
TRAVEL TIME 
DATA COLLECTION HANDBOOK

Report No. FHWA-PL-98-035

Office of Highway Texas Transportation Institute
Information Management Texas A&M University System
Federal Highway Administration 
U.S. Department of Transportation 

March 1998



Technical Report Documentation Page 

 1.  Report No.  2.  Government Accession No.  3.  Recipient's Catalog No.

FHWA-PL-98-035
 4.  Title and Subtitle  5.  Report Date

TRAVEL TIME DATA COLLECTION HANDBOOK
March 1998
 6.  Performing Organization Code

 7.  Author(s)  8.  Performing Organization Report No.

Shawn M. Turner, William L. Eisele, Robert J. Benz, and Douglas J. Research Report 07470-1F
Holdener  
 9.  Performing Organization Name and Address 10.  Work Unit No. (TRAIS)

Texas Transportation Institute
The Texas A&M University System
College Station, Texas  77843-3135

11.  Contract or Grant No.

12.  Sponsoring Agency Name and Address 13.  Type of Report and Period Covered

Federal Highway Administration Final Report:
Office of Highway Information Management, HPM-30 January 1997 - March 1998
400 Seventh Street, SW
Washington, DC  20590

14.  Sponsoring Agency Code

15.  Supplementary Notes

Research performed in cooperation with the Federal Highway Administration and the Texas Department of
Transportation.  Project COTR:  Ralph Gillmann, Office of Highway Information Management (HPM-30)
Research Study Title:  Development of a Travel Time Data Collection Handbook
16.  Abstract

This Travel Time Data Collection Handbook provides guidance to transportation professionals and practitioners
for the collection, reduction, and presentation of travel time data.  The handbook should be a useful reference
for designing travel time data collection efforts and systems, performing travel time studies, and reducing and
presenting travel time data.  Agencies new to travel time data collection may wish to adopt sections of the
handbook as standard procedures, whereas agencies with data collection experience may wish to incorporate
specific details or criteria.  

Initial chapters of the handbook describe how to design data collection activities, including the determination
of parameters such as study size and scope, data collection technique, and other critical study elements.  Chapters
3 through 6 include a description of each data collection technique, major advantages and disadvantages, cost
and equipment requirements, and step-by-step instructions.  Related experience with the data collection
techniques is included for examples of applications.  Chapter 7 provides guidance for reducing travel time data
and preparing tabular and graphical presentations.

The chapters of the handbook are as follows:  Chapter 1, Introduction; Chapter 2, Developing and Implementing
a Data Collection Plan; Chapter 3, Test Vehicle Techniques; Chapter 4, License Plate Matching Techniques;
Chapter 5, ITS Probe Vehicle Techniques; Chapter 6, Emerging and Non-Traditional Techniques; and Chapter
7, Data Reduction, Summary, and Presentation.
17.  Key Words 18.  Distribution Statement

Travel Time Data Collection, Study Planning, Test No restrictions.  This document is available to the
Vehicle, License Plate Matching, ITS Probe Vehicle public through NTIS:

National Technical Information Service
5285 Port Royal Road
Springfield, Virginia  22161

19.  Security Classif.(of this report) 20.  Security Classif.(of this page) 21.  No. of Pages 22.  Price

Unclassified Unclassified 348
  Form DOT F 1700.7 (8-72)                       Reproduction of completed page authorized



Travel Time Data Collection Handbook v

DISCLAIMER

The contents of this report reflect the views of the authors, who are responsible for the facts and the
accuracy of the data presented herein.  The contents do not necessarily reflect the official views or
policies of the Federal Highway Administration or the Texas Department of Transportation.  This
report does not constitute a standard, specification, or regulation.

ACKNOWLEDGMENTS

The authors would like to acknowledge the FHWA Project Director, Ralph Gillmann, of the Office
of Highway Information Management, and the TxDOT Project Director, Ken Mora, of the
Transportation Planning and Programming Division.  Other members of the TxDOT Project
Advisory Panel include:

• Jim Neidigh, Transportation Planning and Programming, TxDOT
• Ted Miller, Federal Highway Administration, Austin

The authors would also like to acknowledge the following peer reviewers that volunteered their time
and provided numerous useful comments:

• Darcy Bullock, Purdue University (formerly Louisiana State University);
• Ed Christopher, Chicago Area Transportation Study;
• Bruce Griesenbeck, Sacramento Area Council of Governments
• Jeff Hochmuth, Illinois Department of Transportation;
• Tai-Kuo Liu, Volpe National Transportation Systems Center;
• Cesar Quiroga, Louisiana State University; and,
• Paul Shuldiner, University of Massachusetts.

