NATIONAL TRAFFIC ,
| AT

g 1994

PROCEEDINGS
EIl

U.S. Department of Transportation ]
Federal Highway Administration . ‘







NATIONAL TRAFFIC DATA ACQUISITION
'CONFERENCE (NATDAC ‘94)

PROCEEDINGS

/_Volume TI

~ Rocky Hill, Connecticut
September 18-22, 1994

Co—SponSored By: Connecticut Departmént of Transportation
| ‘ and |
Federal Highway Administration



L3

Technical Report Documentation Page

1. Report No. 2. Government Accession No.

Potlia 3. Recipients Catalog No.
FHWA-CT-RD
| 2304-F2.94.1 2304-F2-94-10
4. Title and Subtite 5. Report Date
National Traffic Data Acquisition Conference (NATDAC '94) December 1994
Proceedings, Volume 11, Rocky Hill, Connecticut o Peﬁg“ﬁ‘ff anizabon Code
it - 2304-F2-94-10

Donald A. Larsen and Dionysia F. Ohvelra

8. Performing Orgamzatlon Name and Address
Connecticut Department of Transportation
Division of Research
280 West Street, Rocky Hill, CT 06067

70 Work Unit No. [TRATS)

| 11. Contract or Grent No.

CT-HPR Study No. 2304

12. Sponsoring Agency Name and Address
Connecticut Department of Transportation
Bureau of Engineering and Highway Operations
P.O. Box 317546, Newington, CT 06131-7546

13. Type of Report and Peniod Covered
Final Report
September 18-22, 1994

14. Sponsoring Agency Code
HPR-2304

15. Supplementary Notes

This project was co-sponsored by the Connectlcut Department of Transportation and the

Federal Highway Administration.

16. Abstract

The National Traffic Data Acquisition Conference 1994 (NATDAC '94) was held in Rocky Hill, Connecticut
on September 18-22, 1994. A broad range of topics was covered during the conference, including: ISTEA
Management Systems, Intelligent Vehicle/Highway System Applications, Geographic Information Systems,
Traffic Data Collection Technologies, and Data Quality. Concurrent sessions were held on Traffic Data
Collection, Data Quality, Needs and Uses of Traffic Data, and Advanced Data Collection Technology.
There were 65 speakers, panelists and moderators involved in the program. Conference participants were
brought to three field locations for demonstrations of data collection equipment from 15 vendors. Over 25
vendors also maintained static displays and exhibits at the conference facility for participants to view.

There were 348 registered participants for NATDAC '94 representing over 40 states, the federal govern-
ment, academia and industry. Fifteen of the participants were from Canada and Europe. The conference
was co-sponsored by the Connecticut Department of Transportation and the Federal Highway Administra-

tion.

The papers within this publication are a compilation of those presented at NATDAC '94. In order to make
the publication manageable, it is divided into two volumes. Volume | contains all General Session papers.

Volume |l contains all Concurrent Session Papers.

17. Key Words : 18. Distribution Statement
Automatic Vehicle Classrflcatlon No restrictions.. This document is available 1o the
Automatic Vehicle Identification , public through the National Technical Information
Traffic Gounting Equipmant Service, Springfield, VA 22161

Traffic Data Collection
Weigh-In-Motion

19. Security Classif (of this repor-t) 20. Security Classif. (of this page)
Unclassified Unclassified

21. No. of Pages 22, Price
632

Form DOT F 1700.7 (872 Reproduction of completed page authorized




et g g

sk G

PREFACE

The National Traffic Data Acquisition Conference 1994, (NATDAC
‘94) was held in Rocky Hill, Connecticut on September 18-22, 1994. A
broad range of topics was covered during the conference, including:
ISTEA Management Systems, Intelligent Vehicle/Highway System
Applications, Geographic Information Systems, Traffic Data Collection
Technologies, and Data Quality. Concurrent sessions were held on
Traffic Data Collection, Data Quality, Needs and Uses of Traffic Data,
and Advanced Data Collection Technology. There were 65 speakers,
panelists and moderators involved in the program. Conference
participants were brought to three field locations for demonstrations of
data collection equipment from 15 vendors. Over 25 vendors also
maintained statiec dlsplays and exhibits at the conference facility for
participants to view.

There weref348 registered participants for NATDAC ‘94 representing
over 40 states, the federal government, academia and industry. Fifteen
of 'the participants were from Canada and Europe. The conference was co-
sponsored by the Connecticut Department of Transportation and the
Federal Highway Administration.

The papers within this publication are a compilation of those
presented at NATDAC ‘94. 1In order to make the publication manageable,
it is divided into two volumes. Volume I contains all General Session
papers. Volume II contains all Concurrent Session Papers.

Thanks are hereby offered to all the speakers, participants and
exhibitors who made the conference an outstanding success.

Dr. Charles E. Dougan, P.E.
Manager, Office of Research fa Materials
Connecticut Department of Transportation
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The contents of this report reflect the views of the authors of
the papers, who are responsible for the facts and accuracy of the data
presented. The contents do not necessarily reflect the official v1ews
or policies of the State of Connecticut or of the Federal Highway
Administration. This report does not constltute a standard
specification or regulatlon

Neither the United States. Government nor the State of Connecticut
endorse products or manufacturers. Trade or manufacturer names appear
herein only because they are considered essential to the object of this
document.

iv




TABLE OF CONTENTS - VOLUME II

TITLE PAGE
TECHNICAL REPORT DOCUMENTATION PAGE
PREFACE
DISCLAIMER
TABLE OF CONTENTS
RRENT SESSION, TRAFFIC DATA COLLEC
SUMMATION: CONCURRENT SESSION, TRAFFIC DATA COLLECTION

Mr. Bill M. McCall
Iowa Transportation Center

INTEGRATED TRAFFIC DATA COLLECTION MANAGEMENT: A NEW DIRECTION.

