 1

1

1
1

1

8
6
6

6

7

   Lane type 15
   Shoulder width 17
   Shoulder type 17
   Edge treatments (SafetyEdge) 2
   Median width 17
   Median type 17
   ROW width 7
   Cross slope (normal crown) 4
   Barriers (type, length) 9

   Bridges 18
   Railroad crossings 16
   Multi-use paths/bike paths 7
   Pedestrian facilities 2 2
   Tunnels

   Grade 8
   Vertical curvature 7
   Horizontal curvature 9
   Superelevation 3 1
   Sight distance 2 2
   Speed limit 15 1

2

4

   Sign inventory 4
   Truck/weight restrictions 6

   Number of lanes/approach 1 5
   Signal timing 1 2

2

   Traffic control 5 1

1

1

1

   Pavement material 15
   Pavement distress data 10 1
   Skid resistance 6
   Ride quality 12 2
   Pavement markings 1

Note: ROW = right-of-way.

Pavement Elements

Cross-Section Elements

Roadway Structure Elements

Geometric Elements

Intersection Elements

TABLE 1 
ROAD CHARACTERISTICS DATA AND COLLECTION SAMPLE
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Linkage to crash, traffic, and GIS was possible in all but
a few of the states. Figure 7 provides a distribution of the
reported linkages to multiple sources. Florida stated that
database linkage was possible to a great number of state
agency databases outside of the DOT. GIS usage with com-
plete integration of roadway inventory and traffic data was
reported by 9 states and limited integration for specific appli-
cations was reported in 10 others. Other linkages with bridge,
work zone, maintenance, project management, financial, and
pavement monitoring systems were also reported by a small
number of states.

Management of road inventory data is accomplished
through varying types of linear reference systems. The two
primary linear reference systems used by state DOTs are
route-milepost (75%) and node-to-node (25%). All states
noted that they can link to GIS; however, few had complete
GIS integration. Most of the GISs used by the state can link
to either linear reference system method. Route-milepost
data can be accessed using dynamic segmentation.

Road Inventory Database Survey Summary

As noted in the crash database survey summary, route-mile-
post is the most common linear referencing system in use by
state DOTs. Unfortunately, the route-milepost system does
not easily allow for multiple years of historical road inven-
tory data to be readily available for analysis. This makes

linkage to historical crash records difficult. Roadway inven-
tory databases are dynamic and constantly changing. Using
the route-milepost system, there is no good way to manage
change dates for specific pieces of information (e.g., the date
that raised pavement markers were added to a section of
roadway or the date when a traffic signal was added to an
intersection). With hundreds of data fields for each record,
managing change dates is a challenge. Most states archive
the road inventory database each year, but not all roads are
updated annually. Therefore, it is difficult to establish a link
between road characteristic changes and safety improve-
ments without chasing a significant paper trail of contract
documents.

Federal mandated data programs such as those for bridge
structures, railroad crossings, and HPMS have a strong effect
on states’ comprehensive collection of data. For bridge and
pavement data elements, all states reported collecting these
data elements comprehensively, whereas for elements such as
road geometric elements (horizontal and vertical curvature),
less than half of the responding states mentioned collecting
the data elements comprehensively—most collect samples or
on an as-needed basis if at all. Overall, a number of data
elements required by safety programs (i.e., cross-slope,
barriers, and intersection elements) are also underreported.

According to the survey, technologies were used spar-
ingly except for pavement management/video-log. Where
federal programs require more comprehensive data, states
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FIGURE 7 Reported linkages from road inventory database survey (20 respondents).
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have adopted technologies to increase their efficiency with
these data collection activities. However, many of the data
elements are still collected manually with pen and paper or
pulled from plan and profile sheets. Expansion of this type
of data collection system would be cost prohibitive. Addi-
tionally, much of the data collected in hard-copy format
must be entered or scanned, requiring additional labor costs. 

Availability of AASHTOWare products for data manage-
ment for federal requirements is seen as a benefit to the
states. These software packages are typically designed to be
flexible for use in most states, while allowing nationwide
analysis of exported data. Further development of the antic-
ipated TSIMS, while daunting, is expected to be an impor-
tant venture.

TRAFFIC OPERATIONS DATABASE SURVEY
RESPONSES

Technologies used for traffic data acquisition, processing,
storage, and maintenance requirements vary by their intended
applications. Although the survey was intended to query
states regarding specific traffic operations databases, most
states reported on the use of technologies for traffic operations
data collection in general or with respect to the pavement
monitoring system or advanced traffic management systems.
Many of the problems in reporting arise because most states
do not have one centralized database for collection of traffic
operations data. Given these disparities in reporting, the
following survey summary provides examples of acquisition
technologies as related to specific applications. General trends
are provided when applicable. 

Survey responses were received from 16 state DOTs:
Colorado, Connecticut, Florida, Georgia, Hawaii, Illinois,
Iowa, Massachusetts, Minnesota, Missouri, Oregon, South
Dakota, Tennessee, Texas, Washington, and Wisconsin.
Figure 8 shows the geographical distribution of states
responding to the traffic operations survey.

Acquisition

Traditionally for planning, design, and evaluation different
data acquisition tools have been applied for various data
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types. Only a few survey respondents identified any specific
types of data collection technologies. Missouri reported sat-
isfaction with nonintrusive sensors for collecting traffic data.
Examples of technology-oriented data acquisition tools,
compiled from reviews of literature and survey responses,
are provided here.

Electronic count boards (with computer interfacing capa-
bility) for counting intersection turning volumes have been
used extensively. Additionally, the following automated
detection systems can provide both count and presence data:
inductive loops, magnetic detectors (two types: two-axis
fluxgate and inductive coil), microwave radar, active and
passive infrared sensors, ultrasonic sensors, acoustic sensors,
and video image processors. In the existing systems, mag-
netic detectors, passive infrared, and ultrasonic sensors are
not able to generate classification data. When asked which of
these technologies are currently being used by the states,
only a few states indicated using technologies beyond count
boards, road tubes, loop detectors, and video detectors.
Tables 2 and 3 provide detailed usage summaries for each
technology as related to the collection of speed, volume, and
occupancy traffic data elements in both permanent and
mobile applications. A few states indicated participating in a
pooled-fund study on Portable Non-Intrusive Traffic Detec-
tion Systems. 

FIGURE 8 Geographical distribution of states responding to
the traffic operations database survey.

TABLE 2
PERMANENT TRAFFIC MONITORING TECHNOLOGY USE:
TECHNOLOGY DATA

Technology Speed Volume Occupancy
Manual Count Boards 8 4
Road Tubes, Pneumatic Counter 8 12 7
Video Detectors
Radar Detectors 1 2 1
Laser Lidar Detectors
Acoustic Detectors
Magnetic Detectors 1 1 1
Microwave Detectors 1 1
Ultrasonic Detectors
Active/Passive Infrared Sensors
Automatic Vehicle Identification
Vehicle Probes

TABLE 3
MOBILE TRAFFIC MONITORING TECHNOLOGY USE

Technology Speed Volume Occupancy
Manual Count Boards 1
Road Tubes, Pneumatic Counter 1 1 1
Loop Detectors 12 12 7
Video Detectors 2 3
Radar Detectors 4 5
Laser Lidar Detectors
Acoustic Detectors 1 1
Magnetic Detectors 1 1
Microwave Detectors 1 1
Ultrasonic Detectors
Active/Passive Infrared Sensors
Automatic Vehicle Identification
Vehicle Probes
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Handheld radar meters have been used extensively to con-
duct speed studies. Automated detection technologies include
inductive loop detectors, magnetic detectors (two types: two-
axis fluxgate and inductive coil), microwave radar, active and
passive infrared sensors, ultrasonic sensors, acoustic sensors,
and video image processors. 

Of the traffic operations data elements surveyed, the
most comprehensively collected element is traffic volume.
This makes sense because it is required for HPMS report-
ing. The next most frequently collected element was vehi-
cle classification, followed by speed and vehicle weight.
Table 4 identifies several traffic operations data elements
and summarizes states’ responses to whether the data are
collected comprehensively, sampled, or collected only on
an as-needed basis.

For travel time and delay studies, automated means of
data collection includes test cars equipped with distance
measuring instruments that are connected to a laptop or hand-
held computer. Automated detector systems used for speed
and presence data acquisition can also be applied for collect-
ing travel time data. 

Processing

Software is the primary means of processing the raw data
collected in the field. Two types of processing may take
place: processing of sensor data to convert into traffic flow
measure (e.g., the use of presence data at two sensors of
known distance to compute speed) and processing of traf-
fic flow measures to identify parameters important for con-
trol or other management functions (e.g., processing of
speed and volume data to identify whether an incident has
taken place). 

Vendors that are supplying the automated detectors usu-
ally supply the software required for processing the raw data
to convert into required traffic flow measures. Processing of
the traffic flow measures to generate decision support input
is done through an algorithm developed by an agency or
through off-the-shelf software purchased by an agency. In

addition, a major area of transportation research has been in
developing these decision support algorithms using deter-
ministic-, stochastic-, and artificial intelligence-based mod-
els. Several simulation models, including DYNASMART,
DYNAMIT, INTEGRATION, VISSIM, and PARAMICS,
have been developed to support real-time decision making by
processing the traffic flow measures acquired by the sensors.

According to the survey responses, several states use
software, either off-the-shelf or developed in-house, to
process data collected by the sensors. Iowa uses software
developed in-house to process manually collected turning
movements. Missouri and Wisconsin use off-the-shelf soft-
ware, TRADAS, for automated processing of raw data, per-
forming quality checks, summarizing the data, preparing
reports, and managing the data. Florida uses polling soft-
ware, developed by a consultant, to continuously manage
traffic monitoring sites. Florida reported that they have
provided this software to the South Carolina DOT. Florida
made enhancement to a survey processing software, origi-
nally developed in-house, to process short-term (seasonal,
portable, noncontinuous coverage) traffic counts and vehi-
cle classification surveys. Their software can read from a
number of traffic counters (Peek, Diamond, PAT, Mitron,
Numetrics, and ITS) and transform data to a common format
for processing. The number one complaint identified in the
state surveys was related to proprietary processing software.

Storage and Maintenance 

As mentioned earlier, Missouri and Wisconsin use TRADAS
software to manage their traffic data. The efforts are on-going
in the real-time traffic operations, such as those included in
intelligent transportation systems (ITS) applications for archiv-
ing the data collected to support real-time decision making and
reporting. 

Traffic Operations Database Survey Summary

Given the difficulties that the states had in responding to this
survey, it is clear that additional efforts to define a more com-
prehensive system for traffic operations data collection and
maintenance are needed. Several states indicated that multiple
databases were maintained to house traffic operations data—
some for ITS data archives, some for traffic signal data, and
others to support volume requirements for HPMS. One of the
overarching requirements of both IHSDM and SafetyAnalyst
is the need for volume data. More integrated and effective data
systems will be needed to meet these demands. 

Although several states mentioned plans for deploy-
ment of portable nonintrusive traffic detection systems in
the near future (5–10 years), few states have been early
adopters. The use of portable nonintrusive technologies
will be required to expand the traffic data needs of future
safety analysis programs.

Traffic Data
Collect 

Comprehensively Sample As-Needed
Speed 2 6 5
Volume 10 4 2
Vehicle Classification 6 8 2
Vehicle Weight 4 6 2
Axle Load 1 6
Axle Spacing 1 7 1
Occupancy or Density 1 1
Origin and Destination 1 1 2
Air Quality 0 1 0
Pedestrian Counts
Traffic Control 2

TABLE 4
TRAFFIC CHARACTERISTICS DATA AND COLLECTION 
SAMPLE
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Through information obtained from the state surveys, exten-
sive literature searches, general subject knowledge, inter-
views, and topic panel suggestions, a number of available
technologies were identified to assist with safety-related data
acquisition, processing, and storage and maintenance. Table 5
cites all technologies included in this synthesis. It shows tech-
nologies separated by data category (crash, road inventory,
and traffic operation) and data function (collection, pro-
cessing, and management). There may be some overlap in the
discussion of technologies—particularly with respect to crash
reporting, where several technologies may be combined into
one electronic reporting system. In addition, in the processing
and management data functions many of the technologies
apply to all or most of the three data categories [denoted by
an asterisk (*)]—when this occurs, the technology is generally
covered in only one section.

The technologies are covered in order of data function
(i.e., crash data collection > road inventory data collection >
traffic operations data collection >> crash data processing,
etc.). This chapter includes information on successful prac-
tices and evaluation outcomes in the use of various tech-
nologies. Specific attention is given to the efficiencies or
benefits afforded by each of the technologies. State case
studies are provided to showcase the uses of the technologies
as well as define the benefits of the technologies. 

CRASH DATA COLLECTION TECHNOLOGIES

Electronic Crash Reporting 

The most important component of any safety data system is
an accurate accounting of crashes that are occurring on the
roadway network. Historically, crash records have been
obtained through paper-based police reports collected at the
crash site. The hard-copy reports are then submitted to a
central location for entry into a crash database. Subse-
quently, issues resulting from illegible handwriting on the
reports, key-entry errors during data entry, and inefficient
data maintenance methods undermined the usability of the
crash data. 

With the advent of mobile computing, some agencies
began developing electronic versions of the crash report.
Although this helped solve illegible handwriting issues, the
reports were still printed to hard copy format and submitted
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to a central database for duplicate data entry. The prolifer-
ation of wireless communications has ultimately led to the
design of more efficient systems allowing immediate trans-
fer of crash reports to a central location, with connection to
central databases in the field for automatic completion of
driver’s license and vehicle registration information. Sev-
eral such electronic crash reporting systems exist today
including Iowa’s TraCS, Nevada’s Crossroads Traffic Col-
lision Database, and Illinois Mobile Capture and Reporting
(MCR) system. The following summaries of these systems
will identify system components and, where available,
implementation outcomes. 

Traffic and Criminal Software

TraCS is used by both state and local law enforcement and
motor vehicle agencies for improved crash report data col-
lection. The TraCS application suite was developed through
cooperation from consortium partners including the Motor
Vehicle Division of the Iowa DOT, Iowa Department of
Public Safety/Iowa State Patrol, FHWA Iowa Division, and
sheriffs and police departments across the state. The objec-
tive of this partnership was to create a fully integrated
safety management system by expanding on the state of
Iowa’s nationally recognized leadership in safety data col-
lection. This approach served as a model for all states to
draw upon in their efforts to improve their data collection
and safety management system processes. The software
consists of a variety of customizable modules that can be
combined to meet the needs of various state agencies
through the software developer’s kit. The software is
licensed free of charge and thus is being considered for
implementation in a number of states. To date, Iowa, New
York, and Delaware have the most comprehensive imple-
mentations (17). 

The software contains two application components—
TraCS Mobile and TraCS Office. TraCS Mobile software is
used to collect field data (crash reports and citations) and can
be customized to resemble paper reports. TraCS Mobile
works with mobile laptop computers, bar code scanners,
mobile printers, host workstations, and statewide data com-
munications. The application software also has a GIS Inci-
dent Location Tool, supports barcode and magnetic strip
reading, stores electronic signatures, and provides electronic
diagramming options. The TraCS form allows any type of

CHAPTER FOUR
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use Access 2000, Oracle 9i, or SQL Server 2000 for form
data storage. 

Iowa’s TraCS implementation includes some components
that are used statewide:

• Crash reporting,
• Citation issuance,
• Incident reporting,
• Motor carrier inspection reporting, and
• Operating while intoxicated reporting.

When the crash reports reach the DOT, they are automat-
ically stored in the DB2 database. Additionally, the reports
are stored in an Oracle database upon reaching the Iowa
Court Information System. Other agencies receive various
relevant reports such as the Commercial Motor Vehicle
Safety Inspections report and the National Incident Based
Reporting System report.

FHWA (18) sponsored a study to determine the benefits of
using computerized crash report forms versus paper-based
forms. The FHWA study found that the number of missing
and erroneous data elements was reduced with the use of
computers. Figure 10 shows a comparison of errors found
between computer and paper-based forms. In part, this is
because the Iowa TraCS form has an automated process for
checking the accuracy and completeness of the computerized
form. The study team found that the reduction in errors did
not come solely from the computer catching errors, but rather
by giving officers feedback concerning the errors, whereupon
the accuracy and completeness of their reports quickly
improved. 

In the first five years after implementation, the Iowa TraCS
project has resulted in some marked improvements (19):

file to be stored with it, including images or video from a dig-
ital camera or images from a flatbed scanner. The in-vehicle
mobile data terminal (see Figure 9) can download data and
image files to a desktop computer or agency network. TraCS
Mobile allows users to collect, validate, and print informa-
tion immediately and later transfer the data to the TraCS
Office. After the data has been stored in TraCS Office, it can
be transmitted to the state repository (17). 

There are four different types of diagramming options
available in the TraCS software. One captures hand-drawn
images, whereas another makes use of templates for drag-
and-drop diagramming. With the purchase of an additional
software license, Visio 2000/2002 and Easy Street Draw can
be used within TraCS. 

TraCS Office is the agency-level database repository that
can be used to analyze data collected from TraCS Mobile. It
includes all of the functions found in TraCS Mobile and an
export function is available to archive data. TraCS Office can

TABLE 5
TECHNOLOGIES BY DATA CATEGORY AND DATA FUNCTION

FIGURE 9 TraCS in-vehicle mobile data terminal (17).

Data Category/Function Collection Processing Management

Electronic crash reporting Document scanning* AASHTOWare—TSIMS
Portable GPS receiver Wireless communications Middleware*
Barcode reader GIS* Network applications*
Magnetic strip reader
Digital video/photo
Event data recorder
Laser measurement

Electronic inventory logs CAD exports AASHTOWare
Highway measurement vehicles Document scanning* Middleware*
Video-log GIS* Network applications*
AASHTOWare—Trns* port Automation software
Satellite imagery

Digital video GIS* ITS data archives
Nonintrusive traffic counters TRADAS Middleware*
ITS systems Network applications*

*, Technologies that apply to all or two of the three data categories.
CAD = computer-aided design; TRADAS = Traffic Data System.

Crash

Roadway Inventory

Traffic Operations
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• Reduction in the amount of time that incident informa-
tion is electronically available to the state to as little as
one day,

• Elimination of duplicate data entry by law enforcement
agency staff,

• Significant reduction of errors on accident reports, and
• Reduction in time spent completing accident reports.

The data have been used to make informed decisions, and
to identify and address emerging safety trends such as
aggressive driving. Specifically, archived data have been
used to:

• Conduct before-and-after analyses to determine the
safety improvement of construction projects;

• Conduct analysis of railroad crossing crash data to
determine if changes in traffic controls are necessary;

• Determine the effectiveness and adequacy of traffic
controls at intersections;

• Develop and prioritize pavement resurfacing projects
for safety enhancement; and

• Evaluate the safety effectiveness and performance of
traffic control signing, channelization, and marking at
work zones, and make appropriate changes immedi-
ately after problems arise.

As mentioned in the state survey, Delaware used the soft-
ware developers’ kit to modify the TraCS software, and they
have been using it statewide for several years. An evaluation is

in progress. Delaware was a runner-up for the Association of
Transportation Safety Information Professionals Best Practices
Award in 2004. In the application (20), Michael McDonald,
Director of Information Technology for Delaware State Police,
stated that 

The benefits of this project in time savings alone are priceless. Offi-
cers who used to hand write traffic reports, including summonses,
tow slips, and insurance information exchange sheets spent their
time over and over again recording the same information on the
various forms we used. If an operator was being arrested for more
than two charges, the same information on the traffic summons
needed to be replicated on another one. Time savings have been
preliminarily measured to be approximately 2 h of an officer’s day.
This translates into more unobligated patrol time; time that is
directed by supervision to troubled areas experiencing high rates of
crashes or moving violations. This risk management approach by
our supervisors in directing patrols, which resulted from time sav-
ings, is directly related to the feedback we are able to provide them
to stay abreast of life threatening highway, roadway, and vehicle
variables affecting our crash experience. 

The New York TraCS program was selected as the
winner of the 2005 Association of Transportation Safety
Information Professionals Best Practices Award. In studies
completed in New York since the implementation of
TraCS, the New York State Police has found (21):

• The length of time a motorist is stopped along a highway
to be issued a ticket has decreased by nearly 50%.

• The police agencies now have a database of all ticket
and accident data that is updated daily without requiring

FIGURE 10 Analysis of errors related to data entry method (18).
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reentry of the data. This allows officers to increase
patrol time and spend less time in the station.

• The error rate for tickets at the department of motor
vehicles has dropped from 17% to under 3%. This has
resulted in a reduction in data discrepancies, including
incorrect and missing information. Legibility errors
resulting from poor handwriting on tickets and crash
reports has been eliminated.

• Large truck and bus crash reports that meet federal
filing requirements have gone from a 23% submittal
rate before TraCS, to a 100% submittal rate when the
report is completed with the TraCS program.

