e | Travel Time Data Collection

U, Department Field Tests - Lessons Learned

of Transportation
Federal Highway
Administration

DOT FHWA-PL-96-010 Final Report
DOT-VNTSC-FHWA-96-1 January 1996

Prepared for Prepared by This document is available to the public through the National
Technical Information Service, Springfield, VA 22161

Office of Highway Information Volpe National

Management Transportation Systems Center

Washington, DC 20590 Cambridge, MA 02142-1093



NOTICE

This document is disseminated under the sponsorship of the
Department of Transportation in the interest of information
exchange. The United States Government assumes no liability for
its contents or use thereof.




REPORT DOCUMENTATION PAGE OM’E?%{g roved o8

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the
time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, an
completing and reviewing the collection of information. Send comments regarding this burden estimate or any other
aspect of this collection of information, including suggestions_for reducing this burden, to Washington Headquarters
Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA
62202-4202,. and Lo the Office of gempent_ang gugaet, Paperworc Reguct Prole : -

he O of Man na B (0704-0188 dasninaton

1. AGENCY USE ONLY (Leave blank) | 3. REPORT TYPE AND DATES COVERED

Final Report
October 1992 - December 1995

| 2. REPORT DATE
f January 1996

4. TITLE AND SUBTITLE 5. FUNDING NUMBERS
Travel Time Data Collection Field Tests - Lesscns Learned

HW676/H6021
6. AUTHOR(S)
Tai K. Liu, Marsha Haines
7. PERFORMING ORGANIZATION MNAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
U.S. Department of Transportatiocn REPORT HUMBER
Research énd Special Progrgms Administration DOT-VUNTSC- FHWA-96-1
Volpe National Transportation Systems Center
Cambridge, MA 02142
9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING/MONITORING
U.S. Department of Transportation AGENCY REPORT NUMBER
Fedgral ng?way AdmlnlstraFlon | FHWA-PL-96-010
Office of Highway Information Management
Washington, DC 20590

11. SUPPLEMENTARY NOTES

Research performed in cooperation with the Boston Central Transportation Planning Staff, Boston SmartRoute Systems,
Puget Sound Regional Council, Washington State Transportation Center, and the Lexington-Fayette Urban County Government
- Traffic Engineering Division

12a. DISTRIBUTION/AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE

This document is available to the public through the National
Technical Information Service, Springfield, VA 22161

13. ABSTRACT (Maximum 200 words)

This report summarizes the process and lessons learned from the Standardized Travel Time Surveys and Field Test project.
The field tests of travel time data collection were conducted in Boston, Seattle, and Lexington in 1993. The
methodologies tested include: Llicense plate matching using video cameras, license plate matching using portable
computers, floating car, probe vehicle (cellular phone reporting), AVl equipped buses, and volume data collected from
loop detectors. The ultimate goal is to develop a nationally uniform program of travel time data collection and
reporting in support of congestion management, and trend and intercity comparison.

This document can be used by state or MPO planners as guidance for collecting travel time data. It includes examples
and procedures on: survey design, methodology selection, eguipment and staff requirements, step by step survey
procedures, post-survey data processing, analysis, and report production. The document has detailed description and
comparison of six data collection methods, focusing on their operational characteristics, strengths, weaknesses, costs,
and effectiveness with respect to particular settings and sample size attainment. In conclusion, it stresses the
importance of establishing standardized survey procedures and consistent data collection and processing practices in
order to achieve overall efficiency and effectiveness in travel time data collection and applications.

14. SUBJECT TERMS ) o . 15. NUMBER OF PAGES
Travel time, speed, traffic monitoring, performance measure, travel time surveys, data 116
collection, data processing, license plate matching, video imaging, machine-recognition,
probe vehicle, automatic vehicle identification (AVI), loop detector 16. PRICE CODE
17. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATION 19. SECURITY CLASSIFICATION 20. LIMITATION OF ABSTRACT
OF REPORT OF THIS PAGE OF ABSTRACT
Unclassified Unclassified Unclassified
NSN 7540-071-280-5500 Standard Form 298 (Rev. 2-89%8

Prescribed by ANSI Std. 239-
298-102



METRIC/ENGLISH CONVERSION FACTORS

ENGLISH TO METRIC

METRIC TO ENGLISH

LENGTH (aperoxmate)
1inch {in) = 2.5 centimeters (cm)
1foot () = 30 centimeters (cm)
1 yard (vd) = 0.9 meter {m)
1 mite (mi) = 1.6 kilometars (km)