Mr. Thomas F. Black
Arkansas State Highway and Transportation Department

BRINGING PIEZOELECTRIC WEIGH-IN-MOTION ON-LINE AT LTPP SITES
IN CONNECTICUT

Ms. Anne-Marie H. McDonnell
: Connecticut DOT

CALIBRATION AND AUTO-CALIBRATION OF WEIGH-IN-MOTION EQUIPMENT
UNDER THEORETICAL AND ACTUAL FIELD CONDITIONS

Mr. Douglas B. Terhune
Alaska DOT & PF Highway Data Section

A MULTIPLE FACTOR METHOD FOR CALIBRATING PORTABLE WIM DATA

Speaker: Mr. John L. Hamrick
) Idaho DOT

Author: Mr. Scott W. Fugit
Idaho DOT

ACCURACY OF TRAFFIC MONITORING EQUIPMENT

Speaker: Dr. Bruce A. Harvey
' Georgia Institute of Technology

Authors: Dr. Bruce A. Harvey, et al. )
Georgia Institute of Technology

ii
iii

iv

35

47

73

111




TABLE OF CONTENTS - VOLUME II (CONTINUED)

USE OF DATA FROM CONTINUOUS MONITORING SITES

Mr. Herbert Weinblatt
Cambridge Systematic, Inc.

CONCURRENT SESSION, TRAFFIC DATA TY
SUMMATION: CONCURRENT SESSION, TRAFFIC DATA QUALITY

Mr. Frederick P. Orloski
FHWA Region 1, Albany

AUTOMATED EDITING OF TRAFFIC DATA IN FLORIDA

Mr. Richard L. Reel, Jr.
Florida DOT

UTILIZING EXPERT SYSTEMS TO EVALUATE TRAFFIC VOLUME DATA

Speakers: Mr. George L. Hovey
In Motion, Inc.

Mr. Grégory D. Fulton
Colorado DOT

Authors: Mr. George L. Hovey, et al.
In Motion, Inc.

PANEL DISCUSSION - WIM DATA QUALITY ASSURANCE
PANEL DISCUSSION - WIM DATA QUALITY ASSURANCE

Mr. Eugene A. Martin
Virginia DOT

PANEL DISCUSSION - WIM DATA QUALITY ASSURANCE

Speaker: Mr. Mark S. Flinner
Minnesota DOT

Author: Mr. Curtis Dahlin
Minnesota DOT

PANEL DISCUSSION - WIM DATA QUALITY ASSURANCE

Mr. Richard A. Quinley
California DOT

PANEL DISCUSSION - WIM DATA QUALITY ASSURANCE
Mr. Mark E. Hallenbeck

Washington State Transportation Center

vi

123

137

139

143

165

193

195

201

215

251




F =)

TABLE OF CONTENTS - VOLUME II (CONTINUED)

CONCURRENT SESSION, NEEDS AND USES QF TRAFFIC DATA

SUMMATION: CONCURRENT SESSION, NEEDS AND USES OF TRAFFIC DATA

Mr. Clyde E. Lee
University of Texas at Austin

TRAFFIC APPLICATIONS ON THE MINNESOTA ROAD RESEARCH PROJECT
(MN/ROAD) ‘ ‘

Speaker: Mr. Mark S. Flinner
Minnesota DOT

Author: Mr. Curtis Dahlin
Minnesota DOT

FACTORING OF VEHICLE CLASSIFICATION DATA

Mr. Mark E. Hallenbeck
Washington State Transportation Center

THE NORTH CAROLINA CONGESTION MANAGEMENT SYSTEM

Mr. Mike S. Bruff{
North Carolina DOT

CONGESTION MEASUREMENT - DATA COLLECTION METHODOLOGIES

Speaker: Mr. Shawn M. Turner
Texas Transportation Institute

Authors: Mr. Shawn M. Turner, et al.
Texas Transportation Institute

IMPROVED TRAVEL DATA REQUIRED FOR MOBILE SOURCE EMISSION
ESTIMATES, NCHRP 25-7

Mr. Tom F. Wholley
Vanasse, Hangen and Brustlin, Inc.

INTEGRATION OF TRAFFIC OPERATIONS AND TRAFFIC DATA COLLECTION

Mr. William R.‘Youngblood
Georgia Institute of Technology

A PROCEDURE TO CALCULATE VEHICLE OCCUPANCY RATES FRCM TRAFFIC
ACCIDENT DATA

Mr. Richard E. Gaulin
Connecticut DOT

vii

267

269

275

283

291

307

327

335

351



TABLE OF CONTENTS - VOLUME II (CONTINUED)

TRAFFIC MONITORING FOR PAVEMENT TEST SECTIONS ON U.S. 59 IN
TEXAS

Speaker: Mr. Joseph E. Garner
University of Texas at Austin

Authors: Mr. Clyde E. Lee, et al.
University of Texas at Austin

FIELD TESTS OF TRAVEL TIME SURVEY METHODOLOGIES AND DEVELOPMENT
OF A STANDARDIZED DATA PROCESSING AND REPORTING SYSTEM

Mr. Tai K. Liu
John A. Volpe National Transportation Systems Center

ACQUISITION AND ANALYSIS OF LICENSE PLATE DATA USING VIDEO AND
MACHINE VIDEO TECHNOLOGY

Mr. Paul W. Shuldiner
University of Massachusetts

CURRENT SESSION V. ED TRAFFIC DATA LECT HNOLOGY

SUMMATION: CONCURRENT SESSION, ADVANCED TRAFFIC DATA COLLECTION
TECHNOLOGY

Mr. David P. Albright
Alliance for Transportation Research

“WHAT ARE NUERAL NETWORKS?”