TraCS is currently licensed by 18 states and 2 Canadian
provinces (see Figure 11). Other states and territories are
developing their own system or already have a system that
would not easily incorporate TraCS. Although many states
are still in the evaluation stages of using TraCS, some states
have already seen benefits from using the software. The
states that use TraCS have created a user group to share infor-
mation and resolve problems. TraCS users in Georgia have
seen significant savings owing to reduced paper work and
data entry. Some states are developing their own modules to
use within the TraCS system, and these will be evaluated as
they are implemented (17).

Crossroads Software

This software includes a Traffic Collision Database and a
Handheld Citation and Report Writing Program. Nevada
developed their software through Crossroads Software, Inc.,
working with people in-house. According to the state ques-
tionnaire, Nevada has been using the software statewide for
less than two years and has found that it is cost-effective and
improves efficiencies in data collection. Nevada encountered
implementation issues in that the various law enforcement
agencies have differing records management systems and
needs. “Interfaces for the agencies to send data to the statewide
repository and to the courts had to be developed separately.
Training was also a huge undertaking as each agency had dif-
fering processes and procedures for data collection.”

The Traffic Collision Database works in a Windows envi-
ronment with standard or customized forms. It is capable of
data input, data analysis, reports, and queries for traffic
collisions, citations, and instances of driving under the influ-
ence (DUIs). GIS mapping, collision diagrams, printing,
street name verification, and import/export functions are
other features of this software. The Queries and Reports
section is the most substantial portion of the database. 
Various parameters can be sorted by street name, primary

FIGURE 11 States and provinces that have licensed TraCS software (17).
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collision factor, number of injured, and other. Multiple types
of prepared reports are available for printing. GIS maps are
possible through the included ESRI ArcView software. The
Traffic Collision Database is being used in local and state
agencies, including those in Arizona, California, Nevada,
New Jersey, and Washington State (22).

The Handheld Citation and Report Writing Program offers
law enforcement a software suite to write citations, DUIs, and
traffic collision reports. The handheld device operates within
a Windows Pocket PC environment to facilitate the writing,
printing, reporting, and analyzing of citations. The program
allows for information such as the location, vehicle, personal
information, and officer notes to be included. It is capable of
capturing signatures and fingerprints, reading driver’s
licenses by means of a magnetic strip or license bar code, and
printing citations on a portable printer. The handheld device
links with a desktop or laptop computer to download the
information into other systems or databases, such as the
Crossroads Software Traffic Collision Database, for records
management, analysis, or transmittal (23).

Mobile Capture and Reporting System

The MCR is an example of a state-developed traffic crash
reporting system. In 2004, Illinois was a runner-up for Best
Practice Recognition from the Association of Transportation
Safety Information Professionals for the MCR. The Illinois
DOT, Illinois State Police, and local law enforcement
worked together to develop an electronic system used for
crash records capture and submittal. The actual cost of this
project was $1,494,328. Scheduled completion of the imple-
mentation of the MCR project was set to have all 1,100
Illinois State Police troopers statewide using MCR by June
2005, as well as county and municipal law enforcement
agencies (24).

The MCR project, which is part of the Illinois Crash
Reporting System, provides electronic crash reports, cita-
tions, overweights, and warnings with additional reports
added to the project as necessary. By integrating MCR with
the Illinois Law Enforcement Agencies Data System, officers
can import driver and vehicle information into the crash
report. A crash diagramming tool is available with drag and
drop functions to create the scene of the crash. Crashes can be
located graphically through GIS capabilities in the office. If
in the field, GPS can be added to the system to allow the offi-
cer access to the exact position of his or her vehicle. Another
capability of MCR is driver’s license barcode scanning,
which automatically inputs license data into the correct forms.
Additionally, if the police officer enters the zip code, the city,
state, and country are provided automatically (24).

Additional system innovations include integration with
VINAssist to determine vehicle information from the VIN
and with the Federal Carrier Database for automatic data

input of commercial carriers based on the U.S.DOT number.
The reports include the ability to set default values that can
be overwritten, error messages when problems arise, officer
notes, attachment sending, transfer capabilities, and spell
check. A crash report can be printed at the scene or at
the office. 

The MCR project was dependent on teamwork involving
different agencies, and the success of the project is attributed
to initial and continual involvement in every phase of the
project by law enforcement. An evaluation of the program
determined that law enforcement officers found MCR to be
user-friendly, and the amount of time they spent reporting
traffic crashes decreased. Processing costs for the Illinois
DOT dropped three dollars per crash report, and electronic
crash reports are received in hours instead of the 45-day aver-
age for paper reports. As stated in the application, “MCR
benefits the [Illinois] DOT Division of Traffic Safety and Illi-
nois law enforcement through improved public safety and
efficient use of available funds and personnel. Responsive-
ness to the public has increased, and the ability to meet state
and federal requirements has improved” (24).

In summary, the various electronic crash-reporting tools
have shown benefits in the timeliness, accuracy, completeness,
efficiency, and integration of crash reporting. The tools
include a wide range of capability and level of integration with
other tools and data sources. Some of the noted benefits
included time savings by officers in the field, reduction in time
of reporting to a central location, elimination of redundant data
entry and errors owing to illegible handwriting, and more
accurate and complete data from automated error checking.

Portable Global Positioning System Receiver

The Illinois MCR included crash location based on the avail-
ability of in-vehicle GPS systems in police vehicles. Such
systems are usually connected to in-vehicle computing ter-
minals to allow for the capture and recording of GPS coordi-
nates automatically by software programs. Another option
for capturing crash location is through a handheld GPS
receiver. These receivers are small (see Figure 12), relatively
inexpensive (approximately $100–$150), and have accuracy
in the range of 3–5 m. The portable GPS units can be used to
determine position latitude and longitude and then record the
position information on the paper report form. 

Late in 2003, the South Carolina DOT (SCDOT) purchased
handheld GPS receivers for the majority of the police officers
responsible for collecting crash reports. In 2004, approxi-
mately 90% of the reported crashes included latitude and lon-
gitude crash coordinates. Although this provides a substantial
time saving over manually locating crashes post hoc, there are
still some issues to be resolved. An ongoing evaluation of the
data (25) finds that officers have used multiple coordinate 
designations (decimal degrees, degrees-minutes-seconds, and
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FIGURE 12 Handheld GPS receiver
(Source: Garmin.com).

state plane) to log crash locations. In some cases, the latitude
and longitude fields are reversed and, further, the number of
decimals is sometimes truncated. The problems identified are
not insurmountable and can be resolved with additional train-
ing and practice with using GPS devices by police officers.

Green and Agent (26) also evaluated the accuracy of using
GPS for locating crashes. The analysis showed that the GPS
unit is capable of obtaining accurate position data at the crash
site to allow proper location identification for crash analysis.
The researchers studied a random sample of 100 crashes—
comparing the accuracy of the GPS position version with the
accuracy of a route-milepoint position. Of the 100 crashes,
55% were found to have an accurate GPS reading and 58%
were found to have an accurate route-milepoint location. The
authors also noted that there was a large variance between the
two methods by county and police agency. The largest source
of errors for GPS was related to operator error rather than
equipment or environmental issues. Suggestions for
improvement of GPS accuracy included additional training,
proper use of GPS unit, care when recording GPS coordi-
nates on the crash report, and minor modifications to the
crash report. The errors in route-milepoint locations primar-
ily dealt with improper interpretation of the milepoint log,
inaccurate use of the available mileposts, and the lack of
knowledge regarding currently available data.

A previous evaluation of emerging technologies for traffic
crash reporting showed similar results for GPS crash location

data collection (27). The GPS was found to work best in con-
junction with a GIS and mapping on the in-vehicle computer
terminal. The automatic generation of a map based on the
GPS coordinates allowed officers to verify or modify the
position of the crash, thus leading to more accurate crash
location information.

In summary, handheld GPS devices can provide highly
usable position information, but should not be used as the
only source of location information. GPS latitude and longi-
tude do not provide a meaningful description of the crash
position in the absence of a GIS system. Because GPS is
subject to errors from signal blockage, start-up errors, and
multipath errors, the position may not always fall within a
reasonable distance of the actual crash location, and the
reporting officer may not be aware of this error. Therefore,
until integrated computer-aided reporting allows for verifi-
cation of the position on a map, officers should continue to
obtain traditional route, intersection, and distance informa-
tion as a back-up. The benefit of using handheld receivers is
attained in reduction of manual coding of crash locations in
a route-milepost or linear referencing system. 

Research undertaken by the North Carolina Highway
Safety Research Center (28) used portable GPS receivers in
a different way to obtain positive safety benefits. With a top-
ten ranking in U.S. fatal truck-involved crashes, the North
Carolina State Highway Patrol began experimenting with
the use of GPS both for tracking and event capture to docu-
ment enforcement activities. Inexpensive portable GPS
receivers were integrated with in-vehicle computers in 50
motor carrier enforcement vehicles in the 12-county area
surrounding Raleigh–Durham. The in-vehicle installation is
shown in Figure 13. Continuous tracking of x, y location at
3-s intervals provided information regarding the location
and time of regular operations. Enforcement events were
captured using a software program on the mobile computer,
which was connected to the GPS receiver. After geocoding
all truck-involved fatal crash events, GIS analysis indicated
the presence of areas experiencing higher percentages of
truck-involved crashes and lower percentages of commer-
cial motor vehicle enforcement. These discrepancies were
used by motor carrier enforcement to reevaluate the spatial
distribution of enforcement personnel. The North Carolina
State Highway Patrol has a longer-term goal to apply these
techniques to all vehicle crashes and enforcement activities. 

Barcode, Magnetic Strip, and Radio Frequency
Identification

Data linkage is typically affected by two elements:

1. The availability of the data element and
2. The accuracy of the data element.

Based on research by Miller (29), the average person’s mem-
ory span is limited to 7 ± 2 characters. Therefore, somewhere
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between five and nine characters defines the maximum
capacity of working memory when full attention is deployed.
Given this finding, it is unrealistic to expect officers to collect
lengthy data elements in the field without error. In most cur-
rent state crash data systems, a large number if not all of the
data elements are collected using pen and paper by police
officers in the field at the site of the crash. In such a situation,
the officer is balancing the crash investigation, crash report-
ing, emergency medical response, and traffic control
simultaneously. 

Many of the crash report elements are often used as link-
ages between databases such as driver’s license number
(approximately 9 characters), VIN (17 characters), and
license plate (6+ characters). To account for this error poten-
tial, the CODES project developed a probabilistic linking
algorithm that searches for similarities across multiple pieces
of data to match cases among multiple data sets. Although
the software will usually not allow 100% matches, its use
greatly increases the number of matches. However, tech-
nologies for capturing driver’s license, vehicle registration,
and VINs have been available for some time. The technolo-
gies are the same as those used by grocery stores (barcodes
and barcode scanners) and credit card companies (magnetic
strip and reader) (see Figure 14).

The concept of a police officer gathering all the necessary
information about the driver and his or her vehicle by sim-
ply scanning a barcode or swiping a magnetic strip is very

attractive. The most obvious benefit of this technology is
found in the accuracy and completeness of the gathered
information. Other benefits include the efficiency and cost-
effectiveness of a single card swipe, and storing the data per-
manently in the electronic accident record for each incident.
Other information from the accident scene will still need to
be recorded manually; however, much of the required infor-
mation can be gathered in seconds using these technologies.
The New York TraCS program has been using these tech-
nologies with success. Figure 15 shows a New York State
Highway Patrol Officer using barcode scanning technology
to record driver’s license information. As mentioned previ-
ously in the discussion of benefits associated with the imple-
mentation of the TraCS program, the length of time a
motorist is stopped along a highway to be issued a ticket has
decreased by nearly 50%. Significantly decreasing the
amount of time it takes an officer to write a traffic ticket or
collect accident report information reduces the time officers
and motorists spend parked along busy roads, thus reducing
chances of accident, injury, or traffic disruption. 

Smart Card technology ranges from magnetic strips on the
back of the card to an embedded microchip. The magnetic

FIGURE 14 Barcode scanner and magnetic strip reader (17).

FIGURE 15 New York State Highway Patrol officer uses
barcode scanning technology to record driver’s license
information.

FIGURE 13 North Carolina State Highway Patrol Motor Carrier
Enforcement Activity Monitoring Equipment (28).
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anticipated to last the normal 10-year renewal cycle (33).
One major problem the magnetic strip card has is inadequate
storage capacity. Some of the highest estimates so far for
magnetic strip capacity are 1,800 bytes. Chip cards can store
up to 4,000,000 bytes and are easier to update (30). 

Japan was expected to issue up to 80 million chip-based
RFID-enabled driver’s license cards in 2006. Information
that will be contained on the cards is limited to the same
information that is printed on the card along with a photo-
graph and a digital signature. The National Police Agency
will use the cards’ capabilities to administer traffic tickets
while recording accurate information about the driver and
vehicle for accident records (33).

Florida is leading the way in high-technology driver’s
license security and information in the United States owing
to the September 11, 2001 (9/11), hijackers obtaining Florida
driver’s licenses. Florida boasts of having one of the most
secure technologies with a 17 “layers of security” driver’s
license. Florida’s emphasis is primarily on proof of identity
and not so much on driver and vehicle information (34).

The Real ID Act passed by Congress in May 2005 will
require all states to update their existing driver’s license cards
by 2008, and it is estimated that it will cost states up to $750
million dollars to implement, which includes not only new card
technology but also new card reader technology. Several states
are hesitant to implement the requirements of the Real ID Act
because the proposed standards are unclear, especially as tech-
nology is ever-changing and privacy issues are becoming major
concerns to many citizens in this post-9/11 era (35). The Real
ID Act’s primary goal will be to ensure that the owner of the
card is actually who they claim to be. Information contained on
the card will not only be useful in proving identity but will also
be useful to law enforcement in gathering driver information,
such as name, address, social security number, date of birth, and
the VIN in the event of a vehicular accident.

With the nationwide implementation of smart card tech-
nology, new ways of collecting driver and vehicle informa-
tion will be available to law enforcement. Although other
information will have to be acquired by other means as it
relates to accident sketches and environmental analysis, the
most important step of accurately and efficiently collecting
important data that is often used to link all persons involved
in traffic accidents will be as simple as swiping an individu-
als driver’s license. 

Laser Measurement and Digital Photography

In a crash investigation, the time immediately following the
vehicle crash is crucial. Physical evidence of the crash may
disappear or be altered when the site is cleared. Hence, data
must be collected and recorded without delay. While col-
lecting evidence, the crash investigator must keep in mind

FIGURE 16 Embedded microchip
technology (34).

strip card has clear advantages over the chip card, because it
can be read by most existing card reader technologies found
in restaurants, grocery stores, and automatic teller machines.
Also, magnetic strips can be designed in such a way that not
all card readers can access all the information that is
contained on the card. In contrast, chip-based cards (see
Figure 16) would require new card readers to be purchased
nationwide—a costly requirement. There is also potential for
the information held on the chip card to be scanned without
the owner’s knowledge (30). Radio Frequency Identification
(RFID) allows chip-embedded cards to be scanned from a
distance, along with providing tracking capabilities to the
government, so that cards with RFID tags could be located
along with their owners (31). The RFID tag would also be
strategically placed beneath the photograph so that if the pho-
tograph were tampered with, the card would be deactivated
and could no longer be used (32). Another advantage the
magnetic strip card would have over the chip card is
longevity. Magnetic strips can last up to 10 years, whereas
chip technology has not yet been adequately tested and is not
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the information required for enforcing traffic laws, planning
accident prevention, and preparing for court proceedings
regarding accident cases.

Physical outcomes of the crash are recorded in the form
of measurements, sketches, post-crash diagrams, and pho-
tographs of the accident scene. Conventionally, a measuring
tape has been used as the primary data collection instrument;
however, this is a lengthy method and the reconstructionist
has to take separate elevation measurements. There is also a
risk of transposing errors when making and entering records
into an electronic format. Increasing traffic congestion,
reduction in staff, and increases in workload emphasize the
need for new crash site data collection techniques (36).

The requirements of an ideal crash site data collection
system are portability, flexibility, ease of use, and the ability
to collect a high number of measurement points. Although
several different systems are in use by police agencies and
DOTs, laser measurement systems and photogrammetry are
the most popular technologies currently available (36).

Numerous coordinate measuring machines are used in
combination with three-dimensional digitization. The “Total
Station” (Figure 17) is a portable crash scene measurement
and mapping tool that has high accuracy and reliability.
However, it greatly inconveniences traffic because the road-
way may be closed for hours during the mapping of the crash
scene data points. Only 25% of crash reconstructionists use
a total station. Total stations range in cost from $6,000 to
$25,000, which can be unaffordable for smaller crash recon-
struction firms. This, combined with the risk of a secondary
accident, has raised the need for alternative technology (37).

Laser-based measurement systems are another mobile
technology for crash scene measurement. These systems are
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faster and more accurate than hand measurements, yet less
costly than total stations. Laser-based measurement systems
involve less equipment, are more compact, and can be
handled by a single officer in the field saving time and
money. Because the equipment is affordable, more units can
be purchased. The laser system is used only to measure and
record data, special drawing software is required to create a
diagram from the measurements. 

Another laser-based measurement option is an angle
encoder. The true slope is obtained by measuring angles with
the inclinometer in the laser (angle encoder). The true slopes
allow connection of drawing lines in three-dimensional (3D)
diagramming packages. Sometimes, however, a total station
is necessary. In larger crash scenes only a total station can
track a prism out to points further than you can see with the
angle encoder system (38).

Another up-and-coming portable method for mapping
crash scenes is close range photogrammetry. Photogramme-
try is based on the mathematical–geometrical law that the
spatial location of a point is clearly definable if it is repre-
sented by at least two images. Two conditions must be
satisfied to use photogrammetry techniques: (1) the two
images must be taken from different directions, and (2) the
location and orientation of the camera must be accurately
known (39). A digital camera is used to acquire the necessary
scene details and evidence. From the two-dimensional digital
camera images captured from various angles at the scene, 3D
measurements are obtained. A 3D model of the scene is
created from the data points obtained using special software.
The 3D model is then converted to a 3D diagram using a
computer-aided design (CAD) drawing program. The
software has built-in 3D symbols and libraries of drawing
elements including cars, trucks, and people. One person can
model a crash scene on their own using a digital camera and
special software to create the 3D diagram (40).

There are many advantages of using portable laser
measurement and photogrammetry technologies to map
crash scenes. There is economy in time and money; one offi-
cer can conduct data collection and make detailed drawings
without assistance. The collected data are accurate and it is
possible to diagram the data at the scene. That data can be
collected immediately after the crash maintains the validity
of the evidence. Furthermore, the possibility for secondary
crashes caused by delay and road closure is reduced by swift
data collection. 

Event Data Recorder

One of the most promising technologies for advancing
highway safety research is the event data recorder (EDR). An
EDR collects and stores critical vehicle and operator
performance data for the seconds before and during the crash.
NHTSA began using EDRs in the United States in the 1970s.

FIGURE 17 Total station
survey device.
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In 1974, NHTSA equipped 1,000 vehicles with disc recorders
(41). These recorders collected changes in velocity and actual
deceleration rates for 26 crashes where an instrumented
vehicle was involved. Over the study period, the instrumented
vehicles traveled a combined 26 million miles. The cost of the
equipment and limited return in crash data delayed further
EDR research for some 20 years. 

In 1997, the NTSB issued a recommendation to NHTSA to
pursue vehicle crash data collection using EDRs. The next year,
the NHTSA Office of Research and Development formed a
working group of industry, academia, and other government
organizations to participate in a forum to study EDRs (42). The
working group researched eight specific aspects of EDRs
including status of EDR technology, data elements, data
retrieval, data collection and storage, permanent record, pri-
vacy and legal issues, customers and users of EDR data, and
EDR technology demonstrations. The working group consid-
ered both original equipment manufacturer EDRs as well as
after-market EDRs. The original equipment manufacturer sys-
tems were originally developed to sense and record crash forces
for restraint deployment. After-market systems are usually
developed specifically for recording crash events for training
and litigation purposes and are primarily deployed in fleets. The
conclusion of the NHTSA working group was that EDRs have
the potential to improve highway safety for all classes of
vehicles, but that the degree of benefit is directly related to the
number of vehicles with EDR and the ability of the current
infrastructure to use and incorporate the data. 

Current EDRs are capable of recording vehicle and occu-
pant data for a few seconds before, during, and after a crash,
such as precrash system status, restraint usage or deployment,
and activation of an automatic collision notification system
(41). Additional data that can be recorded and is required for
new school buses and motor coaches include acceleration,
speed, braking input, turn signal status, emergency status, and
brake system status (41). NHTSA routinely adds EDR data to
its crash databases to support its crash investigation program.
Many newer model cars are equipped with an EDR. An EDR
can measure the severity of crashes, vehicle speed, engine rev-
olution rate, throttle position, safety belt usage, air bag readi-
ness and performance, and brake application in vehicle crashes
(43). These data are used to improve the safety and perfor-
mance of the vehicles. The most important items for states are
precrash speeds and determining safety belt use. It may be
downloaded with the permission of the owner, at the request of
law enforcement, or as required by law (43). EDR readers exist
for several makes of automobile and cost between $2,500 and
$3,000. The information may be used for crash reconstruction
or for research with identification information removed (43). 