Shawn Turner, William Eisele, Robert Benz, and Doug Holdener developed the primary material
in the handbook.  Pat Beck and Ivan Lorenz provided their expertise in graphics production and
Clifford Spiegelman provided statistical assistance.  

METRICATION

An attempt was made by the authors to provide all applicable quantities in metric units in adherence
with state and federal reporting guidelines.  Some complex figures and/or tables adapted from other
sources are provided in the original English units because of the difficulty in creating an electronic
version.



Travel Time Data Collection Handbook vii

TABLE OF CONTENTS

PAGE

1 INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-1
1.1 Objective of the Handbook . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-1
1.2 Handbook Organization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-2
1.3 Existing Guidelines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-3
1.4 Overview of Techniques . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-3
1.5 Travel Time and Speed Definitions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-5
1.6 Direct Measurement Versus Estimation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-9
1.7 References for Chapter 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-10

2 DEVELOPING AND IMPLEMENTING A DATA COLLECTION PLAN . . . . . . . . 2-1
2.1 Establish Study Purpose and Objectives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-1
2.2 Understand Uses and Users . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-3
2.3 Define Study Scope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-5

2.3.1 Geographic Areas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-5
2.3.2 Facility Types . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-6
2.3.3 Time Elements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-11

2.4 Select Data Collection Technique . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-16
2.5 Develop Data Collection Schedule and Equipment Checklists . . . . . . . . . . . . 2-21
2.6 Conduct Training . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-24
2.7 Perform Pilot Studies or Trial Runs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-25
2.8 Collect Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-25
2.9 Reduce Data and Perform Quality Control . . . . . . . . . . . . . . . . . . . . . . . . . . 2-26
2.10 References for Chapter 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-27
2.11 Additional Resources for Data Collection Planning . . . . . . . . . . . . . . . . . . . . 2-28

3 TEST VEHICLE TECHNIQUES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-1
3.0.1 General Advantages and Disadvantages . . . . . . . . . . . . . . . . . . . . . . . . 3-2
3.0.2 Sample Sizes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-3
3.0.3 Data Collection Considerations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-7

3.1  Manual Method . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-12
3.1.1 Advantages and Disadvantages . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-14
3.1.2 Cost and Equipment Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . 3-14
3.1.3 Data Collection Instructions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-17
3.1.4 Data Reduction and Quality Control . . . . . . . . . . . . . . . . . . . . . . . . . 3-24
3.1.5 Previous Experience . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-25



viii Travel Time Data Collection Handbook

TABLE OF CONTENTS (Continued)

PAGE

3.2 Distance Measuring Instrument . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-27
3.2.1 Advantages and Disadvantages . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-29
3.2.2 Cost and Equipment Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . 3-30
3.2.3 Data Collection Instructions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-32
3.2.4 Data Reduction and Quality Control . . . . . . . . . . . . . . . . . . . . . . . . . 3-35
3.2.5 Previous Experience . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-36

3.3 Global Positioning System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-40
3.3.1 Advantages and Disadvantages . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-41
3.3.2 Cost and Equipment Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . 3-43
3.3.3 Data Collection Instructions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-48
3.3.4 Data Reduction and Quality Control . . . . . . . . . . . . . . . . . . . . . . . . . 3-50
3.3.5 Previous Experience . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-52

3.4 References for Chapter 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-62
3.5 Additional Resources for Test Vehicle Techniques . . . . . . . . . . . . . . . . . . . . 3-64

4 LICENSE PLATE MATCHING TECHNIQUES . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-1
4.0.1 General Advantages and Disadvantages . . . . . . . . . . . . . . . . . . . . . . . . 4-1
4.0.2 Designation of Mid-Route Checkpoints . . . . . . . . . . . . . . . . . . . . . . . . 4-3
4.0.3 Observer or Video Recorder Positioning . . . . . . . . . . . . . . . . . . . . . . . 4-5
4.0.4 Sample Sizes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-5
4.0.5 License Plate Syntax . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-8