LENGTH apreroxMATE)
i milfimeter (mm} = 0.04 inch {in)
1 centimeter {em) = 0.4 inch (in)
1 mater (m} = 3.3 feet (ft}
1 mater {m) = 1.1 yards (yd)
1 kitometer (k) = 0.8 mile {mi)

ABEA (ArPRONMATE)

1 square inch (sq in, in2) = 6.5 square centimeters {cm?2)
1 square foot (sq ft, #2) = 0.08 square mater (m2)
1 square yard (sq yd, yd&?) = 0.8 squars meter {m?)
1 sguare mils (sq mi, mi?) = 2.6 square kilometers (km2)

AREA (APPRONXIMATE)

1 square centimater {cm?) = 0.16 square inch (sq in, in?)
1 square meter (m?) = 1.2 square yards (sq yd, yd2)

1 square kilometer (km?) = 0.4 square mils (sq mi, mid)

10,000 square metars (m?) = 1 heclare (ha) = 2.5 acres

1 acre » 0.4 heclare (ha) = 4,000 square meters (m2)

BASSE - WEIGHT (rrrrOXMATE)
{ gram {gm} = 0.036 ouncs (0z)
i kitogram (kg} = 2.2 pounds {Ib)
1 tonne (&) = 1,000 kilograms (kg) = 1.1 short tons

MASS - WEIGHT areaoxmaTe)
{ ousice (02} = 28 grams (gm)
1 pound (Ib) = .45 kilogram (kg)
1 short ton = 2,000 pounds (ib) = 0.9 tonns (1)

VOLUME aperoximaTe;
¢ moilfilter (mil} = 0.03 fluid ounce (ft oz}
i fiter (ff = 2.1 pints {pt)
t fiter (f = 1.06 quarts (qb)
1 liter () = 0.26 gallon (gal)
1 cubic meter (md) = 36 cubic feet (cu fi, #9)
1 cuble meter (m3) = 1.3 cublc yards {cu vd, yd3)

VOLUME (APPROXIMATE]

1 teaspoon (tsp} = 5 miliiliters (ml)
1 tablespoon (tbsp) = 15 milliters (m)
1 fluid ounce (fl oz) = 30 milliliters {ml)
Teup {c) = 0.24 liter (1)
1 pind {pt) = 0.47 liter {5}
1 quart (q) = 0.96 liter (i)
1 gallon (gal) = 3.8 liters (1)
1 cubic foot {cu ft, 13 = 0.03 cubic meter {m3)
1 cublc yard {ou yd, yd3) = 0.76 cubic meter {m3)

TEMPERATURE Exacn
[Hers)ly « 32)°C = x°F

TEMPERATURE @®xucn
{{x - I2)SBYF = y°C

QUICK INCH-CENTIMETER LENGTH CONVERSION

INCHES 0 1 2 3 4 5
1 i i ] i §
. ¥ T [ T T T 1 T ¥ § T 7 T L
CENTIMETERS 0 1 2 3 4 5 & 7 8 ] 10 i1 i2 13
QUICK FAHRENHEIT-CELSIUS TEMPERATURE CONVERSION
°F -40° -22° -4° 14 32° 50° 68° 86° 104° 122° 140° 158° 176° 194° 212°
1] i 1 3 f i H i 1 i 1 I g g I
¥ 7 ¥ ] ¥ ] ¥ ¥ ] ¥ 1 ¥ ¥ t I
°C -40° -30° -20° -10° oe 10° 20° 30° 40° s50° 60° 70° 80° 90° 100°

For more exact and or other conversion factors, see NIST Miscellaneous Publication 286, Units of Weights and
Measures. Price $2.50. SD Catalog No. C13 10286, .

Updated 8/29/85




Table of Contents

List of Figures .. ... .. . v
List of Tables ... ... ... . v
Executive SUMMATY . . ... ... ... e ES-1
1 Imfroduetion ..... .. ... . . ... . 1-1
1990 Urban Congestion Monitoring Work Shop .. ......... ... .. ... ... ...... 1-2

1991 FHWA Surveys of Travel Time Studies . . ... ....... ... ... ... .. ...... 1-2

1993 Field Tests . . . .. e e 1-2
Selection of MPOs . ... .. e e 1-3
Selection of Methodologies ... ... ... ... . .. . 1-4

2  Methodology Description .......... ... .. ... . ... .. ... L. 2-1
License Plate Matching - Video . . ... ... . . i e e i 2-2
License Plate Matching - Portable Computer . .............c..ouuunienn..... 2-4
Floating Car . . . ...t e e 2-6