A recent study by Rowan University (44) recommends a
minimum set of EDR data elements for roadside safety
analysis and procedures for the retrieval, storage, and use of
EDR data from vehicle crashes to include legal and public
acceptability of EDR use. The study concluded that:

• There should be a standardized method of retrieving
data. 

• NHTSA should require a crashworthy, universal EDR
download connector. 

• State and federal transportation agencies should use a
common EDR database format. 

The first standard for motor vehicle EDRs was created by
IEEE, called IEEE 1616, in 2004 (45). The new standard IEEE
1616 “specifies minimal performance characteristics for on-
board tamper- and crash-proof memory devices for all types
and classes of highway and roadway vehicles” (45). The stan-
dard also covers device survivability and a data dictionary of
86 data elements. Before IEEE 1616, highway vehicles were
the only major mode of transportation in the United States
(including rail, air, marine, and pipeline transport) without an
adequate EDR standard. Another vehicle EDR standard, IEEE
1616a, is under development and will require EDRs to store a
history of time-stamped fault codes synchronized with other
on-board motor vehicle devices.

The largest obstacle associated with the use of EDR data
for highway safety research is related to privacy concerns.
According to comments submitted by the Electronic Privacy
Information Center in response to a proposed rulemaking
released by NHTSA, “NHTSA must not mandate the use of
black box technology without ensuring that strong privacy
safeguards are in place to protect the interests of drivers” (46).
The data recorded by EDRs might include the date, time,
velocity, direction, number of occupants, airbag data, and seat
belt use. Some EDRs could even collect location data and
video, which are the leading components that raise privacy
issues. 

Setting privacy concerns aside, a great deal of information
can be gleaned from EDRs. For years, safety analysts have
had to rely on post-crash reconstruction to study events
surrounding crash development. Now, technology exists to
record specific data regarding the vehicle and operator
performance before the crash. A thorough understanding of
precrash conditions will allow engineers and safety analysts
to proactively focus on critical precursor events rather than
reactively focusing on post-crash analysis.

ROAD INVENTORY DATA COLLECTION
TECHNOLOGIES

Electronic Road Inventory Logs

Roadway inventory data describe the physical features within
a road’s right-of-way. These data include geometric data,
cross-sectional elements, traffic control devices, and pave-
ment-related data. Various agencies at the local, state, and
federal levels in the United States build and maintain large
databases that provide inventories of positional and descrip-
tive data for roadway elements and features. These invento-
ries aid transportation planning, roadway maintenance, and
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performance monitoring. Most road inventories use distance
along route (route-milepost) as the key reference for the data.
Traditionally, vehicles equipped with distance measuring
instruments measure the mileage of the roadway as it is tra-
versed, whereas data collectors manually log pertinent fea-
tures of the roadway. These “windshield surveys” typically
involve logging data using pen and pencil and/or a digital
device such as a notebook computer, palm pilot, or digital
clipboard. Other manual methods of data collection include
extracting data from construction and as-built plans and col-
lecting data during field surveys. 

Depending on the type of data, acquisition technologies
include both manual methods and automated data collection.
There are different levels of automation of data collection
technologies. Although some attributes may be collected man-
ually, the geographic location of the attribute might be cap-
tured in an automated fashion using an inertial navigation sys-
tem or a differentially corrected GPS system. At a higher level
of automation, data collection can be captured using sensors
mounted to a vehicle that is operating at highway speeds (see
the following section on highway measurement vehicles).
These data would be directly passed to a digital database.
Automated data collection must usually be post-processed in
some fashion to check for accuracy and completeness, and to
add additional attributes. The major benefit of automating data
collection is the improved efficiency per lane-mile. The com-
pleteness and accuracy of the data are also increased. 

Roadway Measurement Vehicles

The state of the art for collecting roadway data is through the
use of a specialized instrumented vehicle. There are a num-
ber of companies that sell instrumented vehicles that collect
various types of roadway inventory data. Most of these com-
panies also offer contract services to collect data using their
vehicles. All of the vendors have options for providing these
vehicles with a full range of data collection capabilities.
Depending on the options, the vehicle can collect geometry,
cross-sectional elements, and pavement data.

Most commercially available instrumented vehicles are
acquired by state DOTs for use in pavement monitoring sys-
tems. Pavement sensors (see Figure 18) allow for automated
collection of roughness rutting, faulting, and texture data
using noncontact sensors linked to a data acquisition com-
puter system. Furthermore, some of these vehicle vendors
provide a digital video processing capability that can collect
lane width and other attributes in a semi-automated fashion.

An HSIS study was conducted in 1996 to determine the
accuracy of the horizontal alignment data as collected by one
of the commercially available pavement monitoring vehicles
(46). This study, sponsored by FHWA, included road inven-
tory and crash data from nine states for the purpose of
performing safety analyses. Four rural two-lane roadway

segments were selected, and data were collected using multi-
ple passes on each segment. The study concentrated on the
consistency of data, specifically if the results were repeatable
from one pass to another, and if the data collected reflected
accurately the data of the as-built design plans. The results
showed that only 53% of the curve radii and 38% of the curve
lengths met the established criteria for consistency. The con-
clusion of the study was that the data collection technology
and post-processing software were not reliable in producing
accurate horizontal alignments.

In 1999, the Connecticut DOT developed an algorithm for
processing the data collected from their instrumented vehicle
(46). The algorithm used video-log data and the inertial mea-
surement unit. The algorithm was part of a software package
called the horizontal curve classification and display system.
The results of the algorithm showed improvements in the
consistency among multiple runs of the same roadway seg-
ment and accuracy with the as-built design plans.

In 2003, the Highway Safety Research Center at the Uni-
versity of North Carolina (UNC–HSRC) conducted a study
to more fully evaluate the Connecticut DOT algorithm (46).
The study included 10 rural two-lane roadway segments and
5 runs were made in each direction on each roadway segment
using the Connecticut DOT instrumented vehicle. The results
of the consistency analysis showed that 80% of the sites
tested had an excellent or good level of agreement and all the
points of curvature and points of tangency for a given site
varied by less that 165 ft (50 m). The consistency analysis
results indicated that there were problems producing consis-
tent radii and lengths for horizontal curves. The results of the
accuracy analysis showed that only 50% of the runs were
considered to be in good or excellent agreement with the as-
built roadway design plans (46). 

In 2002, FHWA and Turner–Fairbank Highway Research
Center began development of a digital highway measurement

FIGURE 18 Road inventory vehicle with digital cameras and
road profiling system (46).
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This software also computes the center, radii, and the degrees
of curvature. A similar post-process is performed to deter-
mine the vertical alignment components, such as points of
vertical curvature and tangency. The results of both analyses
have shown improved accuracy over commercially available
vehicles. Specific accuracy ranges for various cross-sectional
elements are provided in Table 6. As a next step, FHWA and
Turner–Fairbanks Highway Research Center plan to com-
pare results from this inertial system with the GPS system to
determine if a less expensive vehicle could be used with sim-
ilar accuracy. The current cost of the DHMV is estimated at
approximately $1 million.

The primary benefit of using specially equipped vehicles
is a reduction in the amount of the manual labor required to
survey roads or extract information from plan sheets to
enable safety analysis. Using instrumented vehicles, data can
be collected at highway speeds in a continuous fashion. In
some cases there is a sacrifice in accuracy for collecting at
highway speeds; however, this can be minimized with care-
ful calibration of the vehicles.

Video-Log

A video-log is a video obtained from a specially equipped
vehicle that provides a visual record of each highway as well
as the immediate roadside environment. Most of the instru-
mented vehicles described previously contain a video-log
function; however, video-logs may be obtained without all of
the data elements provided by additional sensors typically
found on the instrumented vehicles. Video-logs provide infor-
mation about roadway and roadside elements without requir-
ing site visits. The video-log usually contains images every
1/100th of a mile, which are stamped with information includ-
ing date, highway number/name, and milepoint or GPS coor-
dinate (see Figure 21). Video-logs are used to determine
location of assets such as signs, signals, and roadside hard-
ware. The videos may also be used to identify elements of
interest such as driveways, intersections, and roadside
hazards, or to determine roadside hazard ratings. Information
may be retrieved as needed from the videos, or the videos may
be processed systematically to acquire specific elements for a

vehicle (DHMV) (Figure 19) to measure accurately the
horizontal and vertical alignments of roadways to generate
road profiles. A multitude of sensors (e.g., lasers, inertial nav-
igation systems, and differentially corrected GPS) provide
data that are fused to define an accurate depiction of the road
and roadside including horizontal and vertical curvature and
roadside hardware. The DHMV is equipped with a high-accu-
racy, nationwide differential GPS system unit. In addition to
this system, a high-resolution inertial navigation system, sim-
ilar to the ones used in airplanes, is also used to determine
heading, roll, and pitch data. The high-accuracy, nationwide
differential GPS unit and the inertial system collect data on
highway geometry as the vehicle travels at normal highway
speeds. The 360-degree scanning laser mounted on top of the
van in the rear constantly measures distances to road surfaces,
roadside obstacles, and vertical obstacles. This device is also
used to determine vehicle wander by accounting for the posi-
tion of the vehicle in between the pavement markings or lane
lines (see Figure 20). Accounting for vehicle wander in the
lane greatly reduces the error of geometric position, espe-
cially within curve segments where drivers tend to naturally
drift toward the inside of the curve. The resulting cross section
shows the vehicle trajectory, centerline, edges of the pave-
ment, edges of the lane markings, slope, guardrails, and other
common safety hardware.

The DHMV uses post-processing software to extract the
horizontal alignment curvature data measured from the cen-
terline as defined by the points of curvature and tangency.

FIGURE 19 FHWA–Turner–Fairbank Highway Research
Center digital highway measurement vehicle.

FIGURE 20 Lane wander measured by 360-degree
scanning laser.

TABLE 6
ACCURACY OF DIGITAL HIGHWAY MEASUREMENT
VEHICLE SYSTEM COMPONENTS AND ANALYSIS

Parameter Accuracy
Pavement Marking Less than 1 in.
Edge of Pavement Less than 6 in.
Vehicle Wander Less than 1 in. when pavement markings 

are available
Cross-Slope 0.01%

0.03 in. at range of 7 ft
0.14 in. at range of 30 ft
0.24 in. at range of 50 ft

gHorizontal Ali nment Less than 2 ft
Vertical Alignment 0.01%

Roadside Profile
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roadway inventory file. Historically, the video-log process
used VHS technology; however, more recently, state DOTs
have turned to more advanced digital video systems. Digital
video systems allow individual image frames to be recorded
and referenced by roadway inventory logs or GIS systems. 

State DOTs have varying schedules for maintaining
video-logs. The schedules are usually driven by the number
of state-maintained road miles and the need for updates as a
result of construction activities. Most states are on a two to
three-year collection cycle, and videos are usually retained
for a minimum of two cycles. In the past, storage of the VHS
tapes became an issue. Digital video retention is limited only
by the amount of data storage provided by the computer net-
work. Video is captured in both directions of the highway,
and the view displayed is what the “driver” would typically
see as they proceed along the road. Newer video systems are
capturing multiple video feeds, providing a wider cross-
section display of the roadway. 

The Oregon DOT developed a digital video-log using
Washington State’s software as a base for the system. Two
versions of the video-log are available for use—one for inter-
nal use and one for external/public use. The external use ver-
sion can be found at http://www.oregon.gov/ODOT/TD/
TDATA/gis/odotgis.shtml#Web_TransGIS_and_Video_Log.
Several states, including California, Oregon, and Washing-
ton, have provided public access to video-logs for use by state
visitors as well as other in-state users. In Oregon, approxi-
mately one-half of the state highway system is taped annually,
with emphasis on Interstate and U.S. routes. The annual
video-log seasons run from May 1 to April 30. The highway
milepoint log report is a snapshot of data from the Integrated
Transportation Information System database. A yearly snap-
shot is taken at the beginning of the taping season in May. 

The Oregon video-log Internet application provides a
good example of the capabilities of a digital video-log. The
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video-log is referenced to state highway numbers, although
the Oregon DOT maintains a roadway reference log associ-
ating state highway numbers with Interstate numbers and
other commonly used roadway names. The graphical user
interface (GUI) shown in Figure 22 allows users to view
entire routes with a pretimed video sequence or define spe-
cific locations along the route of choice for viewing. The GUI
also allows users to rewind, skip forward or backward, pause,
and extract or print digital images. The milepoint informa-
tion stamped on each image provides a link to the road inven-
tory log, which can be accessed directly from the GUI by
pressing the Highway Log button beneath the image. The
highway log provides route number, milepoint, roadway
codes (roadway characteristic codes), and milepoint descrip-
tions for each location where there is a change in roadway
characteristic. A snapshot of a highway log is shown in
Figure 23.

The California DOT (Caltrans) also maintains an Internet
video-log application with access at http://video.dot.ca.gov/
photolog. There are a couple of major differences between the
two external applications. The Caltrans photo-log (Figure 24)
provides a GIS map interface for identifying road sections for
viewing, whereas the Oregon DOT interface is text-based.
Furthermore, the Oregon DOT provides connectivity to view
highway log information, whereas the Caltrans application
does not. Regardless, each system provides both capabilities
on internal systems. 

Satellite Imagery

Remote sensing is the measurement or acquisition of infor-
mation of an object by a recording device that is not in phys-
ical or intimate contact with the object. In practice, remote
sensing is the use at a distance (as from aircraft, spacecraft,
satellite, or ship), of any device for gathering information
about the environment. Satellite and aerial photography
images are the two most commonly used forms of remote
sensing in transportation. Within a GIS, digital satellite
images generated through remote sensing can be analyzed to
produce a map-like layer of digital information about a
transportation network and the surrounding land use. The
quality of remote sensing data consists of its spatial resolu-
tion. Spatial resolution refers to the size of a pixel that is
recorded in a raster image—typically, pixels may corre-
spond to square areas ranging in side length from 1 to 1000
m. Remote-sensed data can be used in a similar manner to
the video-log to identify elements of the transportation net-
work. However, unlike the video-log, satellite imagery is
typically georeferenced; therefore, elements are inherently
tied to spatial coordinates. 

In the development of recent crash prediction models 
(3, 4), the number and type of driveways have been found to
be significant factors. When access through driveways is not
effectively managed, increases in crash rates, congestion, and

FIGURE 21 Oregon state video-log frame taken July 28, 2004,
on Pacific Highway East at milepoint �4.23.
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motorist delay may result. Research has shown access man-
agement techniques to be highly effective in increasing high-
way safety and improving traffic operations—reducing crash
rates on case study routes from 18% to 77% (47). Unfortu-
nately, a number of barriers exist to prevent widespread adop-
tion of access management treatments including: 

• Resistance from the local business community,
• Lack of ability to predict future problem areas,
• Difficulty in applying models relating access control

and safety owing to cost and availability of data, and
• Lack of a systematic approach.

Researchers from Iowa evaluated remote sensing as a
method to reduce barriers resulting from the cost and avail-
ability of driveway access data (48). With the magnitude of
roadway networks that most state DOTs are responsible for
maintaining, the potential exists for remote sensing tech-
niques to reduce the cost of data collection required for
development of access management programs. Field data
collection of roadway and roadside attributes is expensive,
requiring vehicles, multiple personnel, and time to cover

necessary mileage, regardless of the existence of subject
characteristics. The researchers selected a 3.9-mile corridor
in Ames, Iowa, for analysis. The corridor was subdivided
into numerous segments of varying driveway density,
median types, and land uses. Digital orthophotography was
available for the corridor at 6-in., 2-ft, and 1-m resolutions.
The corridor was measured in the field by researchers and
the data derived from imagery was compared with the field
observations. Table 7 shows that for the three levels of
imagery, the 6-in. resolution provided reliable data for
access attribute data collection. 

Figure 25 shows the quality and potential uses of the 6-in.
resolution imagery. Commercial and residential driveways,
two-way left-turn lanes, and raised medians are all clearly
visible in the images. It was noted that the time required to
obtain the access data from images was 5 h, a clear reduction
from the 10 h required to collect the same data in the field.
Furthermore, remotely sensed, systematic data collection
and processing, although less expensive than field data
collection, was still considered time consuming, and thus
expensive.

FIGURE 22 Oregon digital video-log graphical user interface.
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Trns*port

Several states have begun programs to convert paper-based
plan and profile sheet archives to digital media. This effort
is directed toward a more efficient plan retrieval process.
Plan sheets are frequently needed to determine specific road-
way characteristics for planning studies, safety studies, and
rehabilitation activities. Unfortunately, in most states, only
one copy of the as-built plan is maintained at either the
district or state office; therefore, the usability is greatly
diminished. By scanning the plans to PDF or another image
file format, DOTs can provide access to all plans through
intranet access. Access to plan sheets provides a wealth of
information, but also requires a significant amount of man-
ual labor to extract the information. Provision of original
electronic drawing files in read-only format is a much more
efficient means for retrieving data. An existing AASHTO-
Ware product (49), Trns*port®, includes a module that
allows for electronic plan files to be provided along with bid
requests and other documents created during construction
and maintenance contracting phases. 

As with other AASHTO software, AASHTO Trns*port
(49) was developed in the joint development process,
whereby multiple states work together to develop a cost-
effective solution while promoting best practices
approaches. AASHTO Trns*port consists of the following
14 modules designed specifically for transportation agency
preconstruction and construction management: 
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• CES®—Cost Estimation System
• PES®—Proposal and Estimates System
• LAS®—Letting and Award System
• CAS®—Construction Administration System
• BAMS/DSS®—DataWarehouse and Decision Support

System
• Trns*port Expedite®—Electronic Bidding System
• Trns*port Intranet™—Web Browser Access to

Trns*port Information
• Trns*port Estimator®—Cost Estimation Workstation
• Trns*port SiteManager®—Construction Management

System
• Trns*port SitePad™—Handheld Data Collection Soft-

ware for SiteManager
• Trns*port SiteXchange®—Subcontractor Data Transfer
• Trns*port FieldManager™—Construction Management

Suite for Project Engineers and Inspectors
• Trns*port FieldNet™—Electronic Data Transfer Sys-

tem for FieldManager
• Trns*port TRACER™—TRAnsportation Cost Esti-

matoR.

Trns*port Expedite (49) is an electronic bidding system
application designed to work with Trns*port PES (proposal
and estimating) and LAS (letting and award), or any similar
proposal preparation and bid letting management system.
Expedite allows bidders to receive proposal information
including item schedules, plan sheets, disadvantaged business
enterprise requirements, and affidavits; enter all information

FIGURE 23 Snapshot of Oregon DOT highway log accessed from video-log application.
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FIGURE 24 Caltrans photo-log graphical user interface.

TABLE 7 
DETECTABILITY OF ACCESS RELATED ELEMENTS FOR VARYING
ORTHOPHOTOGRAPHY RESOLUTIONS

6-in. 2-ft 1-m
Number 100% >72% >60%
Land use >99%1 >99% *

Presence 100% >50% **
Type 100% >50% **

TWLTL Presence 100% 0% **

Type2 100% 0% 0%

Frequency 100% 100% 100%

Source: Souleyrette et al. (48).
TWLTL = two-way left-turn lane.
1Based on number of driveways identified.
2Signalized or unsignalized.
*Not feasible on a case-by-case basis; in most cases evaluation can only be made based on the surrounding area
under consideration.
** Segments considered for analysis did not have medians or two-way left turn lanes at the time the aerial photo
was taken.

Access Related Data Elements
Detectability

Driveways

Medians

Intersections
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required for a valid proposal; and submit item bids in a secure
machine-readable form. 

Design plan and profile sections are typically created
within a preconstruction group at the DOT and submitted to
a contracting group for administration of the bidding and
award process. The plans are used extensively in the bidding
process and have historically been transferred to bidders in
hard-copy format. With the change to electronic bidding
processes, plan sheets are now being offered in electronic
format to conform to the requirements of the Trns*port
Expedite software. The Georgia DOT has implemented such
a system (50). When design plans are sent to the printer,
both paper and electronic versions are generated. The plans
are posted on BidExpress as downloadable PDF files.
DesignStore contains folders of plans listed by project num-
ber, divided into multiple folders including cover index,
plan sheets, and revisions. These files are then maintained
along with contract materials in accessible archives. The
inclusion of actual CAD files would consume a significant
amount of electronic storage capacity; however, by doing
so, a significant amount of labor would be saved in the
future. Common drawing export formats (XML) already
exist and could be used to maintain drawing data in a long-
term readable format. 

In summary, using products such as Trns*port to maintain
information about projects allows DOTs to construct histor-
ical timelines for roadways with minimal effort. Plan sheet
archives provide an efficient method for providing access to
design information and reduce labor requirements associated
with site visits. Provision of electronic drawing files would
only further reduce labor required to extract information
from plans. The Georgia DOT has a novel interface that
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connects to the contracting archives. The Internet application
will be discussed in a following section on data manage-
ment—Middleware. 