Mr. Milton K. Mills
FHWA Turner Fairbank Highway Research Center

Mr. Rodger Knaus
MiTech

A NEURAL NETWORK TRAFFIC MONITOR

Speaker: Mr. C. James Elliott
Los Alamos National Laboratory

Authors: Mr. Keith R. Bisset, et al.
Los Alamos National Laboratory

THE FEASIBILITY OF TRAFFIC DATA COLLECTION USING SATELLITE
IMAGERY

Speaker: Ms. Carolyn J. Merry
Ohio State University

Authors: Ms. Carolyn J. Merry, et al.
Ohio State University

viii

367

383

427

439

441

445

459

475 °




TABLE OF CONTENTS - VOLUME II (CONTINUED)

- Page
A COMPARATIVE STUDY OF NON-INTRUSIVE TRAFFIC MONITORING SENSORS 485
-

Speaker: Mr. Gregory L. Duckworth
Bolt, Beranek and Newman, Inc.

ﬁﬁ; Authors: - Mr. Gregory L. Duckworth, et al.

} : Bolt, Beranek and Newman, Inc.

|

im‘ EVALUATION OF MODERN TRAFFIC DETECTOR TECHNOLOGIES FOR IVHS 515
y APPLICATIONS '

N S Speaker: Mr. Lawrence A. Klein

4 Hughes Aircraft Company

, Authors: Mr. Lawrence A. Klein, et al.
B Hughes Aircraft Company

FIELD TEST OF NON-INTRUSIVE TRAFFIC DETECTION TECHNOLOGIES 535

Speaker: Mr., Michael A. Manore
Minnesota DOT

Authors: Mr. Ping Yi, et al.
Minnesota DOT

PRELIMINARY OBSERVATIONS ON TRANSPORTATION INFRASTRUCTURE AS A 545
TRAFFIC MONITORING SENSOR

Mr. David P. Albright
Alliance for Transportation Research

FIELD TESTS FOR FREEWAY TRAFFIC VIDEO IMAGE PROCESSING SYSTEMS 551

5 INSTALLATIONS - A PRELIMINARY EXAMINATION OF VIPS
! STANDARDIZATION

Speaker: Mr. Leonard A. Ponce
California Polytechnie State University

Authors: Mr. Alypios Chatziioanou, et al.
California Polytechnic State University

THE MIAMI METHOD: TUSING AUTOMATIC VEHICLE LOCATION (AVL) FOR 563
MEASUREMENT OF ROADWAY LEVEL-OF-SERVICE

Ms. Amy E. Polk
Center for Urban Transportation Research,
4 University of South Florida

AUTOMATIC TRUCK WARNING SYSTEM 581

Mr. Les W. Vickers
Maryland DOT

ix




TABLE OF CONTENTS - VOLUME II (CONTINUED)

Page
DIGITAL VIDEO IMAGING FOR TOLL:.VIOLATION ENFORCEMENT - . 587"
Speaker: Mr. Kai .Chen S
New York State Thruway Authority
Authors: Mr. Kai Chen, et al. N
New York State Thruway Authority

A NEW APPROACH IN BRIDGE WEIGH-IN-MOTION =~ - . 595 -

Mr. Nicolas Gagarin
FHWA Turner Fairbank Highway Research Center










A

SUMMATION: CONCURRENT SESSION, TRAFFIC DATA COLLECTION

Mr. Bill M. McCall
Towa Transportation Center

Presented at
National Traffic Data Acquisition Conference
Rocky Hill, Connecticut

September 18-22, 1994







e

McCall . ) 1

SUMMATION: CONCURRENT SESSION, TRAFFIC DATA COLLECTION

Bill M. McCall, Iowa Transportation Center

It was my pleasure to moderate Session 1A on traffic data collection. 8ix
great papers have added materially to the national mileage for data
collection. [Thomas] Black, Arkansas DOT, presented the new directions path

that led his department to enjoy and expand the data collection program and
increase quality, while at the same time, reducing the cost of the program
about 50 percent. ‘

Anne-Marie McDonnell, Connecticut DOT, presented the Connecticut DOT's
experiences with weigh-in-motion. She shared with us a lot of the work that
she and her staff accomplished on the highway, and that paper also adds to our
thought processes.

Douglas Terhune, Alaska DOT, discussed data collection, in- general, and
specifically spent some time on a topic that is critical to all of us in that
he is comparing the difference between static weight and weights predicted by
weigh-in-motion and the differences those pieces of data cause in pavement
desigh. In other words, what does standard deviation mean? Is it an extra
inch? Is it an extra two inches? An extra half inch?

John Hamrick, Idaho DOT, talked a little bit about his experience with
portable weigh-in-motion and calibration.

Bruce Harvey, Georgia Institute of Technology, discussed the accuracy of the
federally sponsored automatic vehicle classification study [involving] nine
vendors, and systems. And Bruce has organized his results and ranked the
performance of those pieces of equipment. The final report is in the hands of
FHWA for final approval, and perhaps will be released in October of this year.

Herbert Weinblatt, Cambridge Systematics, discussed. continuous monitoring
sites in four states. [He] cautioned us [that] perhaps we are not obtaining
the accuracy that we think we have from continuous monitoring sites.