Probe Vehicle (Celular Phone Reporting) . ... ... .. .. ... 2-8
Automatic Vehicle Identification (AVI) . .. ... ... . . ... 2-10

Loop Detector . .. ... e 2-12

3  Field Test Design and Survey Procedures ........................ 3-1
Standard Survey Procedures Used . .. ... ... . ... ... . . i 3-1

Step I - Survey Design .. ... ... e 3-2

Route Selection ... ... ... i 3-2

Road Segment Definition/Observer Locations . . . ..................... 3-6

Sampling Plan . .. .. e e e e e 3-7

Sample Design . .. ... i e e e 3-7

Define Target Vehicles . .. ......... .. ... ... ....... 3-7

Number of License Plate Characters . .. ................. 3-8

Define Lanesto Be Covered . ........................ 3-8

Days/Times of Survey .......... ... ... ... oio... 3-8

Data Elements to be Collected . . .. .................... 3-8

Step 2 - Survey Plan and Schedule .. ... ... .. ... . . L L 3-9

Preliminary Survey Planning . .. ....... .. ... . ... .. .. . 3-9

Preliminary Survey Plan/Kick-off Meetings . ............. 3-9

Schedule . . . ... .. . . 3-10

Equipment . . ... .. e e 3-10

Personnel . .. ... ... e e 3-12

Data Collection Forms . . .. ... . .t e e 3-14

Coordination . ... ..... . ...t e e 3-14

Site Checks/Preparation . . .. ... . ... ... . . e 3-14
Date/Route/Site/Personnel Assignment . .......................... 3-15

i



Table of Contents

Equipment Assignment . ............... ... .. . i, 315

Survey Management (Rover’s Responsibilities) . .................... 3-16

Security and Safety Awareness . . ... ... ... ... .. 3-16
Procedure Documentation . ... ................. e 3-17

Step 3 - Training/Pilot Test ... ... ... .. . .. . . . . .. 3-18
Step 4 - Field Survey Data Collection Procedures .. ... ... .. S 3-20
Synchronizing Time ... .... ... .. ... ... ... . ..... e 3-20
Equipment/Site Set-Up Procedures . .. ........................... 3-20

SUVEY 11 SESSION . . v vt it e e e 3-21

End of Survey Day . ... ... 3-24

Step 5 - Roadway Attribute Data Collection .. . ... ... ... ... ... .... 3-27
Raw Data Assembly . ... ... . . . 3-27

4 Data Processing, Analysis, and Reports .......................... 4-1
Database Structure . . . ... . e e 4-1
Raw Data Assembly and Conversion . ... .. .. .. . i 4-2
License Plate Video Tape Processing . . .. .. ... ... .. 4-2
Computer License Plate Processing ... .. ... ... .. 4-3
License Plate Matching ... ... .. e 4-3
AllLanes . . ... e e e 4-4
Full Range Matching . ... ............ e e 4-4
Interim File of Matched Plates . ... .. ... .. . . . . . . 4-4
30-Minute Time Slce .. .. o . e 4-6
False Match Screening . . .................. e e 4-7
License Plate Matching Reports . ... ... .. ... .. ... . . o 4-7
Site Status Report . . ... ot 4-7
Elapsed Time Distribution . ... ... .. ... ... ... ..... e 4-8
Segment Status Report . ... ......... ... e 4-10
Route Summary Report . . .. . . e 4-11
Floating Car Report . . . ... .. . e e Cee 412
5 Conclusions .. ... ... . .. 5-1
Referemces . .. .. R-1

Appendix A - Cost Summary
Analysisof Cost Data . . ... ... e A-1
Generic Cost Table . . .. ... . .. e A-1

Appendix B - Samples of Data Collection Forms, Schedules,
and Correspondence ........................ e B-1