TRAFFIC OPERATIONS DATA COLLECTION
TECHNOLOGIES

Nonintrusive Traffic Counters

Collecting traffic volumes allows agencies to determine
expected crash rates for a road segment or intersection
based on similar operational characteristics. This informa-
tion can be used to rank roadways and intersections by
priority for receiving safety funding. A sampling of traffic
volumes is required for the HPMS; however, these are not
comprehensive. The HPMS-sampled volumes provide a
basis for determining federal monetary allocations to states
under SAFETEA-LU. 

Various devices are available for vehicle detection using
both intrusive and nonintrusive methods. Nonintrusive tech-
nologies are those where deployment causes minimal dis-
ruption to normal traffic operations and installation can be
done more safely than with conventional methods. Based on
this definition, nonintrusive technologies are represented by
devices that do not need to be installed in or on the pavement,
but can be mounted overhead, to the side, or beneath the
pavement by pushing the device in from the shoulder. Four
common intrusive detectors that have been used for decades
are inductive loop detectors, pneumatic road tubes, bending
plates, and piezoelectric sensors. One downside of using any
intrusive detector is the damage to the pavement during
installation, maintenance, and replacement. Inductive loop
detectors consist of a wire buried under the pavement. The
wire creates a magnetic field that, when disturbed, recognizes
a vehicle and counts it. Some disadvantages to using a loop
detector include the susceptibility to installation errors, fre-
quent inability to recognize motorcycles, and short life span.
Pneumatic road tubes count vehicles by being placed across
a lane and recording changes in pressure as vehicles pass
over it. Tube counters can become dislodged and have lim-
ited lane coverage. A bending plate detects vehicles through
weight and is typically used for weigh-in-motion. This costly
metal plate is embedded in the roadway. An electronic
(piezoelectric) sensor is placed in a groove cut into the road
and measures the speed and possibly the weight of each
vehicle. These sensors may last three or more years (51).

Although these intrusive detectors are quite common, the
use of a nonintrusive detector eliminates the need to close
lanes for sensor installation and replacement. Manual counts
are one option for nonintrusive traffic volume data collec-
tion. They are easy to conduct; however, labor requirements
are expensive, and the use of technology increases the accu-
racy of the counts. Other nonintrusive methods that are
becoming more widespread include passive and active

FIGURE 25 Quality and use of 6-in. imagery (48).
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infrared; microwave and Doppler radar; and ultrasonic,
passive acoustic, and video image detection. The Minnesota
DOT and a consulting firm, with sponsorship from FHWA,
recently completed a two-year test of nonintrusive technolo-
gies. The final report provides useful information about the
performance of nonintrusive technologies and gives specific
information on which technologies are best suited for partic-
ular data collection needs (51).

Passive and active infrared sensors are typically installed
on a bridge, pylon, or mast arm and can count volume, speed,
and classification data for multiple lanes simultaneously.
Passive devices measure the radiated infrared energy from
the detection zone by comparing the vehicle temperature
with that of the background environment (52). Active
infrared sensors measure the time it takes a laser beam to
travel from the device to the roadway and back (52). If a
vehicle is in the roadway, the time will decrease, thus indi-
cating its presence. Infrared detectors sometimes have
difficulty taking measurements in heavy rain or snow (53).
Passive detectors were tested in Minnesota at both intersec-
tions and freeway applications, while active detection was
only tested on freeway. Both test scenarios showed good
potential for detecting traffic (51). 

Doppler microwave radar devices send a low-energy
microwave radiation signal to the detection area. A change
in this signal indicates the presence of a moving vehicle and
determines its speed (52). Radar can have trouble detecting
vehicles that are close together, but is not affected by weather
(53). Doppler microwave detectors were tested at freeway
sites with good potential for detecting traffic and measuring
the speed of moving vehicles (51). The performance of these
detectors at intersection test sites was poor (51). Radar
devices that do not use the Doppler Effect send high-
frequency radio waves toward the detection zone and calcu-
late the delay. These devices can detect stationary vehicles,
whereas the previous type could not. 

Ultrasonic detectors send ultrasonic sound energy to the
roadway and measure the amount of time for the signal to
return to the device (52). A vehicle is counted when the time
for the sound energy to return is less than normal. Pulse ultra-
sonic technologies have good potential for detecting traffic at
both intersection and freeway applications (51). Passive
acoustic detectors also use sound waves; however, they detect
the sound of a vehicle passing through the detection zone with
a series of microphones (52). This device uses prepro-
grammed sounds generated by contact between the pavement
and tires to identify the classification of each vehicle (52).
Passive acoustic detectors were found to only have a moder-
ate potential for detecting vehicles in intersection and freeway
applications (51). Temperature, wind turbulence, and snow
may affect the data collection capabilities of these devices. 

Video image detectors use a closed circuit television sys-
tem to count the number, speed, and type of vehicles passing

the detection zone, which may consist of multiple lanes. In
addition, cameras can detect traffic incidents by determining
changes in speeds. Cameras are mounted in such a way so as
to achieve an unobstructed view of the desired lanes to be
counted. The accuracy of video detection decreases in
inclement weather (52). Video requires extensive installation
and setup time and is not as accurate as other technologies;
however, it has the advantage of offering a wide variety of
traffic data (51). Additional benefits include side-fire mount-
ing and surveillance options (51).

Table 8 compares the approximate costs of each of these
nonintrusive traffic detectors with loop detectors when used
on freeways or at intersections (54). These costs may vary
significantly depending on the specific location, number of
lanes, installation and labor costs, and vendor. It is interest-
ing to note that despite the lower costs of many types of non-
intrusive data collection devices, many agencies still heavily
rely on inductive loop detectors (52). In part, this may be the
result of the comfort of using a technology that has existed
and that many agencies have heavily relied on for years.
Loop detectors are widely used, simple, and reliable during
their life span, whereas many nonintrusive detectors are
newer technologies that are still being evaluated by agencies. 

The nonintrusive test report (51) contains a number of
important findings with regard to accuracy for various data
parameters and issues to consider in terms of installation
and calibration requirements of the devices. Overall, non-
intrusive technologies provide a viable alternative to loop-
detection and other intrusive technologies for a similar price.
The major benefits come from the ability to conduct counts
more comprehensively by relying on mobile devices rather
than on permanent devices, as well as improving safety and
reducing congestion during installation.

Intelligent Transportation Systems

Beginning in 1997, the U.S.DOT Intelligent Transporta-
tion Systems (ITS) Joint Program Office (JPO) began
tracking the deployment of ITS technologies in 78 major

TABLE 8
COST COMPARISON OF TRAFFIC DETECTORS

Freeway
(per lane)

Four-Way 
Intersection 

   Inductive-loop detector $750 $6,000

   Passive infrared sensor $443 $8,051
   Active infrared sensor $1,293 $14,520
   Radar detector $314 $3,590
   Ultrasonic detector $644 $6,350
   Passive acoustic detector $486 $7,000
   Video image detector $751 $25,000

Source: "Intelligent Transportation Systems Traffic Surveillance" (54).

Intrusive Detectors

Nonintrusive Detectors

Application

Detector Type
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metropolitan areas. Nine ITS infrastructure components
have been included in the assessments and, recently, the
tracking has included rural deployments and deployments
in medium-size cities. The surveyed infrastructure compo-
nents include: freeway management, incident management,
arterial management, emergency management, transit man-
agement, electronic toll collection, electronic fare payment,
highway–rail intersections, and regional multi-modal trav-
eler information. Information is gathered through a set of
surveys distributed to the state and local agencies involved
with these infrastructure components. The surveys gather
information on the extent of deployment of the infrastruc-
ture and on the extent of integration between the agencies
that operate the infrastructure. Deployment is measured

42

using a set of indicators tied to the major functions of each
component (55).

The baseline survey was conducted in 1997, and updates
were undertaken in 1999, 2000, and 2002. The 2002 survey
also included questions about projected use levels for 2005.
Figure 26 provides the 2002 snapshot of summary indicators.
With the exception of highway–rail surveillance, all other
ITS component areas have seen a growth in deployment,
with expectations of continued growth in the future. These
trends indicate that a significant portion of our transportation
system has the ability to provide data on traffic operations for
safety analysis. The following are several findings taken
from the summary report (55) for the 2002 update: 

FIGURE 26 Performance measure tracking survey—78 largest metropolitan areas (55).
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• The highest levels of deployment are observed
for emergency management (CAD) and electronic
toll collection, which are approaching complete
deployment.

• The deployment of arterial incident management lags
significantly behind that reported for freeways, but has
shown a steady rate of increase for the period of the
surveys.

• Transit agencies are deploying technology on a signifi-
cant portion of their fleets, with a major increase pro-
jected for 2005.

• Freeway deployment, in the form of traffic surveillance
and service patrols, has been increasing steadily and
projections indicate this trend will continue in the future
to the extent that more than half of the freeway miles
will be covered.

The 2002 survey summary also indicated that nonintru-
sive surveillance technologies are continuing to gain
ground. Figure 27 shows the change in implementation sta-
tus between 1997 and 2005 for the main technologies, indi-
cating only modest gains in loop-detection deployments.
Additional data reports are available for special areas such
as arterial safety, and data for individual states may also be
obtained from the ITS–JPO website. The safety report (56)
indicated that relatively few technologies were being
deployed to improve the safety of arterial streets. The fol-
lowing three safety questions are of relevance to this syn-
thesis of technology: 

• Do you use electronic devices to collect pedestrian
data? (33 of 308, or 11%, responded “Yes,” with push-
buttons being favored). 

• Do you use electronic technologies to improve the
safety and mobility of pedestrians? (77 of 305, or 25%
responded “Yes,” with countdown signals and in-
pavement lighting being favored).

• Does your agency use automated enforcement in facili-
ties under its jurisdiction? (30 of 304, or 10% responded
“Yes,” with red-light running and speeding cameras
being favored).

Another report (57) completed for the ITS–JPO provides
comprehensive coverage of most of the technologies avail-
able for ITS deployments. The document is an excerpt from
a compendium report that looks back on the first 10 years of
the National ITS Program to examine which ITS technology
applications were successful, which were not successful,
and what the underlying factors are that determine success
versus failure. An excerpt from a summary table in the
report is shown in Table 9. This document examines cross-
cutting technologies for surveillance and communications,
as well as programmatic issues, such as planning and analy-
sis tools, archived data, standards, and architecture.
Although the report is a few years old, it remains compre-
hensive in its coverage and valid in its evaluation of tech-
nology success. Few technologies have been added since the
time of the publication. 

The benefits of ITS technology deployments are many. So
many, that the ITS–JPO dedicated a website (http://www.
itsbenefits.its.dot.gov/) to showcase benefits obtained through
ITS technology studies. Additional information is also avail-
able regarding costs. Some examples of benefits related to
safety include:

• Automated pedestrian detection systems that prevent
vehicle–pedestrian conflicts; reducing dangerous cross-
ings at crosswalks by 81%.

• Dynamic message signs that warn drivers of high winds
and harsh driving conditions can reduce traffic speeds
by 16% and improve uniformity of traffic flow.

• Freeway management systems that detect congestion,
initiate lane controls, and warn drivers of slow traffic
can decrease accident rates by 23%. 

• Maryland incident management system that cuts
incident duration by more than half in the Baltimore–
Washington region.

Given the numerous potential technologies available for
deployment and the associated benefits and costs, analyzing
an array of implementation strategies can be a difficult task.
FHWA recognized this difficulty and, in 1997, initiated a pro-
gram to assist public agencies and consultants in integrating
ITS in the transportation planning process. ITS Deployment
Analysis System (IDAS) software, developed by FHWA, can
be used in planning for ITS deployments. State, regional, and
local planners can use IDAS to estimate the benefits and costs
of ITS investments. IDAS currently predicts relative costs and
benefits for more than 60 types of ITS investments. IDAS pro-
vides users with the following capabilities:

• Comparison and screening of ITS alternatives,
• Estimation of impacts and traveler responses to ITS,

FIGURE 27 ITS technology implementations in metropolitan
areas from 1997–2005 (55).
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• Estimation of life-cycle costs,
• Inventory of ITS equipment and identification of cost-

sharing opportunities,
• Sensitivity and risk analysis,
• ITS deployment and operations and maintenance

scheduling, and
• Documentation for transition into design and imple-

mentation.

The latest version of the software, IDAS 2.3, was released 
in November 2003 and can be found online at http://idas.
camsys.com/.

Although there are many safety benefits associated with
using ITS system technologies (i.e., reduced congestion,
improved traffic flow, fewer crashes), the main benefit of
ITS systems for safety analysis is related to the data archives
that are generated by such systems. Hu et al. (19) defined a
number of data elements and potential uses including:

• Traffic volume—establishes the relationship between
traffic volume and crash occurrence.

• Traffic speed—establishes the relationship between
traffic speed and crash occurrence.

• Vehicle classification—quantifies the impact of traffic
mix on crash occurrence.

• Incident—determines the impact of incidents on crash
occurrence.

However, the relationships that could potentially result from
the use of archived data would be limited to areas with active
ITS infrastructure and archival processes. Perhaps the main
reason that these systems have not been heavily used for
safety analysis is because they tend to be placed on major
freeways in urban areas, which in terms of crashes are not the
worst facilities. Additional information on archived data will
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be provided in the Traffic Operations Data Management
Section to follow.

Nonstandard Data Sources

There is a continuing need for better exposure data. Available
exposure data usually consist of traffic volume data collected
from a large number of locations within each state and a lim-
ited number of vehicle classification counts. There is little or
no exposure data on individual driver groups or pedestrians.
Future innovations in data collection might include collection
of vehicle-based mileage through annual vehicle-inspection
odometer reports or driver-license odometer reports. Unfor-
tunately, not all cities and states have EPA requirements for
implementing inspection and maintenance programs—only
those that are in nonattainment areas must comply. Further-
more, requiring an odometer check with driver’s license
brings up the issue of vehicle ownership and vehicle sharing. 

Another potential source of data comes from instrumented
vehicle research studies such as the Commute Atlanta Study
(58) sponsored by FHWA. In this study, 500 vehicles are
equipped with an after-market device that records the posi-
tion and time for every second of vehicle operation. The lim-
ited sample size precludes these data from being widely used
to determine mileage, but does allow researchers to check
assumptions made about travel patterns within age groups
and across sociodemographic backgrounds. Although these
data sources are not perfect, there is a potential to supplement
the existing spot volume data.

CRASH DATA PROCESSING TECHNOLOGIES

Document Scanning

Government records are subject to preservation laws deter-
mined by the state, as well as public record acts. Crash records

TABLE 9 
EXCERPT FROM ITS TECHNOLOGY SUMMARY

Technology Deployment Level Limiting Factors Comments
Cell phones for incident reporting Widespread deployment N/A Successful
Cell phones for emergency 

notification
Limited deployment Relatively new; mostly sold in new 

vehicles—takes long time to reach 
30% of vehicle fleet

Successful—number of equipped 
vehicles growing rapidly

GPS for position, determination, 
automatic vehicle location

Moderate deployment in fleets 
(transit, trucking, emergency 
vehicles)

N/A Successful—use continuing to grow

Video surveillance Widespread deployment N/A Successful

DSRC (toll-tags) for travel time data Limited deployment Mostly used only in areas with 
electronic toll collection.  Requires 
power and communication to readers

Successful—holds promise

Direct link between Mayday systems 
and public safety answering points

Limited deployment Still in research and test phase, 
significant institutional policy and 
technical issues

Jury is still out—no known 
deployments

Cellular geo-location for traffic 
probes

Limited deployment New technologies just beginning 
field trials

Jury is still out—older technology 
unsuccessful

Source: McGurrin (57).
N/A = not available; DSRC = Safety Research Center.

                             Sensor and Surveillance Technologies
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are no exception. These records must be maintained for pur-
poses of litigation and public safety analysis. In recent years,
state agencies have been scanning crash record documents to
convert paper or microfilm archives into paperless electronic
systems that allow easier access to multiple offices and agen-
cies through existing Internet or intranet connections. This
movement has spurred a debate among many archivists as to
whether “to scan or not to scan” given the records manage-
ment requirements. The retention period for a record applies
to the record regardless of the medium in which it is main-
tained. Electronically stored data used to create in any man-
ner a record or the functional equivalent of a record must be
retained, along with the hardware and software necessary to
access the data, for the retention period assigned to the record.
The exception to this rule applies when backup copies of the
data generated from electronic storage are retained in paper or
on microfilm for the retention period.

To date, microfilm still provides the highest-resolution,
longest-lasting media available for record storage (59). Prop-
erly prepared microfilm has a storage life of 100–200 years
with proper storage conditions (59), whereas pressed com-
mercial disks may have a lifespan of 100 years and writable
media may provide only 7 to 30 years depending on the qual-
ity of the disc (59). Additional concerns for digital media
include the longevity of technology required to read media and
the availability of the media itself. Although microfilm is a
permanent, eye-readable media, digital media requires a com-
puter and software to be read. Computers have come a long
way in the last few decades, and at times new media technol-
ogy is replaced as quickly as it is introduced. Therefore,
although the media may last 7 to 30 or even 100 years, the
technology to read it may be obsolete in a much shorter time.
Despite these concerns, digital imaging is preferred, by far, for
its innate ability to provide widespread access to records. 

The Washington State DOT (WSDOT) recently com-
pleted a crash report scanning project that resulted in process
efficiencies with the ability to generate up to $4 million per
year in additional revenue. WSDOT inherited the paper-
based crash reporting system from the Washington State
Patrol and proceeded to completely overhaul the system.
After developing detailed business process documents and
specifications for equipment, resolution, and data storage, the
system was put out for bid. The upfront attention to detail
ensured a successful system implementation. The solution
includes a document capture system to scan or convert paper
crash reports to electronic TIFF documents. The reports are
made available to the public one to two days after receipt,
and city and county engineers receive jurisdictional data
once per month. With the previous system it took four weeks
to process public requests for reports, and city and county
engineers had not received jurisdictional data in more than
five years. Owing to the increased efficiency of this docu-
ment management system, it also is helping the agency raise
extra revenue. WSDOT estimates it is now collecting between
$3 and $4 million annually for damage to state-owned

property that it was previously unable to obtain. With the pre-
vious paper-based system it took too long to get the paper
reports for a specific accident; therefore, by the time the DOT
determined the party responsible for damage to roadside
hardware and signage the insurance case would be closed.
WSDOT plans to integrate new capability to receive elec-
tronic crash reports within the next two years (60).

Digital imaging is defined as the ability to capture, store,
retrieve, display, process, and communicate or disseminate
records electronically using a variety of hardware and
software components. With proper planning and design,
agencies can significantly improve business operations with-
out endangering business processes when technologies
become obsolete. A number of guidance resources exist, as
well as several American National Standards Institute (ANSI)
and Association for Information and Image Management
(AIIM) recommended practices. The National Archives
website (61) contains a Toolkit for Managing Electronic
Records. The Toolkit is a web portal that provides summary
descriptions of a collection of guidance products for manag-
ing electronic records and resources (“tools”) that have been
developed by the National Archives and Records Adminis-
tration and other organizations. In addition, many states
maintain their own guidance documents for imaging. These
guidance documents often reference ANSI/AIIM standards.
The following points of guidance were developed by the
Nebraska State Records Administrator (62): 

• When determining document scanning resolution,
agencies should consider data storage requirements,
document scanning throughput rates, and the accurate
reproduction of the image. Vendor claims should be
validated using a sampling of the agency’s documents.
Calibration and maintenance of the scanners should
meet the manufacturers’ recommended schedule. The
minimum resolution for black and white standard text
office documents is 200 dots per inch (dpi), and draw-
ings, maps and plans should be scanned at a minimum
resolution of 300 dpi.

• The system should provide techniques for monitoring
and reporting verification of the records stored on a
digital optical disk, and the system administrator should
actively follow the status of the monitors. The system
should comply with ANSI/AIIM MS59-1996, “Media
Error Monitoring and Reporting Techniques for Verifi-
cation of Stored Data on Optical Digital Data Disks.”

• Agencies should use a nonproprietary digital image file
format or provide a bridge to a nonproprietary digital
image file format. A standard definition for file formats
is found in ANSI/AIIM MS53-1993, “Standard
Recommended Practice, File Format for Storage and
Exchange of Images, Bi-Level Image File Format, Part
1,” or open published standard file formats, such as the
Adobe Portable Document Format (PDF), HyperText
Markup Language (HTML), or Extensible Markup
Language (XML).
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• The query interface for the indexing database should
meet the requirements of Federal Information Process-
ing Standards Publication 127-2, “Database Language
SQL.” The purpose of this publication is to promote
portability and interoperability of database application
programs.

• The agency should establish operational practices and
provide technical and administrative documentation
to ensure the future usability of the system, continued
access to long-term records, and a sound foundation
for ensuring the system’s legal integrity. Procedural
controls should reflect requirements for the legal
acceptance of records as outlined in AIIM TR31-
1992, “Performance Guideline for the Admissibility
of Records Produced by Information Systems as
Evidence.”

• The agency should perform a visual quality control
evaluation of each scanned image and related index
data. When the system is operational, the agency
should perform a weekly scanning quality test that
complies with ANSI/AIIM MS44-1988 (R1993),
“Recommended Practice for Quality Control of Image
Scanners.”