- I encourage you to read all these papers. It [was] a good session, and again,

must reading for all. Thank you.
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ABSTRACT

The title of this paper, Integrated
Traffic Data Collection Manage-
ment - A New Direction, refers
to an idea which is neither
original to me or new. Over the
last four years | have discussed
this concept to a smaller degree
with many people both inside and
“outside my Department. About
four years ago | suggested to one
of the Department's field supervi-
sors that we combine the ATR and
Speed Data Collection Programs in
order to save resources. Inre-
sponse to this the supervisor told
me that traffic recorders have been
improved to such an extent that it
ought to be possible to combine all
our permanent data collection pro-
grams into one family of sites in
order to make maximum beriefits
from the use of our resources.

From this point we began to evalu--

ate the cost of our existing data
collection programs and the cost of
converting several of the
Department’s traffic data collection
programs into remotely operated
coincident data collection installa-
tions, in order to estimate the po-
tential costs and benefits.

In October 1992 the Federal High-
way Administration published a re-
vision of the Traffic Monitoring
Guide (TMG). In the Guide Objec-
tives to this document the follow-
ing was written:

“The second objective of this guide
is to change our perception of traf-
fic counting, vehicle classification,
and truck weighing as being sepa-
rate activities to the recognition of
these activities as part of a related
set of traffic characteristic monitor-

ing functions.

More than being an advocate of a
unified approach for the gathering
of traffic characteristic data, this
Guide provides specific recommen-
dations on the number, extent, and
duration of such monitoring. Fur-
ther, the design of the data moni-
toring is set up in an interrelated
and hierarchical fashion. Truck
weighing sessions are selected as a
subset of vehicle classification ses-
sions. Vehicle classification ses-
sions, in turn, are a subset of
volume counting sessions. This
‘nesting’ of sessions leads to
economies of operation. For ex-
ample, truck weighing locations
will serve to gather a portion of the
vehicle ¢lass and volume count
data-called for by the sample de-
sign. Similarly, vehicle classifica-
tion sessions will provide needed
volume count data.”

As you can tell from these state-
ments taken from the TMG, the
FHWA is encouraging the States to
move toward more interrelated
data collection programs in order
to improve both the quality and ef-
ficiency of traffic data coilection
activities. Following publication of
this TMG the need for streamlining
our data collection programs be-
came even more apparent with the
advent of Intermodal Surface Trans-
portation Efficiency Act (ISTEA).
The implementation of the six man-
agement areas of ISTEA will in part
depend on the ability of the States
to provide high quality transporta-
tion data, and toward that end the
streamlining of the existing traffic
data collection programs have the
potential to save manpower and
costs which can be reallocated to
ISTEA.

L

This pa'per is one approach being
implemented in Arkansas to make

* the Traffic Data Collection person-

nel more productive by reducing
the number of data collection sites
needed for permanent data collec-
tion programs, eliminating many of
the labor intensive data collection
activities and replacing them with
automatic data collection recorders
and automatic data collection, and
improving both the quality and
quantity of traffic data collected.




% .Nts.i

Black

DATA

' COLLECTION
INTHEUSA

 Scatter-Gun
‘Approach

3%. The Weigh-In- Motlon (WIM)

- The nature and size of traffic data
~ collection programs in this country

varies significantly from state to .
state. One characteristic of the pro-
grams which seems consistent
throughout the country, however,
is that the number of programs and

~data collectlon needs for those pro-

grams seems to gradually be grow-.

ing fora Wlde varlety of purposes.

Traditional data types normally as-
sociated with traffic data collection
are volume counts, vehicle classifi-
cations, vehicle speed data, and |
axle weight data. The ways we col-
lect this data has changed with

_ technology and the evolution of the
" traffic streams on vanous traffic
corridors, however the data types '

remam the same

The demands for traffic data has B
changed dramatncally over the’

‘years. Automatic Trafflc Recorder ’

(ATR) programs m our states have

all gone to permanent remotely op
“erated volume ‘counters and classi- ‘
fiers. Although the numbers of ATR‘~ :

data collectlon sites may have in-

creased or decreased in‘any par- j
~ticular state, recent user demands R
" “for information from these sites
has steadily increased thh user de-

mands for accuracy’s of +5%, and
even more recently demands of

data collection program 's roots

the data collected by the

" loadometer studles and WIM stud-

ies may not be exactly equnvalent
the needs for larger volumes of

“axle weight data collected from a _

more representatlve CFOSS SECtIOn

“of the traffic stream necessitated

9
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“the application of WIM technolo-

gies. The states have been encour-

~aged to achieve WIM accuracy’s of -

+10% for weight data and in the fu-

- ture may be required to achieve

this or greater accuracy'’s. The
Speed Program in many of the
states is designed to produce sta-
tistics which show that average

- speeds on certain highways are
- controlled within a certain range in

order to avoid the threat of mon- {
etary penalties. Speed data collec- ‘
tion reporting is now being 5
extended to include interstate high-

ways with all sites monitored quar-

terly. The Highway Performance
Monitoring System (HPMS) encom-

3 passes all these data types ds well

as hundreds of: wvehicle classifica-
tions annually and pavement

roughness data. Add to all these
f programs a; COverage count pro--
- vgram speCIal needs program a

highway inventory program, a

_needs inventory program, the Stra-
‘ tegic nghway Research Program
'(SHRP) and many, othet individual
_state programs, and a quantifica-

tion of the state’s data collection

~program begins to take shape.