4.1 Manual Methods of License Plate Matching . . . . . . . . . . . . . . . . . . . . . . . . . . 4-9
4.1.1 Advantages and Disadvantages . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-9
4.1.2 Cost and Equipment Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-9
4.1.3 Data Collection Instructions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-10
4.1.4 Previous Experience . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-13

4.2 Portable Computer-Based License Plate Matching . . . . . . . . . . . . . . . . . . . . 4-14
4.2.1 Advantages and Disadvantages . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-14
4.2.2 Cost and Equipment Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . 4-14
4.2.3 Data Collection Instructions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-15
4.2.4 Previous Experience . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-19

4.3 Video with Manual Transcription . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-26
4.3.1 Advantages and Disadvantages . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-26
4.3.2 Cost and Equipment Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . 4-26
4.3.3 Data Collection Instructions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-27



Travel Time Data Collection Handbook ix

TABLE OF CONTENTS (Continued)

PAGE

4.4 Video with Character Recognition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-30
4.4.1 Advantages and Disadvantages . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-30
4.4.2 Cost and Equipment Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . 4-31
4.4.3 Considerations for Automated License Plate Recognition Systems . . 4-32
4.4.4 Data Collection Instructions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-35
4.4.5 Previous Experience . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-37

4.5 References for Chapter 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-40
4.6 Additional Resources for License Plate Matching Techniques . . . . . . . . . . . . 4-42

5 ITS PROBE VEHICLE TECHNIQUES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-1
5.0.1 General Advantages and Disadvantages . . . . . . . . . . . . . . . . . . . . . . . . 5-1
5.0.2 Sample Size Criteria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-4
5.0.3 ITS Data Considerations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-7

5.1 Signpost-Based Automatic Vehicle Location . . . . . . . . . . . . . . . . . . . . . . . . . 5-9
5.1.1 Advantages and Disadvantages . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-11
5.1.2 Costs and Equipment Requirements . . . . . . . . . . . . . . . . . . . . . . . . . 5-12
5.1.3 System Design Considerations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-14
5.1.4 Data Reduction and Quality Control . . . . . . . . . . . . . . . . . . . . . . . . . 5-15
5.1.5 Previous Experiences . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-16

5.2 Automatic Vehicle Identification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-20
5.2.1 Advantages and Disadvantages . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-23
5.2.2 Costs and Equipment Resources . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-24
5.2.3 System Design Considerations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-26
5.2.4 Data Reduction and Quality Control . . . . . . . . . . . . . . . . . . . . . . . . . 5-29
5.2.5 Previous Experience . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-31

5.3 Ground-Based Radio Navigation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-36
5.3.1 Advantages and Disadvantages . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-38
5.3.2 Cost and Equipment Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . 5-39
5.3.3 Data Collection Instructions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-40
5.3.4 Data Reduction and Quality Control . . . . . . . . . . . . . . . . . . . . . . . . . 5-41
5.3.5 Previous Experience . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-42

5.4 Cellular Phone Tracking . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-44
5.4.1 Advantages and Disadvantages . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-47
5.4.2 Cost and Equipment Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . 5-48
5.4.3 System Design Considerations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-49
5.4.4 Data Reduction and Quality Control . . . . . . . . . . . . . . . . . . . . . . . . . 5-50
5.4.5 Previous Experience . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-50



x Travel Time Data Collection Handbook

TABLE OF CONTENTS (Continued)

PAGE

5.5 Global Positioning System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-53
5.5.1 Advantages and Disadvantages . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-54
5.5.2 Cost and Equipment Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . 5-55
5.5.3 Data Reduction and Quality Control . . . . . . . . . . . . . . . . . . . . . . . . . 5-60
5.5.4 Previous Experience . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-61

5.6 References for Chapter 5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-65
5.7 Additional Resources for ITS Probe Vehicle Techniques . . . . . . . . . . . . . . . 5-69

6 EMERGING AND NON-TRADITIONAL TECHNIQUES . . . . . . . . . . . . . . . . . . . . 6-1
6.1 Extrapolation Method . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-2
6.2 Vehicle Signature Matching . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-5