Wireless Data Communications

Wireless communications and data transfer capabilities have
changed immensely over the last decade. Starting with analog
technologies, which were limited to approximately 56 kbps
maximum throughput, technologies have become increas-
ingly more efficient and cost-effective, with the new Edge
technology approaching broadband throughput levels. The
evolution has included such wireless technologies as analog,
Code Division Multiple Access (CDMA), Time Division
Multiple Access (TDMA), 900 MHz, Global System for
Mobile Communications/General Packet Radio Service
(GSM/GPRS), Enhanced Data Rates for GSM Evolution
(Edge), 802.11 a/b/c/g/p, Bluetooth, and satellite service.

Today, numerous wireless technologies and communica-
tions platforms exist to provide communications services at
or below the cost of landline communications. In terms of
data collection and data sharing, these technologies have
changed the way many agencies operate. For example, in
Iowa, Maryland, and New York, police crash reports can be
sent electronically directly to the crash records database from
the police vehicle. Considering that these reports are typi-
cally handwritten at the crash site, keyed at the police
agency, mailed to the public safety agency, keyed at the pub-
lic safety agency, transferred to the transportation depart-
ment, and handcoded for crash location by the transportation
department—a process taking 2–6 months and sometimes
longer—newer electronic crash reporting systems provide
data almost instantaneously. 

Aside from the efficiencies that wireless technologies
provide, they also provide means for better data linkage
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capabilities. One interesting wireless communications proj-
ect, CapWIN (Capital Wireless Integrated Network) (63),
was undertaken in the National Capital Region. CapWIN
created the first multistate, interoperable, public safety, and
wireless data system in the United States to provide a single,
open, shared, and secure system for the public safety com-
munity. The project allows users to access communications
and data networks using an array of technologies including
personal digital assistants, in-vehicle computer systems, and
standard in-office desktop computers. Although the project
benefits large police agencies, the biggest benefit occurs for
smaller jurisdictions that would not be able to afford such a
system on their own. The purchase of mobile data computers
and wireless connectivity is all that is required to use the
resources of the wireless data network. CapWIN includes
several current applications: 

• Access to operational data and resources, including
multiple state and federal law criminal databases;

• Incident management and coordination across agen-
cies, regions, public safety sector, and transportation
disciplines;

• A searchable directory of individual first responders;
and 

• Secure one-to-one and group public and private
discussions.

Future capabilities of the system are expected to include: 

• Multistate sharing of local criminal data not available
through the National Crime Information Center;

• Transportation system integration including remote
video, incident logs, road sensors, etc.;

• CAD data exchange across jurisdictions and public
safety disciplines;

• Advanced GIS capabilities including incident/user GPS
identification, aerial photograph overlays, etc.;

• Voice-over Internet Protocol; and
• Secure e-mail.

Projects such as the CapWIN can provide safety analysts
with additional confidence in data, because mobile comput-
ers can access and import data directly from databases. Thus,
data elements that provide linkages to other data sources are
more reliable and will therefore lead to more complete link-
ages and analytic capabilities.

Geographic Information System

A GIS combines hardware and software to manipulate,
manage, and store information that can be associated with
spatial features. GIS platforms are well-suited for use in
transportation data processing, management, and analysis,
because road networks are inherently spatial in nature. GIS
systems allow for multiple layers of data to be queried for
spatial relationships and trends. GIS has been used in
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transportation planning activities, pavement and bridge
maintenance programs, and traffic operations studies.
However, few states are using GIS extensively for crash
data analysis. 

Researchers at UNC–HSRC developed a GIS-based
highway safety analysis tool (64) using HSIS data for
North Carolina—specifically Wake County. The tool com-
bined multiple types of data including crash, roadway
inventory, signal inventory, pavement management and
condition inventory, railroad grade crossing inventory, and
traffic operations volume files. Additionally, population
and demographic information from TIGER (Topically Inte-
grated Geographic Encoding Reference) census files were
also included. The tool was developed using ArcView GIS
and ARC/INFO. The system allows data to be entered,
edited, analyzed, and exported to other applications. Incor-
porated into the system is the ability to view scanned crash
reports and video-log images. The analysis tools include
five separate programs to evaluate crashes at designated
spots or intersections, along specific roadway segments,
clustered around a specific feature, or within a defined
analysis corridor. 

The GIS-based crash referencing and analysis system pro-
vides the capability to identify problem areas visually, as
well as evaluate countermeasures. Research at UNC–HSRC
(64) determined that a GIS-based system provides a number
of advantages over traditional computerized analysis sys-
tems. It can 

• Edit crash locations quickly with GUI, 
• Evaluate problem locations using spatial graphical

displays, 
• Produce graphics and descriptive plots of crash data, 
• Incorporate GPS for more reliable data, 
• Conduct corridor analysis by linking adjacent routes,

and
• Incorporate nontraditional geographic data sources

such as census data.

The implementation of a GIS requires a significant level
of understanding of GIS requirements, linear referencing
systems, and GIS-based highway safety data analysis tools.
In 2001, UNC–HSRC and GIS/Trans, Ltd. conducted a study
(65) to determine the level of use and methods for integrat-
ing GIS by HSIS states (California, Illinois, Maine, Michi-
gan, Minnesota, North Carolina, Utah, and Washington).
Subsequently, Maine and Washington were selected as case
study states to provide a detailed account of integration
requirements.

The final report is a must-read for any agency or safety
office considering a GIS implementation (65). Over the
years, a multitude of linear referencing systems for road-
way inventory data have been established. The two most
common forms are the route-milepost shown in Figure 28

and link-node systems shown in Figure 29. Each has its
own advantages and disadvantages and can effectively be
incorporated into a GIS. The goal of the research was to ini-
tiate a “common dialogue” between GIS professionals and
traffic safety engineers, whereby teams can develop a suc-
cessful GIS-T infrastructure to support safety analysis. The
document highlights several areas of GIS development
including: 

• Benefits that GIS technology offers for analysis; 
• Description of the historical safety data, linear refer-

encing systems used by these data, and differences
between linear and spatial data; 

• Background on linear reference systems including
types of systems and use of these systems in GIS; and 

• Understanding of GIS management including resolu-
tion, scale, and calibration (65).

The researchers used the two case study states, Maine and
Washington, to portray different types of linear referencing
systems and the implications to GIS development.

FIGURE 28 Route-milepost linear referencing 
method (65).

FIGURE 29 Link–node linear referencing method (65).
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ROAD INVENTORY PROCESSING TECHNOLOGIES

Computer-Aided Dispatch

Safety analysis tools such as IHSDM require a significant
amount of detailed data regarding the geometric alignment
of roadways. One of the best sources for this type of data
is the CAD design drawing. Unfortunately, many years
ago, designers did not have such electronic CAD programs;
therefore, many of our roads come with hand-drawn plans.
A great resource exists today for the data systems of
tomorrow. 

Many of the new versions of CAD programs also have
a mapping component (i.e., Microstation/Geomedia and
AutoCAD/Maptitude). From existing design drawings users
can create maps that can be exported to other mapping pro-
grams or these programs can accept data and be used as the
primary mapping application. Data can be imported from
Open DataBase Connectivity (ODBC)-compliant data sources
such as Access, Oracle, or SQL server. Additionally, raster
images such as satellite imagery and aerial photographs can
be imported as reference data or for use in editing or creating
geographic files. 

The integration of CAD and GIS mapping software pro-
vides a powerful tool for the generation of precision map-
ping. The more data that are generated from design drawings
at project implementation, the less data agencies will need to
collect. A proactive stance with processing and maintaining
mark-up and as-built data files will save extensive labor
resources in the future. In addition, a common export lan-
guage, XML, has been designed to allow portability of files
for the future. XML was developed to store information
inside documents in such a way that the data maintains a
structured organization, and at the same time allows porta-
bility among different platforms—similar to HTML used in
web development. The formal definition and specifications
are developed by the World Wide Web Consortium
(www.w3.org), which “develops interoperable technologies
(specifications, guidelines, software, and tools) for data
exchange among the web. XML was designed to be both
hardware- and software-independent. Simply stated, XML
documents are human-readable text documents. Nearly all
current CAD programs allow data files to be exported in
XML format. Furthermore, analysis tools such as IHSDM
import XML files directly, with no further manipulation
required. 

Inventory Automation Software

Previously, a number of instrumented vehicle technologies
were described along with their benefits for data generation.
These technologies included video-log, GPS data collection,
and roadside scanning. Although many of the technologies
produce data directly, some do not and capture images that
must be interpreted and manually logged by an analyst. For
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example, the use of video-log to objectively identify sign
type and location as well as subjectively estimate roadside
hazard ratings along a road currently requires a manual
process. 

The integration of GPS data streams with other informa-
tion can provide a bridge for the automation of data extrac-
tion within a GIS system. If data are captured relative to
position, automation software can be developed to “play
back” images or data and analysts can add features directly
on the screen, which identifies an element relative to a spe-
cific position. Automation software has been used exten-
sively in the development of pavement management systems,
because a human in the loop best determines some data
elements. Figure 30 shows an example of such a setup.
Automation software is generally developed for specific data
collection purposes; however, most software packages
would allow extensions for other uses (i.e., an automation
package designed to record crack inspection may also be
used to log pavement marking status).

Road characteristics data collection is a tedious, time-
consuming task. Tsai et al. (66) have been working on a
number of automation methods to reduce these time-
consuming tasks. To enhance the road characteristics data
collection processes, a series of cutting-edge, image feature,
extraction algorithms and applications have been developed
to automatically extract roadway characteristics such as
signs (stop sign and speed limit) and pavement geometric
properties using video images. A case study using video-log
images with a resolution of 1300 � 1024 from a Georgia
roadway demonstrates the capability of image feature
extraction technology. The 200 images are batch processed
in less than 3 min using a Pentium-IV 3.06GHz central pro-
cessing unit. 

The main benefit of automation software is the increased
capability to process data more efficiently without duplica-
tion of data keying. Integration of GPS in initial data collec-
tion allows processed data to be related directly with other
data sources in a GIS platform. 

FIGURE 30 Pavement monitoring post-processing workstation.
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CRASH DATA MANAGEMENT TECHNOLOGIES

AASHTOWare—Transportation Safety Information
Management System

A comprehensive TSIMS is under development as part of the
AASHTOWare Joint Software Development Program. The
purpose of the system is to provide users with a universal
interface for all of the transportation safety data within a
state; providing data at both the state and local levels (67).
Originally started in 1999, the TSIMS project underwent a
substantial scope change after the initial Phase I project
uncovered a complex system of safety data, data linkages (or
lack thereof), and data owners. 

TSIMS is envisioned as an enterprise data warehouse
that will capture data from multiple subsystems, establish
linkages between data, and prepare data for analysis. Data
subsystems currently included in the scope are traffic
crash, vehicle registration, driver license and history, road-
way, emergency medical services and trauma, and traffic
citation and conviction data (67). The data may be stored
in an internal relational database or captured through inter-
faces with existing systems. TSIMS is not intended to
replace existing data collection systems, but rather to pro-
vide a common interchange format for use with TSIMS
analysis modules as well as external analysis programs
such as SafetyAnalyst (68). The core TSIMS software will
provide (68):

• A consolidated data warehouse of safety information
based on national data standards and best practices,
including ANSI D.16, MMUCC, and CODES.

• Data import utilities to populate and maintain the data
warehouse from data maintained in existing state
information systems.

• Data translation facilities to translate data formatted
according to existing information systems methods into
a uniform TSIMS format.

• Data analysis and reporting capabilities that will
enable safety personnel to query, report, and analyze
the data, supporting the identification of trends, high
hazard locations, and causal relationships between
the observed crash reports and other related safety
information. 

TSIMS has completed Phase 1 of the project and is work-
ing on Phase 2 as of October 2005. The Phase 2 TSIMS proj-
ect scope includes the final design and development of the
core TSIMS product. This product will provide a consolidated
data warehouse, data import utilities, data translation facili-
ties, and data analysis and reporting capabilities. The Phase 2
project also proposes a variety of discretionary system com-
ponents that can be developed to increase the functionality
and technology that TSIMS imparts. Included among these
discretionary components are the crash locator module, linear
reference translator, and web data services interfaces (69).

Middleware

Middleware consists of software agents that connect multiple
disparate application components. It is used most often to sup-
port complex, distributed applications. For example, many
DOTs maintain separate applications for roadway inventory
information management and railroad crossing information
management—middleware may be used to connect these two
disparate applications to produce queries for federal reporting
requirements. The applications may be developed and main-
tained separately; however, middleware acts as an intermedi-
ary between the two application components. Middleware
technology allows for interoperability between applications
that otherwise would not have linkages between them. 

Middleware is now used to describe web servers, applica-
tion servers, content management systems, and similar tools
that support the application development and delivery
process. Middleware is especially integral to modern infor-
mation based on XML, SOAP (Simple Object Access Proto-
col), web services, and service-oriented architecture. For
middleware to be helpful, an organization must carefully
select which functions and linkages are needed for that indi-
vidual agency. Costs vary according to which vendors and
which middleware products are chosen. An agency may
choose to develop its own middleware or may depend on a
vendor for development and maintenance support. Ulti-
mately, middleware is the enabling technology of Enterprise
Application Integration (EAI).

Enterprise Database Applications

EAI is the use of software and computer systems to bring
together (integrate) a set of enterprise computer applications.
Enterprise computer applications allow employees to per-
form business functions such as accounting, project schedul-
ing, information tracking, and project maintenance. EAI has
been gaining in popularity among transportation agencies for
the last 2–3 years because, traditionally, enterprise comput-
ing often takes the form of islands of automation. These
islands are common in DOTs across the county and are
mostly associated with divisions in business functions within
the DOTs—from each business function comes another data-
base application. The value of these individual applications
is not optimal, primarily because they are managed in isola-
tion. Integration can add value across an enterprise network
when new users can take advantage of existing resources
rather than duplicating efforts. This requires enterprise appli-
cations to be available on internal or external networks.
However, if integration is applied without following a struc-
tured EAI approach, many point-to-point data connections
develop across an organization to support ad hoc functions.
When dependencies are added on an impromptu basis, the
result is tangled and difficult to maintain. 

Owing to the spatial attributes of most transportation data,
a common application platform for enterprise integration is
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GIS. Several GIS platforms are available for development
including ArcGIS, Geomedia, and Maptitude. A number of
good examples of such enterprise applications exist and
include Georgia Transportation Explorer (TREX) (an in-house
development), Oklahoma Geographical Resource Intranet
Portal (GRIP), and South Carolina Roadway Inventory Man-
agement System (RIMS) (both developed by consultants). 

Georgia’s TREX is a web application that was developed
by the Georgia DOT Division of Information Technology to
connect enterprise databases throughout the department (70).
The two databases that are connected for external viewing
are Transportation Projects and GIS; however, many other
databases are linked through the program for internal DOT
use (70). The external version allows viewing of Transporta-
tion Projects, accessed through a searchable map connected
to the Georgia DOT GIS. This application supports viewing
of maps, reports, and plans, as well as real-time database
queries. Various layers may be turned on or off, including
projects, traffic, rail, air, transit, natural resources, roads,
traffic volumes, and boundaries. Results for transportation
project searches are listed on the right-hand side of the
screen, showing preconstruction and construction projects.
Figure 31 shows TREX with information from two projects
that were selected using the GUI.

Since 1990, the Oklahoma DOT had used GIS to manage
transportation information; however, efforts were frag-
mented across different DOT departments. Each division
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was maintaining its own database, and information was not
being shared across divisions. With the responsibility of
trying to amass data from multiple divisions, the Planning
and Research Division of the Oklahoma DOT began the
development of a centralized GIS, where data from all divi-
sions could be stored and accessed. The objective was to
enable fact-based decision making during emergency and
normal daily operations, and to provide all Oklahoma DOT
divisions with access to department-wide transportation
information with geographic mapping capabilities. 

In 2003, the Oklahoma DOT hired a consultant to develop
GRIP. GRIP was envisioned as a window into all the trans-
portation data housed by various division databases. The pur-
pose of this application is to provide consistent viewing,
reporting, and analysis of business data so that more informed
decisions can be made about how to improve the quality and
safety of Oklahoma’s transportation network. GRIP did not
replace individual databases; instead, it created a data ware-
house populated through periodic data retrieval from legacy
databases. In total, 13 databases are currently integrated in the
GRIP enterprise application. The Oklahoma DOT’s business
data layers include information on bridges, pavement man-
agement, needs study, crashes, roadway inventory, programs
and projects, HPMS, at-grade railroad crossings, and speed
zones. Figure 32 shows the interface with multiple database
connection options across the top of the GUI. The develop-
ment to date has cost $1.4 million. The Oklahoma DOT noted
several benefits of the system including (71):

FIGURE 31 Georgia DOT Transportation Explorer (TREX) Internet application.
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• Increased efficiency among departments—employees
have access to accurate, timely information relating to
the entire transportation system.

• Significant reduction of costs associated with staff ded-
icated solely to creating maps.

• Information requests can be handled in minutes instead
of days.

• Access to useful information from 13 databases in an
integrated application translates into better and faster
decision making.

SCDOT also hired a consultant to develop an enterprise
solution to replace the legacy mainframe application used to
manage roadway inventory data. RIMS is Oracle-based and
allows users to build queries against multiple tables main-
tained in the RIMS database. Within RIMS, enterprise access
is provided with a geospatial interface to information from
the Roadway Information System, Pavement Management
System, Highway Maintenance Management System,
AASHTO’s SiteManager, and department financial informa-
tion. In addition, RIMS includes a built-in viewer that allows
users to view SCDOT’s entire database of Photolog images.
Another project developed for SCDOT is a Hurricane Evac-
uation Decision Support Solution. The solution integrates
map-based data for evacuation routes, vehicle counts, road
closures, and weather conditions, and distributes them on the

enterprise network to key personnel coordinating evacua-
tions in times of natural disaster (72).

ROAD INVENTORY DATA MANAGEMENT
TECHNOLOGIES: AASHTOWARE

AASHTOWare is a sophisticated group of software products
developed by AASHTO through the joint development
process. This process allows members to receive optimum
software solutions for a fraction of the cost of custom in-
house development, while promoting a best practices
approach to design. The joint development process offers
numerous benefits, including customizable features and cost
sharing. The process is user-led and is administered through
AASHTO with a user-based task force and a dynamic user
group. License fees make funds available for maintenance,
support, and enhancements to maintain the technology and
functional requirements of the system (73).

Two AASHTOWare software solutions developed under
the joint development process, Trns*port, an existing project
management program, and TSIMS, a safety data manage-
ment program that is under development, were mentioned
previously in this report. However, several other AASHTO-
Ware products exist and are worthy of mentioning as a result

FIGURE 32 Oklahoma DOT Geographical Resource Intranet Portal (GRIP) application.
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of their ability to help maintain information on multiple com-
ponents of infrastructure and operations (74): 

• Pontis—a comprehensive bridge management system.
Pontis stores bridge inventory and inspection data, for-
mulates network-wide preservation and improvement
policies for use in evaluating the needs of each bridge
in a network, and makes recommendations for what
projects to include in an agency’s capital plan for deriv-
ing the maximum benefit from limited funds. Pontis
supports the entire bridge management cycle, allowing
user input at every stage of the process. The system
stores bridge inventories and records inspection data.
Once inspection data have been entered, Pontis can be
used for maintenance tracking and federal reporting.
Virtis and Opis are new products that support bridge
design and load rating analysis. All three bridge prod-
ucts are designed to work together seamlessly. 

• SDMS—a survey data management system developed
to collect, verify, reduce, edit, translate, and establish
survey data as it relates to survey points and lines.
SDMS is a combination of the SDMS Collector, the
field data collection component, and the SDMS Proces-
sor, the survey data review and reduction component.

The continued development of AASHTOWare programs
helps to ensure common data formats nationally as well as
reduce the cost of the solutions making them more widely
applicable.

TRAFFIC OPERATIONS DATA MANAGEMENT
TECHNOLOGIES: COUNT MANAGEMENT
SOFTWARE

Within the operations of the DOTs, traffic counts are
required for numerous planning and design activities. Some
activities require turning movement counts, whereas others
require speed, volume, and vehicle classification. Counts
may be conducted continuously, seasonally, or only for spe-
cific periods during a single day. Continuous counts are
usually collected by permanent count stations, whereas
short-term counts are collected with mobile or portable
devices. Furthermore, the devices are made by a number of
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different manufacturers—each with its own proprietary soft-
ware to process the count data. The variability in the length
and type of the counts as well as the proprietary formats of
the counts make the task of traffic count data management a
complex issue. 

The Florida DOT developed a software package, Survey
Processing Software, in-house to maintain traffic count data.
The software has been in use for more than 5 years and is used
to process short-term (i.e., seasonal, portable, coverage, non-
continuous) traffic counts and vehicle classification surveys. It
processes file formats from a number of types of traffic coun-
ters and reformats them to a common format for analysis. Each
year, the Florida DOT solicits comments from users and any
problems are corrected. Enhancements are made if practical
and cost-effective. To date, no evaluations of the software or
efficiencies from use of the software have been conducted. 