iv



Table of Contents

List of Figures

Figure 3-1
Figure 3-2
Figure 3-3
Figure 4-1
Figure 4-2

List of Tables

Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table
Table

1-1
1-2
3-1
4-1
4-2
4-3
4-4
4-5
4-6
4-7
4-8
4-9

Table 4-10

Table
Table
Table
Table

Table

5-1

A-1
A-2
A-3

A-4

BostonRoutes . ... .. ... e 3-3
Seattle ROULES . . . .. .ottt 3-4
Lexington Routes . ... ... . i 3-5
Plot of Elapsed Time Distribution . ................ ... ... ... ... 4-8
Plot of Average Speed Distribution . ......... ... ... . ....... ... 4-9
Overview of Travel Time Survey Methodologies ... ................. 1-5
Selected Methodologies . . . . ... .. i 1-7
Survey Schedule (1993) ... ... . 3-10
Output of License Plate Video Processing . ........................ 4-3
Laptop License Plate Matches . .............. .. ... ... .. ... ... 4-5
Video License Plate Matches ... ........ ... ... .. 4-6
Elapsed Time Distribution Report . ... ....... ... ..., 4-10
Segment Status Report .. .......... ... . . i 4-11
Route Status Report . . ... ... .. i 4-12
Floating Car Segment Status Report #1 . . ....... ... ... ..., 4-13
Floating Car Segment Status Report #2 . . . .......... .. ... . ... 4-13
Floating Car Segment Status Report #3 . .. ........................ 4-14
Floating Car Survey Summary Report . ............. ... .. ... .. 4-15
Comparision of Travel time Data Collection Methods . . . .............. 5-3
Direct Cost (per route) - Video License Plate . ..................... A-3
Direct Cost (per route) - Portable Computer

License Plate . ...... ... ... .. ... A-4
Direct Cost (per route) - Floating Car and

Probe Vehicle .......... ... .. . . i A-5
Generic Cost Table .. ... ... . . . A-6




Table of Contents

vi




Travel Time Data Collection Field Tests

Lessons Learned

Executive Summary

Travel time is considered the single most effective measure for transportation system performance and
congestion. However, travel time data have not been collected consistently or sufficiently in most
urban areas. A survey conducted by the Federal Highway Administration (FHWA) in 1991 indicates
that: 1) little effort is being expended nationally to collect travel time data; 2) whatever data exist are
collected sporadically; and 3) data are not collected in a manner which would allow meaningful .
intercity comparisons or trend analyses.

Highway engineers have traditionally used floating car, aerial photography, or radar methods to
capture average car flows, traffic density, and travel speeds. Travel surveys are performed to obtain
samples of trip time and mode selection, and the data are collected via trip diaries or traveler
interviews. More recently, spot speeds along with other traffic parameters such as volume and lane
occupancy can be obtained via loop detector or video surveillance systems. License plate matching is
also used to track vehicle license plates at various observation locations and thus capture the elapsed
times across roadway segments. '

Travel time can also be estimated by travel models using volume, density, and roadway capacity as
key predictors. Speed formulas are specified as a function of facility type, roadway geometry, link
attributes, and most importantly, volume and capacity ratio. Calibrating a speed and volume
relationship requires not only a thoroughly defined model specification but also a panel of data
including travel time and speed measurements, as well as the associated traffic and roadway attributes.

Whether travel time is derived from field observations or model-based projections, a multi-step process
of sample design, data collection, data processing, and analysis is required. Because of its dynamic
and dispersive nature, especially during congestion, a few samples of floating car measurements or
isolated spot speeds simply cannot address the complexity of traffic congestion over a transportation
network. The need to collect better and more systematic data is evident.

In order to evaluate the cost and effectiveness of a range of alternative methods for travel time data
collection, the Federal Highway Administration initiated a travel time survey and field test project in
1993. This project identified and tested six data collection methods: license plate matching with
video, license plate matching with computer, floating car, probe vehicle, automated vehicle
identification (AVI) bus, and loop detector. Tests were performed in Boston, Seattle, and Lexington,
Kentucky in the summer and fall during 1993,
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Executive Summary

A total of 15 freeway corridors and principal arterial streets (5 in each city including the route from
downtown central business district [CBD] to airport), ranging from 3 to 15 miles each, were surveyed
in the field tests. Each route was divided into 3 segments and each segment was defined by two
adjacent observation locations. Two or more data collection methods were usually performed
simultaneously on the same route for comparative analyses. Multiple lanes (up to 4 lanes) were
covered, with each lane assigned to a surveyor with a portable computer, or video camera set up on an
overpass bridge, or roadside, overlooking the traffic. A floating car with a driver and recorder would
report the times when passing through the observation sites and any additional points along the route.
Loop detector locations were identified on the survey routes and volume and occupancy data were
collected. Each survey day was divided into two survey sessions, 2 to 6 hours in each of the peak
traffic direction. Each route was surveyed for at least one day and for selected routes up to three
days. As a result of the field tests, 1,500 lane hours of license plate videotapes and tens of thousands
of computer records of license plate numbers, volume counts, occupancy, or floating car records were
collected.

Data processing, analysis, and report generation require a thoroughly designed process in each step.
Computer software programs and procedures were developed for processing multiple data sources and
data types. Data screening criteria were developed and inserted in data processing steps to eliminate
outliers and false matches. A multi-layer data structure was created to store and report the information
by location, date, time period, direction, and methodology. Standard reports were developed to
present summary information of average and distributed travel times and speeds over specific route
segments and time periods. Sample rates and summary statistics were calculated for methodology
comparisons and data analyses.