6.2.1 Inductance Loop Detectors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-6
6.2.2 Laser Sensors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-6
6.2.3 Weigh-in-Motion (WIM) Sensors . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-9
6.2.4 Video . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-10

6.3 Platoon Matching . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-12
6.4 Aerial Surveys . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-15
6.5 References for Chapter 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-17

7 DATA REDUCTION, SUMMARY, AND PRESENTATION . . . . . . . . . . . . . . . . . . 7-1
7.1 Data Reduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-1
7.2 Overview of Travel Time Data Applications . . . . . . . . . . . . . . . . . . . . . . . . . . 7-7
7.3 Understanding Your Audience for Travel Time Summaries . . . . . . . . . . . . . . . 7-9
7.4 Presenting Dimensions of Congestion with Travel Time and Speed Data . . . . . 7-9
7.5 Examples of Data Summaries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-11

7.5.1 Run Summaries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-12
7.5.2 Aggregated Run Summaries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-18
7.5.3 Corridor or Route Summaries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-25
7.5.4 Functional Class Summaries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-35
7.5.5 Other Summaries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-42

7.6 References for Chapter 7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-48



Travel Time Data Collection Handbook xi

TABLE OF CONTENTS (Continued)

PAGE

APPENDIX A:  COMPUTER SOFTWARE FOR TEST VEHICLE TECHNIQUES . . . . . . A-1
1 TA-88/MVRAP Speed and Delay Study Software . . . . . . . . . . . . . . . . . . . . . A-4

1.1 Preparing to Use MVRAP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-4
1.2 Collecting Field Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-6
1.3 Data Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-6
1.4 Comments on the Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-9

2 PC-TRAVEL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-10
2.1 Preparing to Use PC-TRAVEL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-10
2.2 Collecting Field Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-13
2.3 Data Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-14

3 CATS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-21
3.1 Preparing to Use CATS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-21
3.2 Collecting Field Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-25
3.3 Data Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-28

APPENDIX B:  COMPUTER SOFTWARE FOR LICENSE PLATE MATCHING . . . . . . . B-1

1 Texas Transportation Institute’s License Plate Collection 
and Matching Software . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B-1
1.1 Instructions for Using License Plate Collection 

and Matching Software . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B-1



Travel Time Data Collection Handbook xiii

LIST OF FIGURES

PAGE

Figure 1-1.  Illustration of Running Time and Stopped Delay Time . . . . . . . . . . . . . . . . . . . . 1-5
Figure 1-2.  Relationship Between Direct Measurement and Estimation Techniques 

in Transportation Analyses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-9
Figure 2-1.  Travel Time Data Collection Process . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-2
Figure 2-2.  Illustration of Weekday Speed Variation 