In the survey of states, Missouri and Wisconsin both
reported that they use commercially available software,
Traffic Data System (TRADAS), to manage count data.
TRADAS software is a traffic data collection management,
quality control, and analysis software product. Data captured
by TRADAS can originate from permanent count sites,
short-term counts, traffic management centers, and manual
counts (for volume and vehicle classification). TRADAS is a
comprehensive system, performing traffic data polling man-
agement, site management, quality control, summarization,
factor calculation, average annual daily traffic estimation,
reporting, and database management. It analyzes multiple
types of data including volume, classification, speed, weight,
and lane occupancy. TRADAS is Oracle-based with a C��
server and was designed to meet the requirements of a range
of traffic monitoring standards and guidelines as follows:

• FHWA—Traffic Monitoring Guide
• AASHTO—Guidelines for Traffic Data Programs
• ITS—National Transportation Communications for

ITS Protocol Data Collection Monitoring Standard
• ITS—Archived Data User Service Standard

Both Missouri and Wisconsin indicated that the software
and system was efficient and cost-effective (75).
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To assist states in using the information contained in this syn-
thesis, a data requirements and technology matrix was devel-
oped. Building on the table of data requirements presented in
Appendix A, each required data element was assessed to
determine if any technologies exist to enhance the efficiency
of data collection or processing of the data. Although the data
requirements listed in this report are specific to IHSDM and
SafetyAnalyst, the matrix could be adopted for other safety
analysis tools—assuming that the data elements are similar
to those in IHSDM and SafetyAnalyst. A copy of the data
and technology matrix can be found in Appendix F.

Table 10 shows a brief excerpt of the matrix for roadside
data elements. Within the matrix, data elements are identified
as required by either IHSDM or SafetyAnalyst. For Safety-
Analyst, the items are also denoted as required (x) or optional
(o). The right-hand portion of the matrix contains a number
of potential technologies that can be used to assist in data
collection and the processing of specific data elements
including highway measurement vehicles, video-logging,
electronic crash reporting, GPS, barcode/magnetic strip
reader, plan sheet/crash report document scanning, event
data recorder, ITS data archives, nonintrusive traffic coun-
ters, and satellite imagery. Some data elements can be col-
lected using multiple technologies. The higher the level of
automation in the process, the more likely it will produce
efficient and accurate data sources. Manual collection meth-
ods, such as collecting crash locations using a handheld GPS
receiver, provide efficiencies in processing location data, but
may not make crash reporting in the field more efficient.
Also, manual collection of GPS coordinates is subject to
human error, both in initial recording and in the data entry
function at the central location. Although the cost of fully
integrated GPS receivers with electronic crash reporting in
the field is much higher, it should provide for better efficien-
cies across the data collection, processing, and analysis sys-
tem. Although the matrix presents information regarding
potential technologies, many decisions must still be made by
the agency or agencies depending on the magnitude of data
collection efforts and the existing system components. 

Several steps are proposed to determine which technolo-
gies would best serve the state:

1. Establish a safety data task force with multiple levels
of representation from data collectors, to users, and
management. 

2. Determine which safety analysis tools will be used:
a. IHSDM
b. SafetyAnalyst
c. Highway Safety Manual
d. Other.

3. Obtain specific data requirements for the tools.
4. Develop listing of all data elements and data collec-

tion methods used to obtain safety data within the
state agencies.

5. Identify data element matches between existing and
required data elements. 

6. Determine whether data elements have similar cod-
ing structures as those used by IHSDM and Safety-
Analyst (use websites provided earlier for detailed
data descriptions).

7. Identify gaps in data sources:
a. Which required data elements are not collected? 
b. Which data elements do not match in structure and

content?
8. Assess quality and cost of existing data and data col-

lection methods:
a. Which data are collected with minimal confidence?
b. Which data collection methods require expensive

manual labor?
c. Which data elements are maintained in redundant

locations owing to a lack of ability to share data
effectively?

9. Highlight data elements within the data and tech-
nologies matrix if data needs were discovered in
steps 6–8.

10. Rank order of data needs.
11. Determine which potential technologies exist for each

rank ordered data element. (To do this, scan across the
matrix to see which technologies are marked for the
data elements in question. Most of the data elements
have been mapped to one or more technologies.)

12. Assess which technologies will provide the most
needed and the largest quantity of data.

13. Identify the hierarchy of automation if more than one
technology applies.

With potential technologies identified, the hard part of the
process begins:

• If multiple technologies exist, which specific technol-
ogy should be chosen? 

• Which vendor?

CHAPTER FIVE

DATA AND TECHNOLOGY MATRIX
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TABLE 10
EXCERPT FROM DATA AND TECHNOLOGY MATRIX
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• What are the costs—including capital, operating, and
maintenance?

• What are the system benefits and how can they be
measured?

• How do you ensure complete system integration?

Unfortunately there are no routine answers to these ques-
tions. The answers are dependent on the status of existing
data collection efforts in the state. Most of the technologies
provide scalable options. For example, the highway mea-
surement vehicles provide a number of data elements by
combining a number of component technologies into one
integrated data collection vehicle. The FHWA Digital High-
way Measurement Vehicle collects cross slope with an
undervehicle-mounted laser and video-log with roof-
mounted cameras. If cross slope is important, and video-log
is already obtained in conjunction with an existing pavement
profiling vehicle, the agency may wish not to include the
video components in a new implementation. By far the most
efficient solution is to include the maximum number of com-
ponents into one vehicle. Therefore, the redundant collection
of road network data is minimized. Some companies that
develop or build the measurement vehicles offer lease ser-
vices or full-service data collection services. Depending on
how much data the state must collect and maintain, one of the
latter options may be quite attractive. 

Overall, a few items must be considered in the decision to
implement new technologies:

• Availability of current and future resources to sustain
technology (operations, maintenance, and future up-
grades). 

• Requirements for initial and ongoing training to support
technologies.

• Ability to integrate with existing and planned systems
(operating systems, linkages, database connections,
etc.).

• Capacity to maintain existing legacy system until full
implementation and validation of new technologies
have been completed.

Numerous assessments of innovation in government have
been conducted over the years providing insights into new
program implementations. In 2001, Sanford Borins (76) wrote
a management series piece for PriceWaterhouseCoopers’
Endowment for The Business of Government entitled, “The
Challenge of Innovating in Government.” The information
used to develop the document came from three award 
programs for public management innovation. The award pro-
grams included the United States (Ford–KSG awards),
Canada (Institute of Public Administration of Canada, or
IPAC, awards), and the countries of the Commonwealth
(Commonwealth Association for Public Administration and
Management, or CAPAM, awards). The public management
innovation awards are judged based on novelty, impact, and
repeatability. Quantitative analysis of these award-winning

innovations revealed five building blocks of innovation,
proven tools for change: 

• The use of a systems approach, appearing in approxi-
mately 70% of the samples in advanced and 60% of the
samples in developing countries.

• The use of new technology, usually new information
technology, appearing in between 29% and 57% of the
samples.

• Process improvement, appearing in between 35% and
66% of the samples. 

• The involvement of organizations or individuals out-
side the public sector to achieve public purposes,
appearing in approximately 30% of the samples.

• The empowerment of communities, citizens, or staff,
appearing in between 14% and 30% of the samples.

Included in the Commonwealth survey was a final ques-
tion asking innovators the most important lessons learned
and seeking their advice for would-be innovators. 

Table 11 shows the results of this question in terms of
the number of times a certain piece of advice was cited. “The
advice dealing with planning an innovation emphasizes the
importance of learning and incorporates the tension between
having a clear vision and improvisation. The advice regard-
ing implementation reflects the tension between being deci-
sive and moving quickly on the one hand, and recognizing the
need to build wide support on the other. The advice about
process also reflects the importance of staff level innovation,

TABLE 11 
LESSONS LEARNED FROM INNOVATION 
IN GOVERNMENT

Lesson Learned Times Cited
Make the project exciting for staff 22
Promote program, ensure positive media coverage 21
Make sure program objectives reflect organization’s 
   objectives 17
Project manager should be task-orientated 12
Involve the stakeholders 11
Keep regular, ongoing communication 11
Get support from senior management 10
Have a clear idea of the end product 9
Allow staff freedom to innovate 9
Keep implementation team small, with decision-
   making power 9
Think strategically, consider wider implications 7
Have a champion, take ownership 7
Be dedicated and/or persistent 7
Documentation is tedious but essential 7
Develop adequate control mechanisms, support 
   governance structure with agreements 6
Solicit regular feedback as a motivator, demonstrate 
   early ongoing success 5
Implement quickly to avoid losing focus 5
Learn from your mistakes, don’t be afraid to change 
   plans based on information gathered or in response to 
   a changing environment 5
Learn from other innovators 4
Ensure that you have the necessary resources 3
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persistence, morale, and upper-level support. The advice
includes references to the constraints of operating within the
public sector. Given the frequency that resource constraints
arise, it is somewhat surprising to see that the least-cited piece
of advice was ‘ensure that you have the necessary resources.’”

Finally, a well-planned technology implementation strat-
egy is required to achieve program goals. A number of well-
known concepts have been used with success including (77): 

• Encourage management visitations to successful imple-
mentation sites,

• Educate leadership and task force members with success
stories,

• Pilot technology implementation in controlled setting,
• Develop a phased implementation plan,
• Encourage opt-in of affected agencies through devel-

opment of a cooperative environment,
• Define measurable goals,
• Set short-term and long-term goals,
• Demonstrate early and ongoing successes,
• Institute policies or develop standards that require

technology implementation,
• Reward early adoption of technology,
• Provide ample resources for implementation, and 
• Demonstrate continued success through periodic

evaluation.

Technologies for Improving Safety Data

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23155


57

This synthesis summarizes the current state-of-the-practice
and state-of-the-art utilization of technologies for efficient
and effective collection and maintenance of data for highway
safety analysis. Previous research reports have suggested
technologies as providing a means by which to overcome
many of the limitations surrounding safety data. This syn-
thesis documents a number of successful implementations of
technologies, whereby these six measures of safety data,
timeliness, accuracy, completeness, comprehensiveness,
efficiency, and integration, were improved.

A multifaceted approach was used to define safety data
requirements and identify technological solutions that
enhance the timeliness, accuracy, efficiency, completeness,
comprehensiveness, and integration of safety data sources.
Six specific tasks were undertaken:

• New safety analysis tools to identify data requirements
were examined.

• A survey of states was implemented to determine com-
pliance with identified data requirements (crash, road-
way inventory, and traffic operations) and to discover
types of technologies used to collect, process, and
manage the three types of data, as well as the extent of
their use. 

• To ascertain additional information or clarify informa-
tion on technology use, follow-up with the states was
undertaken.

• A matrix of available technologies to support collec-
tion, processing, and maintenance within the three
primary data categories was developed.

• A literature search on technologies identified from the
survey, general knowledge of the area, and through sug-
gestions from the research review panel was completed.

• A matrix matching technologies to specific data
requirements to guide agencies seeking to employ new
technologies to support safety information systems was
developed.

A comprehensive listing of safety data elements necessary
for the use of the new safety analysis tools, Interactive High-
way Safety Design Model (IHSDM) and SafetyAnalyst, was
included in Appendix A of the report. The list is extensive
and promises of new additions to the software packages will
most likely lengthen the list in the coming months. Special
attention was given to the differences in data requirements
between IHSDM and SafetyAnalyst. IHSDM requires very

detailed geometric data files for a specific section of road-
way, whereas SafetyAnalyst requires comprehensive crash
and road inventory data for a wide area or state. These dif-
ferences leave little room for overlap in data requirements.

Federally mandated data programs such as those for
bridge structures, railroad crossings, and the Highway Per-
formance Monitoring System have a strong effect on a state’s
comprehensive collection of data. For bridge and pavement
data elements, all states reported collecting these data ele-
ments comprehensively. For elements such as road geomet-
ric elements (horizontal and vertical curvature), however,
fewer than half of the responding states indicated collecting
the data elements comprehensively—most collect samples or
on an as-needed basis, if at all. Overall, a number of data ele-
ments required by safety programs (i.e., cross-slope, barriers,
and intersection elements) are also underreported.

The survey of states indicated that the use of technologies
for collecting crash data was limited, and so too were efforts
to research new methods for crash data collection and main-
tenance. Although a number of states mentioned the capture
of electronic crash reports, few had widespread use through-
out the state. A number of technologies exist within these
electronic reporting systems (i.e., barcode scanners, global
positioning system location devices, etc); however, these too
are not used extensively. Some states noted that other tech-
nologies (i.e., laser or survey grade measurement and digital
photography) are used for special studies, but that much of
the data is filed away in hard copy limiting its long-term
usefulness. 

As noted both in the crash database and road inventory
surveys, route-milepost is the most common linear referenc-
ing system in use by state departments of transportation
DOTs. Unfortunately, the route-milepost system does not
easily allow for multiple years of historical road inventory
data to be readily available for analysis, making linkage to
historical crash records difficult. Furthermore, roadway
inventory databases were reported as dynamic databases that
are constantly changing. These dynamic systems make it
difficult to manage change dates for specific pieces of infor-
mation (e.g., the date that raised pavement markers were
added to a section of roadway or the date when a traffic sig-
nal was added to an intersection). Most states archive the
road inventory database each year, but not all roads are
updated annually. Therefore, it is hard to establish a link
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between road characteristic changes and safety improve-
ments without chasing a significant paper trail of contract
documents.

According to the road inventory survey, technologies
were used sparingly except for pavement management and
video-log. Where federal programs require more compre-
hensive data, states have adopted technologies to increase
their efficiency with these data collection activities. How-
ever, many of the data elements are still collected manually
with pen and paper or pulled from plan and profile sheets.
Expansion of this type of data collection system would be
cost-prohibitive. Additionally, much of the data collected in
hard-copy format must be entered or scanned, resulting in
additional labor costs.

The availability of AASHTOWare products for data man-
agement for federal requirements is viewed as a benefit to the
states. These software packages are typically designed to be
flexible for use in most states, while allowing nationwide analy-
sis of exported data. Further development of the anticipated
Transportation Safety Information Management System,
although daunting, is expected to be an important venture.

The states had great difficulty in responding to the traffic
operations data survey. However, it is clear that additional
efforts to define a more comprehensive system for traffic
operations data collection and maintenance are needed. Sev-
eral states indicated that multiple databases were maintained
to house traffic operations data—some for Intelligent Trans-
portation System data archives, some for traffic signal data,
and others to support volume requirements for the Highway
Performance Monitoring System. One of the overarching
requirements of both IHSDM and SafetyAnalyst is the need
for volume data. More integrated and effective data systems
will be needed to meet these demands. 

Although several states mentioned plans for deployment of
portable nonintrusive traffic detection systems in the near
future (5–10 years), few states have been early adopters. The
use of portable nonintrusive technologies will be required to
expand the traffic data needs of future safety analysis programs.

Many technologies exist that can provide numerous effi-
ciencies in safety data acquisition, processing, and manage-
ment. Unfortunately, many of these technologies are not
being fully or even partially integrated into the safety data
process. This document focused on the review of technolo-
gies that had been used successfully in one or more states.
Often, specific evaluations of the technology implementa-
tions were not completed; however, it could be assumed that
the technologies had produced noticeable benefits. 

There are key inexpensive technologies such as global
positioning systems and geographic information systems that
are critical to data collection and maintenance for almost all
databases (crash, roadway inventory, and traffic operations)

58

that have not been fully capitalized on. Most states do
maintain a geographic information system; however, they
incorporate only a small portion of the data that they collect.
Furthermore, outdated procedures of locating crash locations
in a post hoc manner using the police-reported description and
route-milepost data are unnecessary and time-consuming.
However, without support of management and significant
investment in the technologies, little improvement in updat-
ing processes for safety data is likely to occur. 

The choices regarding linear referencing systems and the
use of dynamic versus static road characteristics databases
have dramatic effects on a states’ ability to use data systems
for safety analysis. Some are much better than others, yet
some choices have positive implications for one database and
negative implications for others. These choices are difficult
and must be consciously considered upfront in the design and
implementation of a safety data system. Unfortunately, most
of the data sets that are currently being used for safety data
analysis were developed for purposes other than safety and
as such do not support safety analysis effectively. The lack
of federally mandated safety data programs in past years has
hindered this integration.

Advances in wireless communications and mobile com-
puting allow for ease of mobile data capture and reporting;
however, paper and pen remains a top medium for crash data
collection. In a time when it is possible to send a package
across the country in less than 24 h and receive immediate 
e-mail confirmation of delivery with an attached digital sig-
nature, it is feasible to upgrade and expedite our crash records
systems. Several states have begun to deploy business-like
systems for the capture and delivery of this critical safety data.
Not only are these states able to recoup the costs of the data
system, but they are also able to recoup costs for damage to
infrastructure owing to the timeliness of the data. 

Of all of the required data elements, key design elements
(horizontal and vertical curvature and grade) are missing
from road inventory databases. There is no doubt that some
of these elements have strong ties to crash occurrence; how-
ever, serious attention must be given to the requirements of
comprehensive collection and accuracy of any such data.
Several commercial pavement profiling and video-log sys-
tems provide road design data, but the accuracy of the data is
not clear. A recent development by FHWA, the Digital High-
way Measurement Vehicle, provides extremely accurate and
comprehensive road design data. Streamlining this system or
a similar system and deploying it in a widespread fashion
will be necessary to meet the needs of safety analysis in the
near future. 

Finally, several exceptions should be noted with regard to
technology implementation: 

• Technology alone cannot solve all of the problems
associated with safety data systems, especially those
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related to inadequate institutional cooperation. Organi-
zational issues should be addressed before considering
technological advancements.

• Technology implementation and maintenance can be
capital-intensive, requiring significant funding and pro-
grammatic support—therefore, the benefits and costs
must be clearly evident across all affected agencies. 

• Technologies are constantly evolving; therefore, agen-
cies should seek to employ technologies that allow for
flexibility. Additionally, a practical plan for maintain-
ing and upgrading the technologies, as well as assess-
ing their continued effectiveness, should be developed

before initial investment and implementation of the
technology. 

• No single technology will allow for the collection and
maintenance of the varied databases required for safety
analysis—hence, an array of technologies should be
considered.

In conclusion, technology is a means by which to over-
come many of the limitations set forth by Pfefer et al. in
NCHRP Report 430. Given institutional support, cooperative
agreements between agencies, and necessary resources
positive change can occur in safety data systems.
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APPENDIX A

Required Data Elements
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IHSDM SafetyAnalyst

xNumber
Length x
Location x
Type x
Name or number x

Highway system code x
County number x
District number o
City/town number o
Jurisdiction o
Area type x
Date opened to traffic o

Heading
Length x
Radius x

x

Position x
Presence x
Position x
Angle x
Direction x
Back grade x
Back length x

xForward length
Position x
Length x
Position x
Length x

Elevations x
Number (dir) x
Width o
Type x
Width o
Type x x
Width x o
Slope x
Rounding x
Normal crown x
Superelevation x

Pavement type x
Number x
Width x

o rebmuN
Passing x
Turning x
Two-way left turn x
Climbing x

Lane offset x
Curve widening x

Data Requirements

Data
Category/Type

Data Element Sub-Element

Segment

Route

Lane

Road Inventory (Geometric) Data 

General

Horizontal Alignment

Horizontal tangent

Horizontal simple curve

Horizontal spiral curve 

Horizontal deflection 

Vertical Alignment

Highway cross slope

ShoulderCross-section

Vertical curve 

Vertical tangent

Vertical point of intersection

Thru lanes

Median

Thru lane

Auxiliary lane 
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IHSDM SafetyAnalyst

Bike facilities present x x
Driveway density x o

Slope x
Width x
Slope x
Width x

xBottom shape 
Width x
Offset x
Presence x
Side x

Roadside hazard rating x
Number of intersection legs x
Approach type (major/minor) x
Intersection skew angle x
Number quadrants w/ limited
sight distance x
Intersection location x

of intersection epyT x
Type of traffic control x x
Major road direction x

Beginning x
End x
Presence x
Distance x

Direction x
Through x
Right turn x x
Left turn x x

Median type x
Signal left-turn phasing x
Turn prohibitions x

Number x
Location x
Type x
Configuration x
At freeway x
At crossroad x

Number of lanes x
Volume — ADT  x

Road Inventory (Geometric) Data 

Sub-Element

Data Requirements

Intersection Leg

Intersection

Ramps

Data
Category/Type 

Data Element

Offset intersection

Number of lanes 

Ramp 

Type of connection

Backslope

Foreslope 

Influence zone

Ditch 

Obstruction

Roadside
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IHSDM SafetyAnalyst

Traffic Operations Data 
Terrain x o

Level 1 x x
Level 2 o
Level 3 o
Design x
85th x
Posted x o
ADT x x
DHV x o
Peak hour x o
Growth factor o
% heavy vehicles o

Access control o
Traffic-way flow x
Interchange influence area o

Functional classification 

Volume 

Traffic Operations

Speed 

Data
Category/Type Data Element Sub-Element

Data Requirements
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Conformity

IHSDM SafetyAnalyst MMUCC 

Crash  Data 
Accident case identifier x M
Route type x
Route name/number x
County number x M
Accident location x x S
Location identifier system x
District number o
City/town number o M

Year x
Year, month, day x S

Accident time x S
Relationship to junction x x S
Driveway indicator o
Light condition o M
Weather condition o M
Roadway surface condition o M
Accident type and manner of
collision Sx

Environment o M
Road o M

School bus related  x M
Work zone related x S
Number of vehicles involved x M
Accident severity x x M
Alcohol/drug involvement o M
Tow-away indicator o
Run-off road indicator o
Pedestrian indicator o
Bicycle indicator o
Divided highway flag o
Day of week x M
Initial direction of travel x M
Vehicle maneuver/action x M
Vehicle configuration x M
First harmful event x M

Person-level Driver age x S

Data
Category/Type 

Data Element Sub-Element

Data Requirements

Vehicle-level

Accident date  

Contributing circumstances 

Accident-level

Notes:
Under SafetyAnalyst: x = mandatory element, o = optional but desired element.
Under MMUCC: M = meets MMUCC guidelines, S = similar to MMUCC guidelines.
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APPENDIX B

Survey Respondents
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Crash Survey

Arizona
Arkansas
California
Connecticut
Delaware
Georgia
Illinois
Iowa
Maryland
Michigan
Missouri
Nevada
New Hampshire
North Dakota
Ohio
Oklahoma
Oregon
Pennsylvania
Texas
Utah
Washington
West Virginia
Wisconsin
Wyoming

Road Inventory Survey

Arkansas
Colorado
Florida
Georgia
Hawaii
Idaho
Illinois
Iowa
Massachusetts
Minnesota
Mississippi
Missouri
Oklahoma
Oregon
South Carolina 
South Dakota    
Tennessee
Texas
Washington
Wisconsin

 

Traffic Operations Survey

Colorado
Connecticut
Florida
Georgia
Illinois
Iowa
Massachusetts
Minnesota
Missouri
Oregon
South Dakota
Tennessee
Texas
Washington
Wisconsin
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APPENDIX C

Crash Survey Form
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National Cooperative Highway Research Program 

Project 20-5, Topic 36-03 

QUESTIONNAIRE 

New Technologies for Improving Safety Data 

We need your assistance in supplying some information about the current status of technology use related to acquisition, 
processing, and maintenance of road inventory and traffic operations data in your state.  The questionnaires should be completed
by persons familiar with your states’ data activities both at the state and local level.  