Methodology evaluation focused on: sample rate, accuracy, operational strengths and limitations,
sample efficiency, and cost. The strengths and weaknesses and a generic cost analysis of each test
methodology are presented in this report. When permitted by sample size, a series of reports and
graphics can be produced to demonstrate the type and range of travel time and speed information and
variations. These data can be used as the basis for further development of transportation system
performance measurements.

In summary, there is no conclusion of a single best methodology for all occasions. Selecting
methodologies for travel time data collection relies largely on metropolitan planning organizations
(MPOs) to identify data needs and the priority of data collection. The key factors come down to
sample size requirements and sampling efficiency of the techniques. A floating car survey is easy to
perform but requires a sound sample plan. It is most suitable for a network with moderate traffic
conditions. License plate matching (either video or portable computer) shows promising results in
gaining large sample size, but also leaves ample room for more improved data gathering and
processing techniques. One advantage of the video method is the ability to retain traffic scenes on
video tapes for other data analyses (traffic count, density, vehicle mix, and traffic density). The AVI
bus has a high level of accuracy and recognition rate but depends on infrastructure location and a fleet
of vehicles to provide a meaningful sample base. The Probe vehicle method provides a larger sample
set and route coverage than a traditional floating car method but requires a better designed

ES-2



Executive Summary

communication and data receiving process to raise the accuracy of data collection.
Other conclusions resulting from the field tests and data collection process include:

o A multi-step process for travel time data collection is required that includes: survey and
sample design, methodology selection, survey planning, field data collection, data processing,
analysis, and report production.

. The scope (number of route segments, lane miles, survey days, and lane-hours) and schedule
should be defined and coordinated by local transportation agencies and MPOs.

° Sample size requirements and sampling efficiency are the key factors in selecting appropriate
methodologies for travel time data collection. There is a need in research to develop guidance
on minimum sample size requirements for travel time data collection.

. Consistency and regularity of travel time data collection is essential for traffic and congestion
monitoring, travel models improvement, and many other applications in transportation planning
and management.

s Standardized survey procedures (e.g., forms, synchronized clocks, labeling and cataloguing,
survey logs, and data formats) are crucial to the quality of data collection and the efficiency of
data processing.

e Standard data formats and data processing procedures will minimize data errors and the data
processing time.

o A standardized program for travel time data collection and reporting will be useful for national
travel time trend analyses and intercity comparisons.
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introduction

Consistent and continuous travel time data collection can provide valuable information for monitoring
transportation system performance and congestion. By definition, travel time is the amount of time of
vehicles traversing a segment or the route. Average speed is computed by taking the length of the
highway or street segment under consideration and dividing it by the average travel time of that
segment.! To measure travel time systematically, the total travel time or delay in congestion can be
compared with the normal travel time to determine the level and effects of congestion. A standardized
travel time data collection program can be used for traffic and congestion monitoring, trend analyses
across roadways or intercity comparisons. Accurate travel time and speed measurement are also
essential in travel demand forecasting, traffic simulations, fuel and emission estimation, and air quality
models.

Although travel time is considered the most effective measure for congestion, travel time data have not
been collected consistently and sufficiently in practice. Traditionally, transportation planners and
highway engineers use floating car methods and traveller interviews to collect origin-destination (O-D)
or link travel time on urban roadways. More recently, loop detectors and video surveillance systems
are used to detect spot speeds along with other traffic parameters such as volume counts, density, and
vehicle classification. While these techniques may be most commonly used in collecting travel time
and speed data, they are also hindered by lack of sample size and poor representation in capturing the
scope and range of various traffic conditions.

License plate matching is another way of collecting link or a route travel time data. The concept of
this method is to capture vehicle license plates of traffic streams between a pair of upstream and
downstream locations over any route segment. The elapsed time is calculated whenever there is 2
matched plate captured at both locations, With the advent of portable computers, video imaging and
sensing technologies, automatic vehicle identification (AVI) device, the data collection and processing
for license plate matching (or an equivalent Vehicle ID) become more possible. It offers a promising
approach in gathering larger and perhaps more efficient sample size of travel time data for
transportation planning and traffic management applications.