(Morning Peak Hour Speeds, I-10 Freeway in Houston, Texas) . . . . . . . . . . . . . . . . 2-14
Figure 2-3.  Defining Peak and Off-Peak Time Periods Using Traffic Volumes . . . . . . . . . . . 2-16
Figure 3-1.  Example 1 of Manual Test Vehicle Data Collection Form . . . . . . . . . . . . . . . . . 3-20
Figure 3-2.  Example 2 of Manual Test Vehicle Data Collection Form . . . . . . . . . . . . . . . . . 3-21
Figure 3-3.  Example 3 of Manual Test Vehicle Data Collection Form . . . . . . . . . . . . . . . . . 3-22
Figure 3-4.  Typical Equipment Setup for DMI Test Vehicle Data Collection . . . . . . . . . . . . 3-28
Figure 3-5.  The GPS Satellite Constellation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-41
Figure 3-6.  Typical Equipment Setup for GPS Test Vehicle Technique . . . . . . . . . . . . . . . . 3-45
Figure 3-7.  Equipment Used for GPS Data Collection in San Antonio . . . . . . . . . . . . . . . . . 3-55
Figure 3-8.  Sample Data from Data Logging Software . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-56
Figure 3-9.  Field Data Log Form Used for GPS Data Collection in San Antonio, Texas . . . 3-57
Figure 4-1.  Illustration of License Plate Matching Techniques . . . . . . . . . . . . . . . . . . . . . . . . 4-2
Figure 4-2.  Standard Deviation as a Function of Sample Size . . . . . . . . . . . . . . . . . . . . . . . . 4-6
Figure 4-3.  Example of Data Entry Screen for Site Information . . . . . . . . . . . . . . . . . . . . . 4-17
Figure 4-4.  Peak Period Speed Profile for IH-30 Freeway and HOV Lane:  Dallas, Texas . . 4-25
Figure 4-5.  Speed Frequency Distribution for IH-30 HOV Lane:  Dallas, Texas . . . . . . . . . 4-25
Figure 5-1.  Signpost-Based AVL Communication Processes . . . . . . . . . . . . . . . . . . . . . . . . 5-10
Figure 5-2.  Data from San Antonio VIA Transit’s Signpost-Based AVL System . . . . . . . . . 5-17
Figure 5-3.  Data from New Jersey Transit’s Signpost-Based AVL System . . . . . . . . . . . . . 5-19
Figure 5-4.  AVI Vehicle-to-Roadside Communication Process . . . . . . . . . . . . . . . . . . . . . . 5-21
Figure 5-5.  Typical AVI Tag Reads in ASCII Text File . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-30
Figure 5-6. Typical AVI Antenna Mounting in Houston, Texas . . . . . . . . . . . . . . . . . . . . . . 5-32
Figure 5-7. Ground-Based Radio Navigation Communication Process . . . . . . . . . . . . . . . . . 5-37
Figure 5-8. Cellular Geolocation Communications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-46
Figure 5-9. Typical Configuration for Satellite-Based Probe Vehicle System . . . . . . . . . . . . 5-56
Figure 6-1.  Example of Extrapolating Link Travel Times from Spot Speeds . . . . . . . . . . . . . 6-3
Figure 6-2.  Characteristic Detuning Curves of Inductance Loop Detectors . . . . . . . . . . . . . . 6-7
Figure 6-3.  Vehicle Signature Correlation Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-8
Figure 6-4.  Comparison of Travel Times Collected 

Using Norwegian AVI (Q-Free) and WIM (Bilfunn) Systems . . . . . . . . . . . . . . . . . . 6-10
Figure 6-5.  Platoon Matching using the Ratio of Large Vehicles . . . . . . . . . . . . . . . . . . . . . 6-12



xiv Travel Time Data Collection Handbook

LIST OF FIGURES (Continued)

PAGE

Figure 6-6.  Comparison of Travel Times from Platoon Matching and 
AVI Probe Vehicle Systems in Free-Flow Traffic Conditions . . . . . . . . . . . . . . . . . . 6-13

Figure 6-7.  Comparison of Travel Times from Platoon Matching and 
AVI Probe Vehicle Systems in Congested Traffic Conditions . . . . . . . . . . . . . . . . . . 6-14

Figure 6-8.  Correlation of Aerial Survey Densities (OKI Samples) 
to Ground-Collected Speeds (MWCOG Samples) . . . . . . . . . . . . . . . . . . . . . . . . . . 6-16

Figure 7-1.  Example of Graphical Run Summary (Speed Profile) for 
Corinth/Lancaster Street in Dallas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-13

Figure 7-2.  Example of Tabular Run Summary for Corinth/Lancaster Street in Dallas . . . . . 7-14
Figure 7-3.  Example Summary of Travel Time, Speed, and Delay Information 

for an Arterial Street . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-15
Figure 7-4.  Example of Combined Graphical and Tabular Data Summary 

from Tulsa, Oklahoma . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-17
Figure 7-5.  Example Aggregated Run Summary for Corinth/Lancaster Street in Dallas . . . . 7-19
Figure 7-6.  Example of Aggregated Run Summary (Average Speed Profile) 