These programs did not just de-

velop concurrently in recent years,

but evolved individually over sev-

eral decades. Unfortunately, each

‘ ~_ program was administered by a
 separate group within FHWA. And,
originate from the loadometer stud-
" jes which substantlally ended | (
: nearly_a decade ago. Even though

in many of the states individual

- programs were also administered

by different sections. Individual

“historical and/or random selection

processes were used to determine

the number and identify locations

of data collection sites for each
separate program. In addition, inde-
pendent data processmg and report
formats were often developed on
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HOLISM AND

PARSIMONY

New Directions
For Traffic

Data Collection

Management

an individual program basis, even
when more than one program used

- the same types of data. This tradi-
tional way of establishing traffic
- data collection programs for each

state amounts to a scatter gun ap-

proach which adds a pattern of data

collection sites to the state map,

~ Figure 1., for each program, and re-

sults in an additional new layer of
labor, equipment requirements,

The idea of integrating traffic data
collection programs to improve
both the quality and efficiency of
data collection is not new. Almost
anytime State and Federal data col-
lection personnel get together con-
versations include discussions of
the value of relating data collection
programs, as well as complaints re-
garding the failure to consider ex-
isting data collectlon programs
when creatmg new or modifying
existing programs. One of the more
recent examples of a new program

~ created without significant consid-

erations of existing programs is the
SHRP Program.

!n the latest Trafflc Monltormg
Guide, October 1992 (TMQG) (Refer-
ence 1.) the suggestlon of relating -

~ permanent traffic data collection

programs actually. came out of the
closet, so to speak. FHWA intro-

duced the concept of Holism, the
whole is much more than the sum _

of its parts, to suggest that pro-
gram integration was far superior -

_ to program separatlon And, the .
~ concept of Parsimony, the belief .

10

Pbgé 2

and methods for each program es-
tabllshed

If traffic data collection continues

‘to evolve in this fashion with the
“limited resources available, the fu-

ture of annual traffic data collec-
tion in each state may wind up

being the determination of which
programs get skipped each year.

that the simplest, most economical,

-valid solution is the best, to sug-

gest that a reduction in complexity
resulting from a simple solution

_is many times worth the relatively

small losses of efficiency or infor-
mation.

It's obvious from the suggestions
being made in the TMG that FHWA
has actually been listening to what
the states have been saying and
are prepared to make adjustments
in their thinking to meet future

traffic data needs. The conclusions
which seem to be made regarding a
" loss of efficiency and information
~ from the concept of Parsimony may
be an overstatement in traffic data

collection. The assumption that in-
_ dependently developed traffic data
collection programs provide the
most reliable accurate data does
not consider the purposes behind
the programs themselves. Traffic

‘volume, classification, speed and

axle weight data are related to the
same traffic streams. And these
data types are utilized together for

- highway planning, design, and




S

N,(§A A

Black

- MULTL
- PROGRAM

- TRAFFIC

- DATA
COLLECTION
MAKES SENSE

maintenance applications. By devel-
.relate the various data types and

oping separate programs to collect

_these varied data types, the differ-

ent types of data are most often ~

collected at separate sites, minimiz-

ing the ability to relate the various
data types and reducing the reli-

ability of the projections and reports .
_tions made from the statistics

‘made from the combined data

~ types. By integrating the p,r,ograms-, i
various types of traffic data can be
. collected in concurrent highway

. Many factors affect'the state’s abil-
ity to provide traffic data and high-
~way information for the various
. users. Innovations and improve-
' “ments in technology are ever in-

creasing the capabilities and

‘opportunities to operate more ef-
- ficient and responsive Traffic

Monitoring Systems for Highways
(TMS/H). Factors influencing this
endeavor include the financial re-

_-sources, personnel available, po- .

litical consnderatlons mdnvndual
program data col!ect;on needs,

. level of technologlcal deve!op— ,
~ments, and willingness of the state
to support data collectlon efforts
‘Some factors may be affected by
other factors, such as the state sup-
_port and pohtlcal consnderatlons

may be affected by the economic .

-and practical factors disclosed in a-
_justification made for lmprove-

ments in the trafﬁc data collection

program

As Engmeers and Techmcnans we
do not control all the factors affect-

ing the resources available to do .

11
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segments maximizing the ability to

the value and accuracy of the vol-

~.ume, classification, and load data

projections. In other words, inte-
grating our data collection programs
may result in an increase in the ef-
ficiency and accuracy of the projec-

created from this data, while reduc-
ing the relative cost and labor re-
quired to collect it.

this task. However, no one can per-
form this task without adequate

: resources, therefore, the justifica-
“tion (Appendix C. & D.) for these
- programs becomes very important!

Fortunately, current social and eco-
nomic conditions provide us with a
lot of justification. Many of our de-
partments have reduction in force
policies, and departmental person-
nel are constantly being asked to

.find ways to |mprove efﬁuency and
cut expenses The ‘way we can re-
_duce the labor force for the work

we perform is to make our exlstmg
personnel more productive, thereby,

 reducing the need for additional

labor to perform additional data col-
lection for existing 'p”rdgrams and
the management areas of ISTEA.
This can’ be done through better
management of existing resources

and the application of modern tech-

nology to expand the capabilities
of our existing personnel. As our
users demand greater volumes of

. more accurate data and the number

of users increase, the application of

- state-of-the-art technology for inte-
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ISTEA

MANAGEMENT

'SYSTEMS

~It’s Time For

- Planning

~ Not Panic

grated traffic data collection pro-

- grams reduces the cost of data col-

lection by improving efficiency,
reducing labor requirements,
eliminating duplication, and allow-
ing for improved data collection
management. With existing tech-

~nology and experience available to
the states and FHWA, management

can be shown how to do the job
with existing departmental person-
nel at a relatively lower cost.