Over the past few years, the U.S.DOT’s focus on safety has led to the development of several new safety analysis tools including
the Interactive Highway Safety Design Model (IHSDM), SafetyAnalyst, and Highway Safety Manual (HSM).  These tools have 
generated new requirements for safety data that stretch far beyond those of the past.  The safety analysis tools require accurate and 
timely crash characteristics including severity and crash location; road inventory characteristics including functional class, number 
of lanes, shoulder type, markings, lane width, and traffic control; and traffic characteristics including volumes, classification,
speeds, and variance by time of day and season.  Additionally, data from Emergency Medical Services (EMS), medical records, 
driver history records, vehicle registration files, citations systems, and incident management systems are also used to support
safety analysis.  

Given this new set of data requirements, there is a need to improve the efficient data collection, processing, and evaluation 
required for successful safety programs at the state and municipal levels.  This questionnaire seeks to collect information on the
state-of-the-practice utilization of technologies for efficient and effective collection and maintenance of data for transportation 
safety analysis.  Specifically, it requests input on types of technologies, software applications, and innovative methods used by 
different agencies whose data are important for safety analysis.  For each technology, information is sought regarding the 
implementation status, outcomes of evaluations, and efficiencies achieved from use of the technology.  Comments and information
on new developments and technology needs are also requested.   

Please return the completed survey by e-mail, mail, or fax by June 29, 2005, using the contact information below. 

E-mail:  ogle@clemson.edu 
Mail:   Jennifer Ogle, Clemson University, Department of Civil Engineering, 208 Lowry Hall, Clemson, SC 29634-0911 
Fax:  864-656-2670 
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National Cooperative Highway Research Program 

Project 20-5, Topic 36-03 

New Technologies for Improving Safety Data 

CRASH RECORDS DATABASE SURVEY 

1. Contact information for the person completing this survey. 
a. Name:        
b. Title:        
c. Agency:        
d. Address:        

                      
                      

e. Telephone:    
f. Fax:        
g. E-mail:        

2. Is your agency/division/office represented/active in any of the following safety initiatives at the state or local level? 
(Please mark all that apply.) 

Safety management system 
Traffic records coordinating committee 
Other safety-related program, please specify: 

3. Which of the following tasks related to the crash records database does your agency/division/office participate in? 
(Please mark all that apply.) 

Data collection 
Data processing, keying, or other data entry task 
Database management 
Data analysis or data user 

4. Are the data collected at the local, jurisdictional, or state level? 

Local
Jurisdictional/district 
State

5. Who maintains the data? 

Local repository 
Jurisdictional/district repository 
State repository 

a. If data are maintained at the local or jurisdictional repositories, are data shared with a central database? 

Yes
No

b. If yes, how often are data transferred to the central database? 

Daily 
Weekly 
Monthly 
Quarterly 
Yearly 
As needed or other, please specify: 
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c. If no, what are the barriers? 

d. What type of database is used for the central repository? 

Oracle
SQL Server 
DB2
Other, please specify: 

e. Are data transferred electronically to the central repository or submitted in hard-copy format and 
keyed/entered/held at the central location? (Mark all that apply.)  

Electronic data transmission 
Hard-copy submission 
Other, please specify: 

i. If data are submitted in hard-copy format, is the original form maintained or scanned to microfilm or 
digital image file?   

Original maintained 
Original scanned to microfilm 
Original scanned to digital image file 

f. Are there manual or automated checks when entering information into databases to ensure quality? 

Yes
No

6. Who has access to the data? (Mark all that apply.) 

Internal offices 
Other state agencies 
Local agencies 
Public/private sector 

7. How is access to the crash record database provided? (Mark all that apply.) 

Secure intranet site 
Secure Internet site 
Unsecured Internet site 
FTP transfer 
CD-ROM/DVD 
Other, please specify:

a. If external access is granted, do external users have access to the most current data or are data released at 
intervals (monthly, quarterly, yearly)? 

Current
Interval releases 

Monthly 
Quarterly 
Yearly 
Other, please specify:

8. How current is the information in the database? 

<1 week old 
1–3 months old 
3–6 months old 
6–12 months old 
1–2 years old 
2–5 years old 
Other, please specify:
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9. How many years of data are maintained in the crash records database?  ________ 

10. What year was the database established?  ________ 

11. Does the crash records database contain specific data elements that allow linkage to other databases?  

Yes
No

a. If yes, to which of the following databases can the crash records database be linked?  (Mark all that apply.) 

Crash records 
EMS run records 
Medical records/hospital discharge 
Driver history records 
Roadway inventory databases 
Traffic flow databases 
GIS databases 
Citation/conviction files 
Driver’s license records 
Vehicle registration records 
Commercial motor vehicle registration databases 
Other, please specify:

b. If no, what are the primary challenges or obstacles to data linkage? 

12. Is there a website that contains information or data from the crash records database (summary reports, statistics, data 
dictionary, etc.) or that allows online queries of data?   

 http://

13. Has your agency conducted, funded, or participated in research regarding data collection and management methods?
If so, are there any final reports or other information available?      

14. Which of the following technologies are used to collect crash reports in your state? (Mark all that apply.) 

Paper-based form 
Electronic form (in conjunction with laptop/PDA/computer)
Event data recorder (‘blackbox’ data downloaded from automobile)
Other, please specify:

a. If you use electronic forms for crash record capture, what software do you use? 

TRACS 
Other, please specify:

b. If crashes are recorded by electronic and paper-based methods, what percentage of crash records is captured in 
electronic format?  _____________

15. How are crash location data collected? 

Text description—closest cross street 
Grid coordinates—map system 
GPS—latitude/longitude coordinates 

Handheld GPS receiver 
In-vehicle GPS receiver in patrol car 
Other, please specify:

Other, please specify:
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16. How accurate is the location information?

17. What types of training are provided to police officers who collect crash record data? 

18. Do you use any non-technical strategies to collect crash data (e.g., non-sworn crash investigators or specially trained 
crash investigation teams)?

19. Do you employ technologies or methods to speed up the process of crash investigation when the crash occurs during 
heavy traffic?  

Yes
No

If yes, please specify:

20. For investigations of severe crashes or for special studies, what technologies are used over and above regular crash 
investigations (e.g., friction factors using accelerometer or survey device to collect crash site measurements)?  

21. Are the data collected for special studies included in the general crash records database?  

Yes
No

a.  If not, are they readily accessible elsewhere? Explain:

Developed in-house 
Developed by consultant 
Purchased off-the-shelf 
Other, please specify: __________________________________________________ 

TECHNOLOGY DETAILS  

The previous questions inquired about the types of data, access, and technologies used to collect the data.  In the following section, 
we would like to obtain additional details on specific technologies or innovations used by your agency.  If you use any new, 
advanced, unusual, or different technologies, software applications, or innovative methods to assist in collecting, processing, or 
maintaining data, please indicate the type of technology, software, or method in the sections below.  We would also like to know if 
the technologies were developed in-house, by a consultant, or purchased off-the-shelf, and whether or not you have completed any
evaluations.  Please complete the section for each technology, application, or method that you believe might be important for  this 
study.  Additional pages can be added if necessary.  For instance, if you identified previously that you use GPS for collecting crash 
location, please provide details for this technology below.  Additionally, we are interested in software applications that you use to 
process or link data, as well as innovative methods such as training or procedures for efficient data collection for faster incident 
clearance.   

Technology, Software Application, or Innovative Method #1

Descriptive title: _____________________________________________________________ 

Who developed the technology/software/method?  
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If developed by a consultant/vendor, please provide consultant/vendor contact information in the space below.   

Company name:
Company address:

Company phone:
Company fax:
Company contact:
Contact e-mail:
Company website:

How long have you been using the technology/software/method? 

<1 year 
1–2 years 
2–5 years 
>5 years 

Have you completed any evaluations of the use of the technology/software/method? 

Yes
No
Evaluation in progress 

If yes, did the technologies prove to be cost-effective or improve efficiencies in data collection, processing, or maintenance?

Yes
No
Inconclusive 

Is the technology/software/method used locally or statewide? 

Locally 
Statewide

 If the technology/software/method is used locally, are there plans for implementing it statewide?  

Yes
No
Don’t know 

Did you experience any integration issues? 

Yes
No

 If yes, please briefly explain the issues and resolution:

Use the space below to provide any additional comments about this technology, software application, or method: 
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APPENDIX D

Road Inventory Survey Form
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National Cooperative Highway Research Program 

Project 20-5, Topic 36-03 

QUESTIONNAIRE 

New Technologies for Improving Safety Data 

We need your assistance in supplying some information about the current status of technology use related to acquisition, 
processing, and maintenance of road inventory and traffic operations data in your state.  The questionnaires should be completed
by persons familiar with your states’ data activities both at the state and local level.  

Over the past few years, the U.S.DOT’s focus on safety has led to the development of several new safety analysis tools including
the Interactive Highway Safety Design Model (IHSDM), SafetyAnalyst, and Highway Safety Manual (HSM).  These tools have 
generated new requirements for safety data that stretch far beyond those of the past.  The safety analysis tools require accurate and 
timely crash characteristics including severity and crash location; road inventory characteristics including functional class, number 
of lanes, shoulder type, markings, lane width, and traffic control; and traffic characteristics including volumes, classification,
speeds, and variance by time of day and season.  Additionally, data from Emergency Medical Services (EMS), medical records, 
driver history records, vehicle registration files, citations systems, and incident management systems are also used to support
safety analysis.  

Given this new set of data requirements, there is a need to improve the efficient data collection, processing, and evaluation 
required for successful safety programs at the state and municipal levels.  This questionnaire seeks to collect information on the
state-of-the-practice utilization of technologies for efficient and effective collection and maintenance of data for transportation 
safety analysis.  Specifically, it requests input on types of technologies, software applications, and innovative methods used by 
different agencies whose data are important for safety analysis.  For each technology, information is sought regarding the 
implementation status, outcomes of evaluations, and efficiencies achieved from use of the technology.  Comments and information
on new developments and technology needs are also requested.   

Please return the completed survey by e-mail, mail, or fax by June 29, 2005, using the contact information below. 

E-mail:  ogle@clemson.edu 
Mail:   Jennifer Ogle, Clemson University, Department of Civil Engineering, 208 Lowry Hall, Clemson, SC 29634-0911 
Fax:  864-656-2670 
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National Cooperative Highway Research Program 

Project 20-5, Topic 36-03 

New Technologies for Improving Safety Data 

ROAD INVENTORY DATABASE SURVEY 

1. Contact information for the person completing this survey. 
a. Name:
b. Title:
c. Agency:
d. Address:

e. Telephone:
f. Fax:
g. E-mail:

2. Is your agency/division/office represented/active in any of the following safety initiatives at the state or local level? 
(Please mark all that apply.) 

Safety management system 
Traffic records coordinating committee 
Other safety-related program, please specify:

3. Which of the following tasks related to the road inventory database does your agency/division/office participate in? 
(Please mark all that apply.) 

Data collection 
Data processing, keying, or other data entry task 
Database management 
Data analysis or data user 

4. Who maintains the data? 

Local repository 
Jurisdictional/district repository 
State repository 

a. If data are maintained at the local or jurisdictional repositories, are data shared with a central database? 

Yes
No

b. If yes, how often are data transferred to the central database? 

Daily 
Weekly 
Monthly 
Quarterly 
Yearly 
As needed or other, please specify:

c. If no, what are the barriers?
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d. What type of database is used for the central repository? 

Oracle
SQL Server 
DB2
Other, please specify:

e. Are data transferred electronically to the central repository or submitted in hard-copy format and 
keyed/entered/held at the central location? (Mark all that apply.)  

Electronic data transmission 
Hard-copy submission 
Other, please specify:

i. If data are submitted in hard-copy format is the original form maintained or scanned to microfilm or 
digital image file?   

Original maintained 
Original scanned to microfilm 
Original scanned to digital image file 

f. Are there manual or automated checks when entering information into databases to ensure quality? 

Yes
No

5. Who has access to the data? (Mark all that apply.) 

Internal offices 
Other state agencies 
Local agencies 
Public/private sector 

6. How is access to the roadway inventory database provided? (Mark all that apply.) 

Secure intranet site 
Secure Internet site 
Unsecured Internet site 
FTP transfer 
CD-ROM/DVD 
Other, please specify:

a. If external access is granted, do external users have access to the most current data or are data released at 
intervals (monthly, quarterly, yearly)? 

Current
Interval releases 

Monthly 
Quarterly 
Yearly 
Other, please specify:

7. How current is the information in the database? 

<1 week old 
1–3 months old 
3–6 months old 
6–12 months old 
1–2 years old 
2–5 years old 
Other, please specify:
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8. How many years of data are maintained in the roadway inventory database? _______ 

9. What year was the database established? ________ 

10. Do you archive the data at regular intervals to preserve road history?

11. Does the roadway inventory database contain specific data elements that allow linkage to other databases?  

Yes
No

a. If yes, to which of the following databases can the roadway inventory/pavement monitoring database be linked?  
(Mark all that apply.) 

Crash records 
EMS run records 
Medical records/hospital discharge 
Driver history records 
Roadway inventory databases 
Traffic flow databases 
GIS databases 
Citation/conviction files 
Driver’s license records 
Vehicle registration records 
Commercial motor vehicle registration databases 
Other, please specify:

b. If no, what are the primary challenges or obstacles to data linkage? 

12. Is there a website that contains information or data from the roadway inventory/pavement monitoring database (summary 
reports, statistics, data dictionary, etc.) or that allows online queries of data?   

 http://

13. Has your agency conducted, funded, or participated in research regarding data collection and management methods for 
roadway inventory or pavement monitoring?  If so, are there any final reports or other information available? 

14. Who collects the information in your roadway inventory file? 

Area offices 
District offices 
Specialized team 
Consultants 
Other, please specify:

15. Are these data maintained in paper-based files or computerized files? 

Paper-based
Electronic
Other, please specify:
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16. How often does the state conduct a complete re-inventory of roadway data? 

Every year 
Every other year 
Every three years  
Every four years 
Every five years 
No standard schedule 

17. How do you check and/or update the roadway inventory (e.g., updates based on as-built plans or drive-by windshield 
surveys)?

18. What is the primary linear referencing system for the state database?  Is a GIS-based reference system currently in use?  
Are there any plans to use a GIS- or GPS-based reference system in the near future? 

19. Is the roadway inventory coded for use/display in a GIS? 

Yes
No

If yes, what methods do you use for coding? 

Segment (from node to node) 
Route and milepoint (linear distance reference) 
Coordinates (latitude/longitude) 
Other, please specify:

20. Please note the types of road characteristics you collect/manage for each roadway type using the following convention.  
You may use multiple letters for each box.  Leave the box blank if none of the categories apply. 

a. Categories are: 
 C  – collect data comprehensively (e.g., roadway inventory) 
 S – collect data using sampling (e.g., HPMS) 
 A – collect data on an as-needed basis for special studies (e.g., high accident incidence, traffic control 

device warrant) 
 M  – manage and disseminate data including data storage 
 U  – user of data collected by another organization 
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Types of Roads 

Road Characteristics Data L
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Cross-Section Elements 
Number of lanes         
Lane width        
Lane type        
Shoulder width        
Shoulder type        
Edge treatments (SafetyEdge)        
Median width        
Median type        
ROW width            
Cross-slope (normal crown)        
Barriers (type, length)         
Roadway Structure Elements            
Bridges        
Railroad crossings        
Multi-use paths/bike paths        
Pedestrian facilities        
Tunnels        
Geometric Elements        
Grade         
Vertical curvature        
Horizontal curvature            
Superelevation         
Sight distance        
Speed limit        
Sign inventory        
Truck/weight restrictions        
Intersection Elements           
Number of lanes/approach        
Signal timing         
Traffic control           
Pavement Elements        
Pavement material         
Pavement distress data        
Skid resistance        
Ride quality        
Pavement markings        
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21. How do you collect geometric elements such as horizontal curvature and vertical grade? 

Field survey using pen and paper 
Palm top/notebook computer inventory (without GPS) 
GPS-based data collection with attributes  
Manual video logging (post-process extraction done manually) 
Automated video collection (either real-time or post-process extraction automated) 
Automated data collection using sensor technology (other than video) 
Other, please specify:

If automated data collection using sensor technology, specify what type of technology: 

ARAN  
Custom vehicle 
Other, please specify:

22. How do you collect cross-section elements such as barriers and clearzone maintenance? 

Field survey using pen and paper 
Palm top/notebook computer inventory 
GPS-based data collection with attributes 
Video logging 
Other, please specify:

23. How do you collect sign inventory elements such as location and type of sign? 

Field survey using pen and paper 
Palm top/notebook computer inventory 
GPS-based data collection with attributes 
Video logging 
Other, please specify:

Is sign retro-reflectivity collected?   

Yes     
No

If yes, what technology is used to collect the retro-reflectivity data?

24. How do you collect pavement marking data? 

Field survey using pen and paper 
Palm top/notebook computer inventory 
GPS-based data collection with attributes 
Video logging 
Other, please specify:

Is pavement marking retro-reflectivity collected?   

Yes     
No

25. How do you collect pavement distress data? 

Field survey using pen and paper 
Palm top/notebook computer inventory (without GPS) 
GPS-based data collection with attributes  
Video logging
Automated data collection using sensor technology (other than video) 
Other, please specify:
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If automated data collection using sensor technology, specify what type of technology: 

ARAN  
Custom vehicle 
Other, please specify:

26. How do you collect pavement skid resistance? 

Manually using drag-sled 
Automated data collection using sensor technology (specify test type) 

locked-wheel 
spin-up
surface texture measurement 

27. Do you plan to deploy any new technologies within the next 5–10 years for collecting roadway inventory data?   

Yes
No

If yes, please specify what types of technologies you plan to deploy?

28. What are the primary uses for your road characteristics data? 

Federal reporting 
Input to safety evaluation 
Planning
Design 
Other, please specify:

29. What is the frequency of data collection? 

Frequency 
Data Type As Needed Monthly Yearly Other, specify: 

Cross section     
Roadway structure     
Geometric     
Intersection     
Pavement     

30. Do you collect or tabulate specific truck traffic data [such as weigh in motion (WIM)] and, if so, how and what
specific data are collected?