in Southeastern Virginia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-20
Figure 7-7.  Example of Travel Time “Strip Map” in Baton Rouge, Louisiana . . . . . . . . . . . 7-22
Figure 7-8.  Example of a “Speed Deficit Map” in Baton Rouge, Louisiana . . . . . . . . . . . . . 7-23
Figure 7-9.  Example of Graphical Aggregated Run Summary in Cleveland, Ohio . . . . . . . . 7-24
Figure 7-10.  Example of Speed Contour Diagrams from Data Collection . . . . . . . . . . . . . . 7-26
Figure 7-11.  Example Speed Contour Diagram from FREQ Computer Program . . . . . . . . . 7-27
Figure 7-12.  Example Corridor Summary Illustrating Variability of Travel Speeds . . . . . . . 7-28
Figure 7-13.  Example Summary Illustrating Daily and Monthly Travel Time Variability . . . 7-29
Figure 7-14.  Example Summary Illustrating Differences in Travel Time Variability . . . . . . . 7-29
Figure 7-15.  Example of Corridor Summary with Detailed Information . . . . . . . . . . . . . . . . 7-30
Figure 7-16.  Example of Color Map Showing Average Speeds . . . . . . . . . . . . . . . . . . . . . . 7-34
Figure 7-17.  Example of Functional Class Summary in Arizona Cities . . . . . . . . . . . . . . . . . 7-36
Figure 7-18.  Example of Functional Class Summary in Harris County, Texas . . . . . . . . . . . 7-37
Figure 7-19.  Example Summary of Congestion and Average Speed Trends . . . . . . . . . . . . . 7-40
Figure 7-20.  Example Summary of Regional Speed Distribution 

for Class I Arterial Streets . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-41
Figure 7-21.  Example of Activity Center Average Speed Comparison 

in Philadelphia, Pennsylvania . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-44
Figure 7-22.  Example of a Travel Time Contour Map . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-45
Figure 7-23.  Example of an Accessibility Map for Montgomery County, Maryland . . . . . . . 7-46



Travel Time Data Collection Handbook xv

LIST OF FIGURES (Continued)

PAGE

Figure A-1.  MVRAP Main Menu . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-5
Figure A-2.  TA-88 Control Screen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-5
Figure A-3.  Example of “Summary of Run Data” Report . . . . . . . . . . . . . . . . . . . . . . . . . . . A-7
Figure A-4.  Example of “Evaluation Summary (By Link)” Report . . . . . . . . . . . . . . . . . . . . . A-8
Figure A-5.  Example Section of “Travel Speed Profile” Report . . . . . . . . . . . . . . . . . . . . . . . A-8
Figure A-6.  PC-TRAVEL Main Menu . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-11
Figure A-7.  Diagram of TDC-8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-12
Figure A-8.  “Edit Run Headers” Screen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-16
Figure A-9.  “Section Names and Length” Entry Screen . . . . . . . . . . . . . . . . . . . . . . . . . . . A-16
Figure A-10.  Partial “Quick Summary” . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-17
Figure A-11.  “Speed Profile” . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-18
Figure A-12.  Partial “Run Statistics” Report . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-19
Figure A-13.  CATS Main Menu . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-22
Figure A-14.  DMI_READ Facility Menu Setup Wizard . . . . . . . . . . . . . . . . . . . . . . . . . . . A-23
Figure A-15.  Function Key Definition Form . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-23
Figure A-16.  Segment Definition Menu Under “Make DMI_ANALYZE Yardstick Files” . . A-24
Figure A-17.  DMI_READ Main Menu . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-26
Figure A-18.  CATS Display Screen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-27
Figure A-19.  Example of CATS Comment Questions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-27
Figure A-20.  Example of CATS Raw Data File (Greatly Abbreviated) . . . . . . . . . . . . . . . . A-30
Figure A-21.  DMI_ANALYZE Screen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-31
Figure A-22.  Executive Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-32
Figure A-23.  Speed Profile . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-33
Figure B-1.  TTCOLLEC Site Information Entry Screen . . . . . . . . . . . . . . . . . . . . . . . . . . . . B-4
Figure B-2.  TTCOLLEC License Plate Entry Screen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B-5
Figure B-3.  Example Input Text File for TTMATCH . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B-6
Figure B-4.  Example Matching Input Screen for TTMATCH . . . . . . . . . . . . . . . . . . . . . . . . B-7
Figure B-5.  Example Output Text File from TTMATCH . . . . . . . . . . . . . . . . . . . . . . . . . . . B-8