One word of caution here - We
can’t show management how to
do this job for nothing, however,
they can be shown how to do it
better and at the same time more
efficiently. Therefore, let’s be .
careful not to mislead anyone
into thinking that adequate traffic
data collection is a by-product
which can be achieved without

" The Intermodal Surface Transporta-

tion Efficiency Act (ISTEA), the cur-
rent Federal highway program, is
creating six management systems
in addition to the existing traffic
data collection programs. These are
comprised of the pavement man-

~agement system (PMS), bridge man-
‘agement system (BMS), public =

transportation management system
(PTMS), safety management system’
(SMS), intermodal management sys-

tem (IMS), and the congestion man-
"agement system (CMS). In addition
'to these management areas, the

current programs and the means by
which the traffic data collection is
provided for under ISTEA, is the

12
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any effort or expense. Many state
highway department managers are
not practicing engineers or techni-

‘cians themselves and are not inter-

ested in the specifics of this job.
Therefore, they tend to believe that
all the traffic data collection
needed will be done according to
their orders regardless of the re-
sources provided. In the past short
cuts have been taken to satisfy
these managers which has led
them to look at this activity as a
nonprofessional enterprise, and
has caused them to develop un-
reasonable expectations. Let’s
conduct ourselves in the future in
a way that does not add to these
unrealistic expectations, and that
ultimately provides departmental
personnel with the resources and
opportunities to do the traffic data
collection requested by users.

Traffic Monitoring System for High-
ways (TMS/H). There is not suffi-
cient time to discuss any of these
systems in detail in this paper, and
any discussion of them would be
premature at this time, since they

- are currently in the process of be-

ing designed at the state level.
However, the assumption can be
made that many of these systems
will require additional traffic data
over that currently being collected,
and all systems will ultimately
share traffic data collected with the
TMS/H. Initially, the states thought

~ that data for these systems would

be collected without any additional
cost, however, as the specifics of
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each system are determined it ap-

pears that additional data collec;
tion over and above the current
traffic data collection activities will
be needed. In creating the plan-for :
the TMS/H it is.incumbent upon
each state to determine how to
best utilize existing resources to

_perform the necessary data collec-
tions while minimizing the need to.
‘increase data collection. personnel -

and costs.

Maximum integration of the current

traffic data collection programs in
the TMS/H has the potential to re-
lease significant amounts of per-
sonnel resources to be utilized in
other traffic data collection activi-
ties which may be required for

these six management areas. The
plan for the TMS/H is scheduled for

completion along with the six man-.
agement areas, therefore, the
states do not have the luxury of
waiting to see what data is going to
be requested by each management

With the installation of the SHRP
Program in Arkansas it was ob-
served by Arkansas State Highway

- and Transportation Department

(AHTD) personnel that the equip-
ment used could provide data for

+ several traffic data collection pro-

grams as well as information for -
enforcement from integrated traffic

 data collection sites. A few of the

SHRP sites were instrumented and
have been operated as integrated

- . multi-program data collection in-

stallations to take maximum advan-
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system before the TMS/H plan is
completed. It is crucial that each
state coordinate the planning of all
the management systems and the
TMS/H simultaneously in order to
provide the necessary data when
needed for all state and federal us-
ers. For current planning purposes
at the state level the TMS/H should
be treated as a seventh manage-
ment system.

When planning the TMS/H, never
overlook any potential uses for the
current data being collected so that
state forces can avoid duplication
of efforts and maximize the ben-
efits of the traffic data being col-
lected. Remember, traffic data is
used for planning, design, mainte-
nance, and enforcement. By identi-
fying all beneficial uses for the
data collected, maximum benefits
of the data collection activities can
be obtained and additional sources
of financing for equipment and op-
erations may be discovered.

tage of the State’s equipment
investment. AHTD personnel ex-
panded on the experience gained in
the SHRP program by investigating
the possibility of combining perma-
nent data collection programs, i. e.
ATR, WIM, HPMS, Speed Data, etc.,
into multi-program data collection
sites. Since many of these pro-
grams are operated primarily with

" labor intensive technologies, sig-

nificant reductions in personnel
and support costs were immedi-
ately identified.
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After the publication of the revised
TMG, and the announcement of
ISTEA, the Départment decided to
look for new ways to reduce labor
and costs. AHTD personnel were
asked to propose some cost cut-
ting and labor saving innovations,

thereby leading the way to the pro--

posal for the development of mte-
grated multi-program data
collection sites. Following the
preliminary proposal, the Depart-
ment prepared a draft plan which

~ combined the ATR, WIM, Speed
Data, any associated vehicle classi-

fication sites, and most of the SHRP

~ sites into a family of data collection

installations which eliminate the
less-efficient labor mtensnve meth-
ods currently employed

The basic steps followed in thls en-
deavor are as follows

1. Because of the traffic history al-
ready collected , the ATR sites
were chosen for upgrading to
multi-program sites.

2. Existing ATR sites were catego-
rized according to highway sys-
tem in order to identify
deficiencies in the coverage of
the existing program. (Appen-
dix A)

3.A statistital procédure, based on

axle weight data, was used to
select the minimum number of
sites needed to sample the state
highway system for the WIM Pro-
gram. (Appendix B.) |

4. Additional sites were selected,
over the existing ATR Program,
from other data collection pro- .
gram sites to.complete the pro-
posed ATR and WIM Programs.

14
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5. The sites selected for the ATR
and WIM Programs were then re-
viewed to determine their ad-
equacy for the Speed Data
Program.

6. Additional sites were selected
from other existing data collec-
tion program sites to complete
the expanded Speed Data Collec-
tion Program.

- The final draft program was tabu-

lated and submitted as a proposal
for the traffic data collection pro-
grams for the ATR, WIM, Speed
Data, Quarterly Vehicle Classifica-
tion, and most of the SHRP Program

sites.

The final 'preliminary‘proposed traf-
fic data collection program, Figure
Il., amounts to approximately 50

~ ATR, 48 WIM, 45 Speed Data, 11

SHRP, 65 HPMS Classification, and

" 11 Quarterly Classification sites,

incorporated into 48 Automatic
Weight and Classification System
(AWACS) and 17 Automatic Vehicle
Classification (AVC) sites. In other
words, the equivélent of approxi-
mately 180 current traffic data col-
lection sites, most of which are
being collected with labor intensive

. technology, can be replaced by 65

remotely operated traffic data col-
lection systems.