In order to test the cost and effectiveness of a range of existing and emerging data collection
techniques and methodologies, a field test of travel time data collection project was conducted in
Boston, Seattle, and Lexington, Kentucky in 1993. This document summarizes the field test process
and lessons learned from the study. Chapter 1 describes the background of the study, including
selection of the participating MPOs for the field test, and methodology selection. Chapter 2 provides a
description of the six methodologies tested. It summarizes, by methodology, the key results and
findings of the field tests and describes the concept and design of the methodology, field operations,
equipment and costs, data processing, sample rate, and its strengths and limitations. Chapter 3 details
the field test design and process. It describes the five steps in conducting a travel time survey: survey
design, survey plan and schedule, training/pilot test, field survey/data collection procedures, and data
collection of roadway attributes. Chapter 4 describes the standardized data processing, analysis, and




Chapter 1

reporting of travel time data based on a unified database structure. Chapter 5 presents the conclusions.

1990 Urban Congestion Monitoring Work Shop

In May 1990 the FHWA sponsored a "National Urban Congestion Monitoring Workshop."> The
workshop participants made the following priority recommendations:

o An HPMS-based congestion monitoring activity should be provided for reporting for urbanized
areas with a population of 200,000 or more. Monitoring of urban congestion must provide detail
for all major urbanized areas nationwide.

* National travel time data are required to permit trend analysis of travel times by urban area
groups. A number of possible methods are available for consideration and could be identified
and synthesized in a TRB synthesis-type project. A number of metropolitan areas/cities do not
conduct frequent travel time surveys. A more uniform and rigorous random sampling method
could be developed to obtain comparison purposes. An option would include examining specific
generic corridors for their travel time trend patterns, e.g., city hall to the airport or one around a
beltway. An ideal system would monitor average travel times by the major flow patterns, suburb
to city center, city center to city center, etc. The design, synthesis, and development of
collection techniques are viewed as priority items.

1991 FHWA Surveys of Travel Time Studies

In response to this recommendation, in 1991 the Office of Highway Information Management issued a
call for copies of urban travel time studies in the United States. The reports received showed a variety
of methods available to perform and present travel times, although only a few are used regularly.
These studies were usually done at irregular intervals for MPOs. The responses showed that (1) little
effort is being expended nationally to capture travel time data, (2) that the data are collected
sporadically, and (3) that they are not collected in a manner which would allow meaningful intercity
comparisons nationally.

1993 Field Tests

A Standardized Travel Time Survey and Field Tests Project® was initiated by the Office of Highway
Information Management of FHWA in 1992. Field data collection and tests of survey methodologies
were conducted in the summer and fall of 1993 in Boston, Massachusetts, Seattle, Washington, and
Lexington, Kentucky. The Volpe National Transportation Systems Center (Volpe Center) administered
the project for the FHWA and coordinated research activities during the field tests with the three
selected MPOs and corresponding agencies. The principal agencies participating in the field tests
were:
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» Boston Central Transportation Planning Staff (CTPS)

» Boston SmartRoute Systems

« Puget Sound Regional Council (PSRC)

o Washington State Transportation Center (TRAC)

» Lexington-Fayette Urban County Government (LFUCG), Traffic Engineering Division

Professor Paul Shuldiner of the University of Massachusetts Amherst and Mr. Sal D’Agostino of
Computer Recognition Systems (CRS) teamed up to assist in the methodology design and training of
license plate matching method using video. The CRS License Plate Reading System (LPRS) was
selected in a contract for the testing of automnatic processing of videotaped vehicle license plates using
the machine-vision system.

Selection of MPOs

The FHWA extended an invitation, through their regional offices, to any MPOs who desired to
participate to submit a letter of interest. 32 MPOs expressed high interest in participating in the field
tests and improving travel time data collection for their needs in congestion management requirements
and regional transportation planning activities. Interested MPOs were also asked to provide the
following information about their experience in collecting travel time data:

o Did they have a plan or a regular program to collect travel time data?

« What has been the geographic coverage of previous or planned travel time surveys (central
Business district, entire urban area, specific corridors, etc.)?

= What data collection methods were used for travel time surveys (floating car, license plate
matching, and interviews, etc.)?

o What computer hardware and software were used to collect, store, or process the travel time
data?

« What mapping capabilities were used to identify route information? Did the MPO have a
geographic information system (GIS) to support the display/analysis of travel time data?

» Was there an intelligent transportation system (ITS) project or operational testing being
conducted in the MPO’s area that may provide advanced technologies in collecting travel time
data (e.g., highway surveillance, probe vehicles, automatic vehicle location (AVL), real-time
travel information)?

» Was the MPO a participant in such an ITS project? If not, was the MPO willing to coordinate
with the participating agencies to conduct a travel time survey?