Travel Time Data Collection Handbook xvii

LIST OF TABLES

PAGE

Table 1-1.  Comparison of Time-Mean and Space-Mean Speeds . . . . . . . . . . . . . . . . . . . . . . 1-8
Table 2-1.  Uses and Users of Travel Time Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-4
Table 2-2.  Urban Roadway Functional Classification Categories . . . . . . . . . . . . . . . . . . . . . . 2-6
Table 2-3.  Sample Size Estimation Equations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-10
Table 2-4.  Using ATR Station Traffic Volume Data to Select Typical Months . . . . . . . . . . 2-12
Table 2-5.  Qualitative Comparison of Travel Time Data Collection Techniques . . . . . . . . . 2-19
Table 2-6.  Advantages and Disadvantages of Travel Time Data Collection Techniques . . . . 2-20
Table 2-7.  Example of Data Collection Schedule for Test Vehicle Runs . . . . . . . . . . . . . . . 2-22
Table 2-8.  Example of Equipment Checklist . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-23
Table 2-9.  Example of Quality Control and Progress Tracking Forms . . . . . . . . . . . . . . . . . 2-26
Table 3-1.  Comparison of Test Vehicle Travel Time Data Collection Techniques . . . . . . . . . 3-3
Table 3-2.  Coefficients of Variation for the Test Vehicle Technique

 on Freeways and Arterial Streets . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-5
Table 3-3.  Illustrative Test Vehicle Sample Sizes on Freeways . . . . . . . . . . . . . . . . . . . . . . . 3-6
Table 3-4.  Illustrative Test Vehicle Sample Sizes on Arterial Streets . . . . . . . . . . . . . . . . . . . 3-6
Table 3-5.  Estimated Costs for the Manual Test Vehicle Technique . . . . . . . . . . . . . . . . . . 3-16
Table 3-6.  Estimated Costs for the Electronic DMI Test Vehicle Technique . . . . . . . . . . . . 3-32
Table 3-7.  Example of Weekly DMI Calibration Log . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-35
Table 3-8.  HICOMP Expenditures (Person-Years) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3-37
Table 3-9.  Estimated Costs for the GPS Test Vehicle Technique . . . . . . . . . . . . . . . . . . . . . 3-46
Table 4-1.  Comparison of Instrumentation Levels for the 

License Plate Matching Technique . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-4
Table 4-2.  Approximate Coefficients of Variation for License Plate Matching . . . . . . . . . . . . 4-7
Table 4-3.  Illustrative License Plate Matching Sample Sizes . . . . . . . . . . . . . . . . . . . . . . . . . 4-7
Table 4-4.  Estimated Costs for the Manual License Plate Matching Technique . . . . . . . . . . 4-10
Table 4-5.  Estimated Costs for the Portable Computer-Based 

License Plate Matching Technique . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-15
Table 4-6.  Comparison of Floating Car and Computerized License Plate 

Travel Time Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-19
Table 4-7.  Summary of Voice Recognition Performance on Arterial Streets . . . . . . . . . . . . 4-21
Table 4-8.  License Plate Collection and Matching Statistics 

from Houston and Dallas, Texas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4-24
Table 4-9.  Estimated Costs for Video with Manual Transcription . . . . . . . . . . . . . . . . . . . . 4-27
Table 4-10.  Estimated Costs for Video with Character Recognition . . . . . . . . . . . . . . . . . . 4-32
Table 5-1.  Comparison of ITS Probe Vehicle Systems/Techniques . . . . . . . . . . . . . . . . . . . . 5-3
Table 5-2.  Estimated Costs for the Signpost-Based AVL Probe Vehicle System . . . . . . . . . 5-12



xviii Travel Time Data Collection Handbook

LIST OF TABLES (Continued)

PAGE

Table 5-3.  Estimated Costs for AVI Probe Vehicle System . . . . . . . . . . . . . . . . . . . . . . . . . 5-25
Table 5-4.  Replication of Ground-Based Radio Navigation 

Vehicle Location Output Showing Nearest Cross Street . . . . . . . . . . . . . . . . . . . . . . 5-41
Table 5-5.  Replication of Ground-Based Radio Navigation 

Vehicle Location Output Showing Latitude/Longitude . . . . . . . . . . . . . . . . . . . . . . . 5-41
Table 5-6.  Estimated Costs for GPS Probe Vehicle System . . . . . . . . . . . . . . . . . . . . . . . . . 5-59
Table 7-1.  Corridor Travel Time Aggregation Example . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-6
Table 7-2.  Measures and Summaries to Display the Dimensions of Congestion . . . . . . . . . . 7-10
Table 7-3.  Example Tabular Run Summary in Hampton Roads, Virginia . . . . . . . . . . . . . . . 7-16
Table 7-4.  Example of a Tabular Aggregated Run Summary in Houston, Texas . . . . . . . . . 7-21
Table 7-5.  Example of Tabular Corridor Summary in Tulsa, Oklahoma . . . . . . . . . . . . . . . . 7-28
Table 7-6.  Example of Tabular Freeway Speed Summary in Houston, Texas . . . . . . . . . . . . 7-32
Table 7-7.  Example of Facility Summary--Morning Peak Period 