The total benefits of this proposal,

however can not be described by a
simple comparison of the number
of existing sites to those proposed.
Each program will be affected in a
number of ways.

The type of data collected for the
ATR Program will change from con-
tinuous volume counts currently
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being-collected to continuous ve-
hicle classification data. Also, this
proposal will eliminate the need for
on site retrieval of data by AHTD
personnel, and provide for the col-
lection of vehicle classification data

" by telemetry, thereby substantially

reducing the labor currently re-
quired. All 65 traffic.data collection
sites will be capable of collecting
continuous traffic data adequate
for the ATR Program.

The effect on the WIM program is
‘even more dramatic. WIM has been
collected in Arkansas and through
much of the Country with portable
AWACS systems. The portable
equipment, support vehicles, state
crews, state highway district sup-
port, and all necessary field per
diem and support is eliminated.
Even more important in Arkansas,
this proposal converts the WIM
data collection from a 90 site three

_ year data collection program, 30

sites per year, to an annual data
collection program, at approxi-
mately 48 sites with the ultimate |
duration of each sample increased
from 48 hours to 7-days. The com-
parison of the size of the WIM Pro-
gram based on the number of sites,
90 to 48, is also misleading. Be-
cause of the way data collection -
sites are numbered?for divided
highways, the 48 WIM sites pro- -
posed actually compares to more
than 70 sites under the existing
program. In other words instead of
collecting about 30 WIM sites annu-
ally under the existing program,
the state would actually be collect-
ing the equivalent of over 70 sites
annually.

The effect on the Speed Data Pro-
gram is to virtually eliminate portable

1=
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speed data collection and convert
it to remotely operated sites. The
Speed Data Collection Program has
recently been changed to include
reporting of Interstate highways
(65 mph) as well as 55 mph routes.
Also the entire program has been
converted to be collected quarterly
rather than part quarterly and part
annually. The number of sites in
Arkansas has increased from 34 to
45. This proposal would allow the
expansion of this program without
any addition increases in person-
nel, and would incorporate it with
other programs to eliminate the
proliferation of additional data col-
lection sites.

Approximately eleven of these sites
are SHRP Program sites in addition
to other data collection programs.

The estimated cost of operating the
existing data collection programs is
approximately $420,000 annually.
The revised cost of operating these
same programs, with integrated

- traffic data collection sites, is ap-

proximately $293,000 annually.
These revised costs include the
amortized investment and operat-
ing costs for the proposed traffic
data collection installations over

< aten year‘idkesign life, personnel,

maintenance, and utilities. Since
the existing programs are already
instrumented no additional costs
were included for replacement of
equipment with the current pro-
grams. Therefore, the cost savings,
approximately 30%, for the inte-
grated multi-program sites is a con-
servative estimate. No value was
assessed to this comparison for the
increased volume or quality of traf-
fic data collected at the integrated
sites.
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Some of the advantages to be
gained through the implementation
of this proposal for integrated traf-
fic data collection management are
listed as follows:

1. The operation of AWACS and
AVC equipped data collection
sites ‘for multi-program use will
result in significant cost and
labor savings by eliminating
duplication of data collection
equipment and efforts, and elimi-
nating the labor intensive field
operations currently being em-
ployed. In Arkansas, as much as
10,000 hours or more of field
personnel resources could be
saved annually and reallocated
to the management systems of
ISTEA and other program needs.
With the Department’s current
policy of working toward more
efficient operations and mini-
mizing manpower costs, this
proposal would further the
Department’s interests toward
achieving these goals.

2. The reduced presence of AHTD ’
personnel and vehicles will elimi-

nate the impact on traffic during
data collection activities, and
eliminate the associated bias cre-
ated: -

3. This equipment will improve the
data collected by allowing for
continuous collection of classifi-

16
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cation data, seven day collection
of WIM data on an annual basis,
the collection of data during
week ends and holidays, and
the ability to remotely repro-
gram and operate permanent
traffic recorders.

The use of multi-program instal-
lations will improve the accuracy
and value of the data collected
by retrieving classification and
WIM data in the same highway
sections, improving the ability to
relate various data types.

. This proposal will satisfy FHWA

directives by implementing auto-
matic traffic recorders for perma-
nent data collection sites and
eliminating duplication of data
collection efforts.

. The implementation of this pro-

posal will provide training and

experience for our field person-
nel which will make them more
productive and valuable for the
future data collection needs of

the Department.

. The implementation of this pro-

posal would allow the Depart-
ment to expand the data
collection for the Speed Program
without additional personnel
and minimize the need for addi-
tional personnel and equipment
to satisfy the data collection
needs for the six management
areas of ISTEA.
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ATR

- PROGRAM

SITES

Number
And Classification

" The Traffic Volume Monito_ring_prqf

gram recommended in the TMG
consists of three major elements.

1. A limited continuous count ele-
ment .

2. A more extensive HPMS frame-
work as the traffic volume sample

3. A very flexible Special Needs ele-
ment

The ATR sites act as the limited
continuous count element of these

" needs. As a minimum the TMG rec-

ommends these seasonal groups
for the development of ATR data
collection sites. :

: HPMS
Recommended Functional
Group Group
1. Interstate rural 1
2. Other rural 2,6,7,8
3. Interstate urban 11

4. Other urban

12,14,16,17
5. Recreational y

Any

The TMG notes that most continu-
ous data collection programs lack a

18
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firm statistical base, and states that
their design can best be character-
ized as evolutionary and incremen-
tal. It states, “Because of the
enormous expenditures made to
implement existing continuous pro-
grams and their present utility in
terms of the data base provided,
the intent of this chapter is more
towards modifying than redoing.