Of the 32 cities and agencies who responded to the FHWA request for participants, only three were
selected. The following criteria were used to select the final three participants:

» Two large metropolitan areas with recurring congestion problems;
¢ One small urbanized area with population over 200,000;
¢ Advanced traffic management systems, ITS, or travel demand management (TDM) programs in




Chapter 1

use in the area that could provide valuable input to travel time data collection;

¢ Highly interested and committed to participate in the project;

» Highly qualified technical staff and flexibility to coordinate with other agencies to support this
project;

° Regular contract arrangements with or experience in hiring local university students to participate
in field surveys; and ‘

= Airport within or adjacent to the metropolitan area.

Boston Central Transportation Planning Staff (CTPS), Puget Sound Regional Council (PSRC), and
Kentucky’s Lexington-Fayette Urban County Government (LFUCG) were the final three selectees for
the travel time study, with San Francisco’s MTC and Knoxville’s MPC as alternative candidates.

The three MPOs selected met all the of the criteria and were representative of the nation in terms of
geographic location, size, and urbanization characteristics. All three had recurring traffic congestion
problems and were strongly motivated to participate in the travel time study. Both Boston and Puget
Sound had very strong technical staff and on-going ITS and traffic monitoring programs that could
provide useful input to this project. Lexington, with its 250,000 population, was representative of a
medium-size urban area. Its extensive loop detector network and surveillance system enabled the
whole range of alternative data collection methods (license plate matching with video and portable
computer, floating car, and loop detector volumes) in the field tests.

Selection of Methodologies

A review of literature and current data collection practices was conducted as part of the project to
identify existing and new methodologies for travel time and speed data collection. Table 1-1 describes
the characteristics of nine methodologies. The first six methodologies were tested in the project.

Six methodologies were included in the field surveys. Each MPO was asked to field test one or more
of the following methodologies:

License Plate Matching with video

License Plate Matching with portable computer
Floating Car

Probe Vehicle

AVI (automatic vehicle identification) bus
Loop Detector

O s W
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Methodology

Data
Typ 1

Table 1-1. Overview of Travel Time Survey Methodologies

Characteristics

{loop detectors,
etc.)

License Plate Link Sample: Training:
Matching » Capture up 10 60% of vehicles passing » High operator skill required
- Video lane, 1800 plates/hour w/plate reader Technology Readiness:
» Capture 90% of plates, w/ manual read »  Currently being tested
from video; 10 hours per 1 hour of tape Other Traffic Data:
v Full plate »  Traffic volume
Limitations: »  Vehicle mix
»  Capture through traffic only » Headways/Density
»  Difficult to trace origin, destination, and
direction
» Equipment intensive for data collection
License Plate Link Sample: Training:
Matching » Degradation of observer performance » Moderate operator skill level
- Portable over time required
Computer v Typically partial plate Technology Readiness:
Limitations: » Currenily available
» Same as above
»  High speed limitation
» Labor intensive for data collection
Floating Car Link Sample: Training:
Q-D »  Typically 6-12 data samples collected »  Minimal training reguired
per segment; Technology Readiness:
> No limitations on segment selection » Currently available
Limitations: Other Traffic Data:
»  Sample size limitation »  Delay
» Labor intensive for data collection » Speed cycles
Probe Vehicle Link Limitations: Technology Readiness:
0-D » Data collection procedure needs to be +»  Currently available
better developed Other Traffic Data:
»  Labor intensive for data collection and »  Delay
processing » Speed cycles
» Quality of data may not be consistent
Training:
»  Minimal training
AVI Link Limnitations: Technology Readiness:
Spot » Lane discrimination available in some » Currently available
optiocns
» Infrastructure dependent
Traffic Detectors Spot Limitations: Technology Readiness:

» Infrastructure dependent
»  Accuracy level is not consistent

»  Currently available
Other Traffic Data:

»  Traffic volume

> Lane occupancy




Table 1-1.

Overview of Travel Time Survey Methodologies, Continued

The methodologies selected in the surveys included both conventional and new technologies that are
now being used in practice. The surveys emphasized route/segment travel times that would in turn
produce average route/segment speeds. Among the six methods, license plate matching using video
cameras and an automatic license plate reading system were chosen to be tested in all three cities on
all fifteen selected routes. As continuous data and traffic scenes could be captured using video, this
method was selected as the baseline methodology for the field tests. Data collected on videotapes
presented a valuable data source for future research. The database established from the license plate

Methodology Data Characteristics
Type
AVL Link Limitations: Technology Readiness:
{GPS, etc.) O-D »  GPS accuracy may not be sufficient v Currently being tested
> Infrastructure dependent
v Customized software program for travel
time data collection needs to be
developed
Surveillance Spot Limitations: Technology Readiness:
{fixed location) »  Limited to spot speed »  Currently available
» Equipment or infrastructure dependent Other Traffic Data:
> Traffic Volume
Travelier O-D Limitations: Technoclogy Readiness:
interview » Response rates »  Currently available
= Data accuracy

matching was used to compare the data collected by each of the other methods tested.

