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PREFACE

Under Contract Number 10-9210-50520, Task Order No. 27, the Georgia Department
of Transportation (GaDOT), Office of Materials and Research has tasked the Georgia Tech
Research institute (GTRI) to conduct a Federal Highway Administration (FHWA) funded
study of the accuracy of automatic vehicle classification equipment. The program was
monitored by Mr, Rick Deaver of the GaDOT Office of Materials and Research and Mr.
Perry Kent of the FHWA Office of Highway Information Management. Mr. Darrell Ejwell
and Mr. Scott Knight of the GaDOT Planning Data Services Bureau provided an
experienced GaDOT road crew under the supervision of Mr. Bob Creasman to perform the

equipment installations described in this report.
This report is authored by the Georgia Tech Research Instimte (GTRI) of the

Georgia Instimte of Technology. The effort was directed by Dr. Bruce Harvey under the
general supervision of Mr. Eric Barphart, Chief of Communications and Networking

Division.
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EXECUTIVE SUMMARY

In this project, a number of vehicie classifiers were tested to determine their accuracy

in classifying vehicles into the 13 FHWA vehicle classes, in measuring axle spacings, and in
measuring overall vehicle length. The scope of the project was limited to commercially
available equipment that was available in September 1992. The objectives of the project

were to:
L Determine the adequacy of vehicle counting devices.

® Determine the adequacy of various types of equipment to correctly sort
vehicles into the 13 FHWA vehicle classes (as identified in the FHWA Traffic
Monitoring Guide).

e Determine the adequacy of automatic measurement of overall vehicle length.

L Determine how the vehicle and axle sensor technology affects the accuracy of
the vehicle classification.

L Determine the effects of vehicle repetitions, heavy axle loadings, and weather
on pneumatic tube axle sensors and other types of vehicle and axle sensors.

A total of 13 sensor and classifier confipurations from 10 equipment vendors were
instalied from December 1992 to April 1993 on the west bound side of I-20 near Covington,
Georgia (30 mi. east of Atlanta). They were all installed in a single lane for side-by-side

comparison.

All of the classifiers tested (excluding the one used for the pneumatic tube tests) used
a combination of magnetic loop detectors and piezoelectric axle sensors. Although a wider
variety of sensor technologies were desired for the project, none of the vendors using other
sensors responded to the FHWA request for participation with commercially available
equipment. A majority of the participating vendors used a P-L-P (piezo-loop-piezo) sensor
configuration in the roadway, while the remaining vendors used either a P-P or L-P-L sensor
configuration.

Three tests were conducted in order to fully characterize the performance of the
classification equipment. Two 48-hour tests were conducted on May 5-7, 1993 and
September 9-11,1993. These tests provided comparison of the vehicle-by-vehicle data from
the classifiers with ground truth data obtained from a video tape of the traffic stream in the
test lane. The classifiers were assessed to determine their classification accuracy, and their
ability to accurately measure axle spacings and overall length. The performance of the
classifiers was assessed parametrically versus the percentage of vehicle with more than 2
axles, the air temperature, and the pavement temperature.




The third test conducted was a 7-day test performed on September 9-16, 1993 in
conjunction with the second 48-hour test. During this test, the classifiers were programmed
to bin the data in 15 mimute increments. The purpose of the test was to assess the long
term performance characteristics of the equipment. The data was compared to determine
how accurately the classifiers counted the number of axles, and the number of vehicles in
each vehicle class. The 7-day test was also used to assess the performance of the equipment
as a function of time in service by comparing the accuracy in the first day of testing with the
accuracy in the last day of testing.

An augmented pneumatic tube test was conducted in parallel with the second 48-hour
test. This test used a Peek TrafiCOMP III (Peck 241) and four road tubes to monitor the
traffic in two lanes. The objective of this test was to assess the ability of road tubes to
monitor traffic in multiple lanes. A setup error resulted in the classifier recording all traffic
in both lanes into one file. Therefore, the problem of separating the traffic into the two
lanes and removing duplications was made much more difficult. Therefore, analysis of this
test was postponed until a re-test can be conducted.

Ground truth data for the 48-hour and 7-day tests was obtained from a side-mounted
video camera viewing the traffic stream. The vehicle classes and measurements were
obtained from the video tape through the use of a computer-aided data reduction system
developed specifically for this project. The computer data reduction system was named the
Computer Vehicle Classification and Reduction System (CVCRS), and was capable of
assisting an operator in the recording of time stamped vehicle classes along with
measurements of axle spacings and overall vehicle length.

The classification accuracies resulting from this test ranged from 63.5% to 79.1%.
The most common errors occurred between Class 2 (passenger vehicles) and Class 3 (other
2-axle, 4-tire vehicles). A small pickup truck (class 3) is very difficult to distinguish from a
large car (class 2) based on length and axle spacing. If class 2 and 3 are combined, then the
classification accuracies ranged from 78.8% to 96.2%.