31. What is the extent of GIS usage in your agency? 

Complete integration of road characteristics and traffic data 
Limited integration of attributes for specific uses 

Planning
Superload vehicle permitting 
Pavement management 
Safety 
Other, please specify:

Use this space to provide any additional comments or information related to your roadway inventory database or pavement 
monitoring: 
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TECHNOLOGY DETAILS 

The previous questions inquired about the types of data, access, and technologies used to collect the data.  In the following section, 
we would like to obtain additional details on specific technologies or innovations used by your agency.  If you use any new, 
advanced, unusual, or different technologies, software applications, or innovative methods to assist in collecting, processing, or 
maintaining data, please indicate the type of technology, software, or method in the sections below.  We would also like to know if 
the technologies were developed in-house, by a consultant, or purchased off-the-shelf, and whether or not you have completed any
evaluations.  Please complete one section for each technology, software application, or method that you believe might be 
important for this study.  Additional pages can be added if necessary.  For instance, if you identified previously that you use an 
instrumented vehicle for collecting roadway inventory data, please provide details for this technology below.  Additionally, we are 
interested in software applications that you use to process or link data, as well as innovative methods such as training or 
procedures for efficient data collection.   

Technology, Software Application, or Innovative Method #1

Descriptive title:

Who developed the technology/software/method?  
Developed in-house 
Developed by consultant 
Purchased off-the-shelf 
Other, please specify:

If developed by a consultant/vendor, please provide consultant/vendor contact information in the space below.   

Company name:
Company address:

Company phone:
Company fax:
Company contact:
Contact e-mail:
Company website:

How long have you been using the technology/software/method? 

<1 year 
1–2 years 
2–5 years 
>5 years 

Have you completed any evaluations of the use of the technology/software/method? 

Yes
No
Evaluation in progress 

If yes, did the technologies prove to be cost-effective or improve efficiencies in data collection, processing, or maintenance?

Yes
No
Inconclusive 

Is the technology/software/method used locally or statewide? 

Locally 
Statewide
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If the technology/software/method is used locally, are there plans for implementing it statewide? 

Yes
No
Don’t know 

Did you experience any integration issues? 

Yes
No

If yes, please briefly explain the issues and resolution:

Use the space below to provide any additional comments about this technology, software application, or method: 
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APPENDIX E

Traffic Operations Survey Form

Technologies for Improving Safety Data

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/23155


89

National Cooperative Highway Research Program 

Project 20-5, Topic 36-03 

QUESTIONNAIRE 

New Technologies for Improving Safety Data 

We need your assistance in supplying some information about the current status of technology use related to acquisition, 
processing, and maintenance of road inventory and traffic operations data in your state.  The questionnaires should be completed
by persons familiar with your states’ data activities both at the state and local level.  

Over the past few years, the U.S.DOT’s focus on safety has led to the development of several new safety analysis tools including
the Interactive Highway Safety Design Model (IHSDM), SafetyAnalyst, and Highway Safety Manual (HSM).  These tools have 
generated new requirements for safety data that stretch far beyond those of the past.  The safety analysis tools require accurate and 
timely crash characteristics including severity and crash location; road inventory characteristics including functional class, number 
of lanes, shoulder type, markings, lane width, and traffic control; and traffic characteristics including volumes, classification,
speeds, and variance by time of day and season.  Additionally, data from Emergency Medical Services (EMS), medical records, 
driver history records, vehicle registration files, citations systems, and incident management systems are also used to support
safety analysis.  

Given this new set of data requirements, there is a need to improve the efficient data collection, processing, and evaluation 
required for successful safety programs at the state and municipal levels.  This questionnaire seeks to collect information on the
state-of-the-practice utilization of technologies for efficient and effective collection and maintenance of data for transportation 
safety analysis.  Specifically, it requests input on types of technologies, software applications, and innovative methods used by 
different agencies whose data are important for safety analysis.  For each technology, information is sought regarding the 
implementation status, outcomes of evaluations, and efficiencies achieved from use of the technology.  Comments and information
on new developments and technology needs are also requested.   

Please return the completed survey by e-mail, mail, or fax by June 29, 2005, using the contact information below. 

E-mail: ogle@clemson.edu 
Mail:   Jennifer Ogle, Clemson University, Department of Civil Engineering, 208 Lowry Hall, Clemson, SC 29634-0911 
Fax:  864-656-2670 
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National Cooperative Highway Research Program 

Project 20-5, Topic 36-03 

New Technologies for Improving Safety Data 

TRAFFIC OPERATIONS DATABASE SURVEY 

1. Contact information for the person completing this survey. 
a. Name:
b. Title:
c. Agency:
d. Address:

e. Telephone:
f. Fax:
g. E-mail:

2. Is your agency/division/office represented/active in any of the following safety initiatives at the state or local level? 
(Please mark all that apply.) 

Safety management system 
Traffic records coordinating committee 
Other safety-related program, please specify:

3. Which of the following tasks related to the traffic operations database does your agency/division/office participate in? 
(Please mark all that apply.) 

Data collection 
Data processing, keying, or other data entry task 
Database management 
Data analysis or data user 

4. Who maintains the data? 

Local repository 
Jurisdictional/district repository 
State repository 

a. If data are maintained at the local or jurisdictional repositories are data shared with a central database? 

Yes
No

b. If yes, how often are data transferred to the central database? 

Daily 
Weekly 
Monthly 
Quarterly 
Yearly 
As needed or other, please specify:

c. If no, what are the barriers?
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d. What type of database is used for the central repository? 

Oracle
SQL Server 
DB2
Other, please specify:

e. Are data transferred electronically to the central repository or submitted in hard-copy format and keyed/entered/held 
at the central location? (Mark all that apply.)  

Electronic data transmission 
Hard-copy submission 
Other, please specify:

i. If data are submitted in hard-copy format is the original form maintained or scanned to microfilm or 
digital image file?   

Original maintained 
Original scanned to microfilm 
Original scanned to digital image file 

f. Are there manual or automated checks when entering information into databases to ensure quality? 

Yes
No

5. Who has access to the data? (Mark all that apply.) 

Internal offices 
Other state agencies 
Local agencies 
Public/private sector 

6. How is access to the roadway inventory database provided? (Mark all that apply.) 

Secure intranet site 
Secure Internet site 
Unsecured Internet site 
FTP transfer 
CD-Rom/DVD 
Other, please specify:

a. If external access is granted, do external users have access to the most current data or are data released at intervals 
(monthly, quarterly, yearly)? 

Current
Interval releases 

Monthly 
Quarterly 
Yearly 
Other, please specify:

7. How current is the information in the database? 

<1 week old 
1–3 months old 
3–6 months old 
6–12 months old 
1–2 years old 
2–5 years old 
Other, please specify:
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8. How many years of data are maintained in the roadway inventory database?

9. What year was the database established?

10. Do you archive the data at regular intervals to preserve road history?
______________________________________________________________________ 

11. Does the roadway inventory database contain specific data elements that allow linkage to other databases?  

Yes
No

a. If yes, to which of the following databases can the roadway inventory/pavement monitoring database be linked?  
(Mark all that apply.) 

Crash records 
EMS run records 
Medical records/hospital discharge 
Driver history records 
Roadway inventory databases 
Traffic flow databases 
GIS databases 
Citation/conviction files 
Driver’s license records 
Vehicle registration records 
Commercial motor vehicle registration databases 
Other, please specify:

b. If no, what are the primary challenges or obstacles to data linkage? 

12. Is there a website that contains information or data from the roadway inventory database (summary reports, statistics, 
data dictionary, etc.) or that allows online queries of data?   

http://

13. Has your agency conducted, funded, or participated in research regarding data collection and management methods for 
roadway inventory or pavement monitoring?  If so, are there any final reports or other information available?      

14. Please select the types of road characteristics and traffic data you collect/manage for each roadway type using the 
following convention.  You may use multiple letters for each box.  Leave the box blank if none of the categories apply. 

Categories are:
 C  – collect data comprehensively (e.g., roadway inventory) 
 S – collect data using sampling (e.g., HPMS) 
 A – collect data on an as-needed basis for special studies (e.g., high accident incidence, traffic control  

                              device warrant) 
 M  – manage and disseminate data including data storage 
 U  – user of data collected by another organization 
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Types of Roads 

Traffic Characteristics Data 

L
im

it
ed

A
cc

es
s 

A
rt

er
ia

ls
 

C
ol

le
ct

or
s 

L
oc

al

Speed

         emuloV

Vehicle classification        

        thgiew elciheV

        daol elxA

        gnicaps elxA
Occupancy or density        

Origin and destination        

        ytilauq riA

Pedestrian counts            

Incident location        

Incident duration         
Type of incidents            
Incident severity        

           lortnoc ciffarT

15. Please select the types of technologies used to collect traffic data with the following conventions.  
You may use multiple letters for each box.  Leave the box blank if none of the categories apply.  

  Categories are: 
 S – speed 
 V – volume 
 D – density 
 O – other, specify:

 **gnirotinoM eliboM *noitacoL tnenamreP ygolonhceT
Manual count boards 
Road tubes, pneumatic counter

 -----  srotceted pooL
   srotceted oediV
   srotceted radaR
   srotceted radil resaL
   srotceted citsuocA
  ----- srotceted citengaM
   srotceted evaworciM
   srotceted cinosartlU
   srosnes derarfni evissap dna evitcA
   noitacifitnedi elcihev citamotuA
   seborp elciheV

Other; please specify below: 
   
   
   

*Permanent location (e.g., ATMS stations, permanent count station). 
**Mobile monitoring (e.g., short-term work zone activities, HPMS). 
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16. Do you collect origin and destination data?  

Yes
No 

If yes, which of the following technologies do you use?  

Automatic vehicle identification (travel time, CVO) 
License plate surveys 
Other, please specify:

17. Do you collect pedestrian counts? 

Yes
No

If yes, which of the following technologies do you use?:  

Manual counts   
Automated methods (please specify):
Others, please specify:

18. Do you collect bicycle count data?  

Yes
No 

If yes, which of the following technologies do you use? 

Manual 
Automated specify: 
Others, please specify:

19. Please specify which technologies you plan to deploy in the next 5–10 years:  

20. What is the frequency of data collection? 

Frequency 
Data Type 

As Needed Monthly Yearly Other, specify: 
     deepS
     emuloV
     ytisneD

Origin/destination     
Vehicle classification     
Vehicle weight     
Pedestrian counts     
Bicycle counts     

21. What are the primary uses for your traffic operations data? 

Federal reporting 
Input to safety evaluation 
Planning
Design 
Other, please specify:
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22. Do you receive any data owned or collected by other agencies?  

Yes
No

Data CollectedAgency

Toll collection 

Weigh stations

Large event venues

Emergency call centers (9-1-1)

Real-time traffic management centers

Other DOTs

Consulting firms

Other (specify):

23. Do you archive the data collected from real-time systems (such as real-time traffic sensors) controlled by your 
agency in the region? 

Yes
No

If yes, have you used archived data in your planning activities?  

 Please specify the usage:

24. Do you have any plans to buy more technology for traffic or road characteristic data collection in your region? 

Yes
No

Yes
No

  If yes, when?

   Please specify the techonologies:

25. Do you face any technical problems with the technology components like loop detectors, video detectors, etc.? 

Yes
No

 Please specify problems by technology (please state whether your statements are based on field experience or formal 
operational evaluations): 

26. Do you face any technical problems while using the collected data in various software systems (such as compatibility 
with the input data requirements, formats, etc.)? 

Yes
No

      Please explain:
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27. Have increased security concerns in your state shifted traffic collection technologies toward any specific detection or 
data collection method(s)?  

Yes
No

Please explain:

Use this space to provide any additional comments or information related to your roadway inventory database or pavement 
monitoring: 

TECHNOLOGY DETAILS

The previous questions inquired about the types of data, access, and technologies used to collect the data.  In the following section, 
we would like to obtain additional details on specific technologies or innovations used by your agency.  If you use any new, 
advanced, unusual, or different technologies, software applications, or innovative methods to assist in collecting, processing, or 
maintaining data, please indicate the type of technology, software, or method in the sections below.  We would also like to know if 
the technologies were developed in-house, by a consultant, or purchased off-the-shelf, and whether or not you have completed any
evaluations.  Please complete one section for each technology, software application, or method that you believe might be 
important for this study.  Additional pages can be added if necessary.  For instance, if you identified previously that you use new 
radar devices to unobtrusively collect traffic volume data, please provide details for this technology below.  Additionally, we are 
interested in software applications that you use to process or link data, as well as innovative methods such as training or 
procedures for efficient data collection.   

Technology, Software Application, or Innovative Method #1

Descriptive title:

Who developed the technology/software/method?  
Developed in-house 
Developed by consultant 
Purchased off-the-shelf 
Other, please specify:

If developed by a consultant/vendor, please provide consultant/vendor contact information in the space below.   

Company name:
Company address:

Company phone:
Company fax:
Company contact:
Contact e-mail:
Company website:

How long have you been using the technology/software/method? 

<1 year 
1–2 years 
2–5 years 
>5 years 
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Have you completed any evaluations of the use of the technology/software/method? 

Yes
No
Evaluation in progress 

If yes, did the technologies prove to be cost-effective or improve efficiencies in data collection, processing, or maintenance?

Yes
No
Inconclusive 

Is the technology/software/method used locally or statewide? 

Locally 
Statewide

 If the technology/software/method is used locally, are there plans for implementing it statewide? 

Yes
No
Don’t know 

Did you experience any integration issues? 

Yes
No

 If yes, please briefly explain the issues and resolution:

Use the space below to provide any additional comments about this technology, software application, or method: 
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APPENDIX F

Data and Technology Matrix
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IHSDM SafetyAnalyst

Highway
Measurement

Vehicle
Video-
logging

Electronic
Crash
Report GPS

Barcode /
Magnetic

Strip
Reader

Plan Sheet /
Crash Report

Document
Scanning

Event
Data

Recorder
ITS Data
Archives

 

Non-
Intrusive
Traffic

Counters
Satellite
Imagery

 

Number x
Length
Location x

x

Type x
Name or number x

Highway system code x
County number x
District number o
City/town number o
Jurisdiction o

o
Area type x

o
x

o
x

o

o

x

Date opened to traffic
Heading x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x

x

x
x

x
x
x
x

x
x

x

x

x

x
Length x
Radius
Position
Presence
Position
Angle x
Direction
Back grade
Back length x
Forward length x
Position 
Length x
Position
Length x

x
Elevations

Number (dir) x

x
Width x
Type
Width x

x
x

Type x
Width
Slope
Rounding x

x
x
x
x

x
x
x
x
x
x

Normal crown x
x

x
x

Superelevation
Pavement type

Number x
Width x

x

x
x

Number x
x
x
x
x

Passing
Turning
Two-way left turn
Climbing

Lane offset 
Curve widening

Data Requirements Potential Data Collection Technologies

Data
Category/Type Data Element Sub-Element

Segment

Route

Lane

General

Horizontal Alignment

Horizontal tangent

Horizontal simple curve

Horizontal spiral curve 

Horizontal deflection 

Vertical Alignment

Highway cross slope

Shoulder 
Cross-section

Vertical curve 

Vertical tangent

Vertical point of intersection

Thru lanes  

Median

Thru lane

Auxiliary lane 

Road Inventory (Geometric) Data 

T
echnologies for Im

proving S
afety D

ata

C
opyright N

ational A
cadem

y of S
ciences. A

ll rights reserved.

http://www.nap.edu/23155


IHSDM SafetyAnalyst

Highway
Measurement

Vehicle
 Video-

logging

Electronic
Crash
Report GPS

Barcode /
Magnetic

Strip
Reader

 
Plan Sheet /

Crash Report
Document
Scanning

Event
Data

Recorder
ITS Data
Archives

Non-
Intrusive

Traffic
Counters

Satellite
Imagery

 

Bike facilities present
Driveway density x

x
x

Slope x x
Width x x
Slope x x
Width x x
Bottom shape
Width x

x
x
x

x

Offset x

x
x
x

x
x
x

x
x

x

x
x
x

x
x

x

x
x
x

x

x
x

x
Presence x
Side

Roadside hazard rating 
Number of intersection legs
Approach type (maj/min)
Intersection skew angle
Number quadrants w/ limited
sight distance x

x

x

x

x

x

x
x

Intersection location x
Type of intersection
Type of traffic control
Major road direction x

x
x
x

x
o

Beginning x x
End x
Presence x
Distance x

x
x

x
Direction x

xThrough x

x

x
x
x

x
x
x

x

x
x
x

Right-turn
Left-turn

Median type
Signal left-turn phasing
Turn prohibitions

Number x
Location x
Type x

x

x
x
x
x
x

Configuration x
At freeway
At crossroad x

x

x

Number of lanes x
Volume — ADT x

x
x
x
x
x
x

x x

Roadside
Backslope

Foreslope 

Influence zone

Ditch 

Obstruction

Data
Category/Type Data Element

Offset Intersection

Number of lanes 

Ramp 

Type of connection 

Intersection Leg

Intersection

Ramps

Sub-Element

Data Requirements Potential Data Collection Technologies

Road Inventory (Geometric) Data 

x
x

x
x
x
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IHSDM SafetyAnalyst

Highway
Measurement

Vehicle
Video-

logging

Electronic
Crash
Report GPS

Barcode /
Magnetic

Strip
Reader

Plan Sheet /
Crash Report

Document
Scanning

Event
Data

Recorder
ITS Data
Archives

 

Non-
Intrusive
Traffic

Counters
Satellite
Imagery

Traffic 
Terrain xx

x

x
x

xLevel 1 x
Level 2
Level 3
Design x

x
x
x
x

x
x

x
x

x
85th actual
Posted
ADT x

x

x
o

o
o

o

DHV o
Peak hour o
Growth factor
% heavy vehicles o

o

Access control
Traffic-way flow
Interchange influence area o

o

x

x
x
x
x
x

x

x
x
x
x
x

x

x

Functional classification 

Volume 

Traffic Operations

Speed 

Data 
Category/Type Data Element Sub-Element

Data Requirements Potential Data Collection Technologies
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IHSDM SafetyAnalyst

Highway
Measurement

Vehicle
Video-
logging

Electronic
Crash
Report GPS

Barcode /
Magnetic

Strip
Reader

Plan Sheet /
Crash Report

Document
Scanning

Event
Data

Recorder
ITS Data
Archives

Non-
Intrusive

Traffic
Counters

Satellite
Imagery

Crash Data   
Accident case identifier 
Route type
Route name/number
County number
Accident location 
Location identifier system
District number
City/town number

Year x x
Year, month, day xx

x

x x

x xAccident time 
Relationship to junction x

x
x

x
o

o
o
o
o
o
o

o
o

o
o
o

x
x

x
x
x
x
x
x
x
x
x

x
x

o
o

x
x
x
x

x
x
x
x

xx

x
x
x
x
x

x
x
x
xx

x

x

x
x
x
x
x
x
x
x
x
x
x
x

x
x
x
x
x
x

x

x

Driveway indicator
Light condition
Weather condition
Roadway surface condition
Accident type and manner of
collision 

Environment x
Road

School bus related  
Work zone related
Number of vehicles involved 
Accident severity 
Alcohol/drug involvement
Tow-away indicator
Run-off road indicator
Pedestrian indicator
Bicycle indicator
Divided highway flag
Day of week x
Initial direction of travel 
Vehicle maneuver/action x

x

Vehicle configuration x
First harmful event 

Person-Level Driver age x

Vehicle-Level

Accident date  

Contributing circumstances 

Accident-Level

Potential Data Collection Technologies

Data
Category/Type Data Element Sub-Element

Data Requirements
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Abbreviations used without definitions in TRB publications:

AAAE American Association of Airport Executives
AASHO American Association of State Highway Officials
AASHTO American Association of State Highway and Transportation Officials
ACI–NA Airports Council International–North America
ACRP Airport Cooperative Research Program
ADA Americans with Disabilities Act
APTA American Public Transportation Association
ASCE American Society of Civil Engineers
ASME American Society of Mechanical Engineers
ASTM American Society for Testing and Materials
ATA Air Transport Association
ATA American Trucking Associations
CTAA Community Transportation Association of America
CTBSSP Commercial Truck and Bus Safety Synthesis Program
DHS Department of Homeland Security
DOE Department of Energy
EPA Environmental Protection Agency
FAA Federal Aviation Administration
FHWA Federal Highway Administration
FMCSA Federal Motor Carrier Safety Administration
FRA Federal Railroad Administration
FTA Federal Transit Administration
IEEE Institute of Electrical and Electronics Engineers
ISTEA Intermodal Surface Transportation Efficiency Act of 1991
ITE Institute of Transportation Engineers
NASA National Aeronautics and Space Administration
NASAO National Association of State Aviation Officials
NCFRP National Cooperative Freight Research Program
NCHRP National Cooperative Highway Research Program
NHTSA National Highway Traffic Safety Administration
NTSB National Transportation Safety Board
SAE Society of Automotive Engineers
SAFETEA-LU Safe, Accountable, Flexible, Efficient Transportation Equity Act: 
 A Legacy for Users (2005)
TCRP Transit Cooperative Research Program
TEA-21 Transportation Equity Act for the 21st Century (1998)
TRB Transportation Research Board
TSA Transportation Security Administration
U.S.DOT United States Department of Transportation
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