Matching MPOs to methodologies for testing depended on the capabilities and resources of the MPOs,
their current methods of obtaining travel time data, their current plans/needs for travel time survey
data, and any existing ITS activity in their area. A summary of the selected methodologies by city is

shown in Table 1-2 below.




introduction

Table 1-3. Selected Methodologies

Methodology Boston | Seattle | Lexington
License Video ¥ V J
Plate
Matching Portable + !

Computer Laptop

Floating Car

Probe Vehicle

AVI

Loop Detector

Surveys were performed on five selected highway corridors or principal arterials, including downtown
business district (CBD) to the major airport, in each of the three cities. Two or more methodologies
were usually performed simulitaneously, covering the same route, distance, and time periods.
Comparative analyses were thus performed across the methodologies, cities, and roadway types.
Statistical analyses of travel times and speeds were conducted and focused on sample issues and

variance over different speeds and time periods.
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Methodology Description

The six tested data collection methods for travel time, speed, and volume data are described in this
chapter:

Probe Vehicle
(Cellular Phone Reporting)

License Plate Matching -
Video

License Plate Matching -
Portable Computer

AV]

Floating Car

Loop Detector

Data are collected manually by observers in test vehicles or via video cameras, portable computers, or
loop detectors at predesignated survey locations and existing roadway segments. The route and
segment travel time and speed observations are emphasized in all tested methodologies although
origin-destination (O-D) travel time, spot speed, and volume data can also be collected with these
techniques.

The methodology description includes:

e Methodology concept and design

¢ Field operations

» Data processing

* Equipment requirements

» Costs

* Sample rate

¢ Key operational features

» Methodology strengths and limitations

2-1




License Piate Matching - Video

Methodology

License plate maiching with video cameras involves
the recording of vehicle license plates at an upstream
cross section of a roadway and matching them with
license plates recorded at downstream locations.
Carneras, situated on bridges spanning the roadway or
at roadside locations, record the plates of vehicles in
the traffic stream moving past the location in a single
traffic lane and in a single direction of fravel
Elapsed times are calculated and recorded for each
matched plate. The number of segments, lanes, and
hours which can be covered by this methodology are
determined by equipment, personnel, or other cost
factors.

Field Operations

This technique involves a 1-2 person team for each
observation point — start, midpoints, and end of the
study route (at least 2 points are required). Each
observation point may cover all or some of the lanes
of traffic; one camera set-up is required per lane.
Low-volume routes or single-lane coverage may
require only one person. Survey hours can be
selected to obtain samples to capture time of day (AM
peak, PM peak, and off peak) and day-to-day
variations.

Data Processing

The processing of the video data (tapes made of the
traffic stream) is a multi-step effort:

Tape Processing. The tapes made of the traffic
stream are processed through a machine vision system
that automatically reads the license plates captured on
video tape. Tape data can also be extracted manually.
The tape processing of the video test data was
performed by Computer Recognition System’s
License Plate Reading System (LPRS). The system’s

output consists of a list of plate numbers associated
with location and time stamps. Plate data from tapes
can also be exiracted manually.

Plate Matching. The license plates collected from
multiple lanes at one location are matched with the
plates at the following downstream focation. This
process is performed for each consecutive route
segment. The lapsed time is recorded, and speeds are
calculated based on the known distance for the
segment. A series of data screening programs are
utilized to perform license plate matching and to
produce a database of travel time records.

Data Analysis. Data is filtered to remove outliers and
false matches. The remaining valid records are used
to produce route summary and detailed route segment
reports including sample rate, maximum, minimum,
and mean travel time and speed, and standard
deviation for each time period. Group records are
assigned and sorted by date, route, direction, route
segment, and time period (15- or 30-minute time
slice).

Equipment Requirements and Costs
A complete equipment set is required for each station.

The major items required to cover a three-lane
segmeni for 4 hours include:

Unit Cost
Video Camera (6) $ 2,300
Tripod (6) $ 200
Monitor (2} $ 200
Marine Battery (6) $ 70
Video Tapes (24) $12

Total Data Acquisition Costs

The total costs are estimated on the basis of 10 days
of survey on a generic route. The costs include fi