Travel Times and Speeds in Dallas, Texas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-33
Table 7-8.  Example of Functional Class Summary for 1986 Albuquerque 

Travel Time Study . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-38
Table 7-9.  Illustration of Functional Classification Summary for Harris County, Texas . . . . 7-39
Table 7-10.  Example of Activity Center Travel Time Matrix . . . . . . . . . . . . . . . . . . . . . . . . 7-43
Table A-1.  Summary of Test Vehicle Software and Contact Information . . . . . . . . . . . . . . . . A-3



Travel Time Data Collection Handbook xix

LIST OF ACRONYMS

AAA American Automobile Association
AADT Average Annual Daily Traffic
AASHTO American Association of State Highway Transportation Officials
ADEPT Automatic Debiting Electronic Payment in Transport
ADVANCE Advanced Driver and Vehicle Advisory Navigation Concept
APTS Advanced Public Transportation System
ARTS Advanced Rural Transportation System
ATMS Advanced Traffic Management Center
ATR Automatic Traffic Recorder
AVCS Advanced Vehicle Control System
AVI Automatic Vehicle Identification
AVL Automatic Vehicle Location
BTD Brazos Transit District
BYU Brigham Young University
Caltrans California Department of Transportation
CAPITAL Cellular Applied to ITS Tracking and Location
CASI Computer-Assisted Self-Interviewing
CATS Chicago Area Transportation Study

or Computer Aided Transportation Software
CBD Central Business District
CMS Congestion Management System
CTPS Central Transportation Planning Staff
CUTR Center for Urban Transportation Research
CV Coefficient of Variation
CVO Commercial Vehicle Operations
DART Dallas Area Rapid Transit 
DGPS Differential Global Positioning System
DMI Distance Measuring Instrument  
DMV Department of Motor Vehicles
DOD Department of Defense
DOT Department of Transportation
ETC Electronic Toll Collection
ETTM Electronic Toll and Traffic Management
FCC Federal Communications Commission 
FCI Freeway Congestion Index
FHWA Federal Highway Administration
GIS Geographic Information System
GPS Global Positioning System
HCM Highway Capacity Manual
HICOMP Highway Congestion Monitoring Program



xx Travel Time Data Collection Handbook

LIST OF ACRONYMS (Continued)

HOV High-Occupancy Vehicle
HPMS Highway Performance Monitoring System
IDOT Illinois Department of Transportation
ISTEA Intermodal Surface Transportation Efficiency Act
ITE Institute of Transportation Engineers
ITS Intelligent Transportation System
LOS Level of Service
LPR License Plate Recognition
LSU Louisiana State University
LTB London Transport Bus
MDI Model Deployment Initiative
MOE Measure of Effectiveness
MPO Metropolitan Planning Organization
MTPS Mobile Telephone Positioning Systems
MVRAP Moving Vehicle Run Analysis Package
NCHRP National Cooperative Highway Research Program
NMEA National Marine Electronics Association
NPRA Norway Public Roads Administration 
NTCIP National Transportation Communications for ITS Protocol
PATH Program for Advanced Transit and Highway
PDA Personal Digital Assistant
PSAP Public Safety Answering Point
RCE Research Center of Excellence
RF Radio Frequency
SA Selective Availability
SIP Standards Implementation Plan
SRD Standards Requirement Document
TDMA Time Division Multiple Access
TIC Transportation Information Center
TMC Transportation Management Center
TRAC Washington State Transportation Center
TRANSCOM Transportation Operations Coordinating Committee 
TRANSMIT TRANSCOM System for Managing Incidents and Traffic
TTI Texas Transportation Institute
TxDOT Texas Department of Transportation
VMT Vehicle Miles Traveled
WIM Weigh-in-Motion
WSDOT Washington State Department of Transportation


	Cover
	Title Page
	Table of Contents
	List of Figures
	List of Tables
	List of Acronyms