Temperature of the air and pavement was found to have little effect on the
performance of the classifiers. However, the range of temperatires was somewhat limited
for this test. The percentage of trucks (vehicles with more than 2 axles) tended to have
some effect on the classifier accuracies. The classification of class 9 vehicles (a majority of
the trucks) was very good on most classifiers, and hence the classification accuracy tended
to improve as the percentage of trucks increased. The longer vehicle lengths and axles
spacings did, however, result in greater measurement errors as the percentage of trucks
increased.

The sensor configuration used by the classifiers did not appear to have a significant
effect on the accuracy. Classification accuracy, axle spacing measurement errors, and overall
length measurement errors appeared to be independent on the sensor configurations. The
primary factor observed in this test to affect the classification accuracy was the performance

vi
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of the axle sensors. The ability of the equipment to accurately classify vehicles was linearly
dependent on the ability of the sensor and classifier to accurately count the number of axies.
Thereforc, performance of the pxezoelecmc axle sensor and the interface electronics in the
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A further opportunity has arisen to collect more data concerning the performance of
these ciassification equipments. Road construction is under way at the 1est site and will
result in the sensors in the roadway being overlaid as part of a widening of the road. This
presents an opportunity to test the performance of the devices after a pavement overlay.
This issue is important to the maintainability of a traffic monitoring site. The results of the
overlay tests will be reported in and addendum to this report.
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1. INTRODUCTION AND SCOPE
1.1  Background

There have been significant changes in the sophistication and technological
approaches to the gathering of vehicle classification and volume count data since the last
major study of vehicle classification accuracy. This has included the use of new types of
sensors, such as piezoelectric, the development of programmable classifiers that allow the
user to specify the dimensional thresholds for various vehicle types, and the introduction of
vehicle classifiers that retain individual vehicle information rather than binning the data.
This study addresses the need for controlled testing of the latest Automatic Vehicle
Classification (AVC) equipment. The equipment is limited to commercially available
devices that provide volume counts and vehicle classifications.

The objectives of the program are to:
. Determine the adequacy of vehicle counting devices.

. Determine the adequacy of various types of equipment to correctly sort
vehicles into the 13 FHWA vehicle classes (as identified in the FHWA Traffic

Monitoring Guide).
. Determine the adequacy of antomatic measurement of overall vehicle length.

- Determine how the vehicle and axle sensor technology affects the accuracy of
the vehicle classification.

. Determine the effects of vehicle repetitions, heavy axle loadings, and weather
on pneumatic tube axle sensors and other types of vehicle and axle sensors.

Multiple testing sessions are planned over an 18 month period with various AVC
accuracy characteristics being analyzed with respect to parameters such as vehicle speed,
traffic volume, pavement temperature and others.




1.2  Participating AVC System Vendors

The FHWA provided the Georgia Department of Transportation (GaDOT) with a
list of vendors that had indicated a willingness to participate in the assessment project.
GaDOT and GTRI contacted each vendor to schedule equipment acquisition and testing.
The vendors were asked to specify equipment and sensor selections, configurations, and
instailation procedures for maximum classification accuracy. Each vendor agreed to provide
the equipment to the project on a no-charge loan basis. Permanently installed sensors were
purchased by GaDOT directly from the AVC vendor assuring that cach vendor was able to
select and provide the best sensor for his equipment.

A list of participating vendors (including addresses and points of contact) is included
as Appendix A, Table 1 lists the equipment configurations suppiied for test by each vendor.
In the "Configuration" column, the "P" is a piezoelectric axle sensor, and the "L" is an
inductive loop vehicle presence sensor.
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Table I.

Vendor Classifiers and Configurations Installed

M

H FENITTDAENT MONET
AVINSER AL,

f A\ AL IVIZ AN L

Lﬁ
CONFIGURATION, AXIE

ALY R AT W AN Fo W3 € 1 3)

SENSOR TYPE ]
L-P-L, Philips Vibracoax
Peek Traffic, Inc. TraiCOMP III | P-L-P, Philips Vibracoax
GK-6000 P-P, Philips Vibracoax
P-P, Philips Vibracoax
PAT Equipment AVC-100 P-L-P, Atochem Roadtrax Series 'P’
Corporation, Inc. AVC-100 L-P-L, Philips Vibracoax
MITRON Systems Corp. | MSC-3000 P-P, Autologger MINI
DCP
Electronic Control HESTIA P-L-P, ECM PB2N33/25 |
Measure .
I TimeMark, Inc. Delta II P-P, Philips Vibracoax
International Road TC/C 530- PR-L-PR, Dynax AS-400 (Resistive)
Dynamics, Inc. 4D/4P/4L P-L-P, Philips Vibracoax
Golden River Traffic Marksman 660 i P-L-P, Traffic 2000
Diamond Traffic TT-2001 P-L-P, Autologger Maxi
Products P-L-P, Philips Vibracoax
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