By using as much as possible of the
existing framework, cost-effective-
ness is improved and modifications
to existing programs minimized.” It
is apparent that the TMG does not
recommend scrapping our current
data collection programs and start-
ing over. As a result we recom-
mend that we use our existing
program as a starting point for a
re-instrumentation proposal and
recommend random selection of
new or additional sites from HPMS
sample sections. This will enable us
to work towards, what the TMG
calls, statistical rigor in our pro-
grams while preserving the value
and usefulness of our existing data
base. '
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' AUTOMATIC

TRAFFIC
RECORDER
SITE

The MG indicates that typically

monthly variations for urban areas .

have coefficients of variation under
10%, while rural areas range from .

10 to. 25%. For our purposes we will

use 10% for urban estimates and

15% for rural estimates of the num-"

ber of ATR sites needed for each

_ ATR group. It is further recom-
- mended that the number of sites .

needed be calculated for Interstate
rural, Other rural, Interstate urban,

~ and Other urban, with additional
- recreational sites added for those

identified as needed. The TMG rec-
ommends the following equation
for determining the number of sites
need for each group: -

D=T omC/m* @)
where
D = precision interval as a pro-

portion or percentage of the’
‘mean :

19
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C= coeffi cient: of varlatlon of the
factors =~

T = value of student’s T dlstnbu-
tion with 1-d/2 level of confi-
dence and n-1 degrees of
freedom

‘'n = number of locations .

d = significance level

Using a 10% precision level with
95% confidence, based on Equation
(3), the following minimum number
of locations are recommended for
the number of ATR sites in each

~group.
1. Interstate rural ‘ 12
2. Other rural 12
3. Interstate urban 7
4. Other urban 7
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ATR DATA

'COLLECTION
- SITES LOG

‘Currénitly, Arkansas has apmeimaté!y 35 active ATR sites distributed in

" Page 12

each group as follows:

Field Federal ) _ : : B

Rural Sites: Interstate rural , - i
01 58101 M0 22 01 W. of Pottsville, LM 85.86
02 43101 40 4 01 E.of S.H.13,LM 183.52
03 470 155 12 0 N. of S.H. 181, LM 36.98
04 10-101 30 14 01 W. of S.H. 26, LM 68.39
- Qther rural
05  20-102 u.s. 79 06 02 NE of U.S. 167,LM 0.13
06 40-102 U.S. 65 16 . 02 N.ofS.H. 114, LM 8.69
07  17-102 us.71 15 02 Mountainburg, LM 12.78
08 - 64-102°  US.65 04 02 0.29 MLN. of S.H. 235, LM 5.38
09 - 56102 - US.63 08 02 N.ofS.H. 14,LM 10.05
25 03-102 TUS.62 11 - 02 W. of Norfork Bridge, LM 8.76
26 02-102 U.s. 82 08 02 E. Ouachita River, LM 3.50
10 42-103 S.H. 22 03 06 E. of S.H. 23,1M 4.07
! 73-103 US.167 ~ 16 . 06  N.ofS.H.87,LM3.19
12 28-103 us.412 08 06 E. of Cash River, LM 0.62
13 29-103 S.H.4 05 06 N. of S. H. 332, LM 2.54
27 22-106 S.H.35 08 06 SE of Monticello, LM 5.79
30 58106 . - SH.7 15 06 1.09 MIN. of S.H.164, LM 15.86
14 67-104 - SH.115. . .03 07 E.ofU.S.167,LM 13.83
15 68-104 SH.50 01 07 W. of S.H. 75, LM 1.01
16 27-104 S.H. 46 02 07 SWofU.S. 270, LM 17.82
29 08-107 S.H. 21 05 07 S. of Berryville, LM 15.70

Urban Sites: Interstate rural

18 ~ 60-121 1-630 21 11 W. of Denison St., LM 2.0

19 65-121 1540 12 11 N. of S.H. 22,1M 5.36

31 18111 I-55 11 11 NWof U.S. 70, LM 3.50

33 60-111 440 0 11 N. of Ark.Riv.Brdg., LM5.59

34 60-131 . 33 11 Lakewood interchange, LM 154.31
Other urban ,

20 60-122 u.s. 67 10 12 S. ofJaCRsonville, LM 7.81

32 16-112 S.H. 245 n 12 S. of I-30,LM 4.49

21 60-123 S.H.10 08 14 W. of Cross St., LM 14.75

22 65-123 U.S. 64 0 14 S. of Ark. River, LM 4.16

28 70-114 U.S. 167B 018 14 E. of S.H. 7 Spur, LM 3.18

23 73-124 S.H.36 03 16 W. C/L of Searcy, LM 19.18

24 35-124 Hazel St. N/A 16 N.of 27th St., LM 1.24

As you can see from the list of Data Collection Sites above, we have been
sampling more than the number of Other rural sites estimated and less than
the number of Interstate sites. This analysis is only the beginning of the
considerations, however, and it does not take any other data collection pro-
grams into account. Let’s look at the needs of the Weigh-In-Motion (WIM)
program and see what the recommended number and distribution of sites
would be before considering additional sites solely for the ATR Program.

20
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WEIGH-IN-

MOTION
TRAFFIC

'RECORDER

cot e STEE
ANALYSIS

First, Tet's use the previous rela--

~tionships and method to estimate
the number of snes needed 0bv1~
ously the vanatlon in traff‘ ic counts ‘

at the WIM sites does not re!ate di-
rectly to the axle welght data bemg’

‘*coHected therefore for a different

perspectlve axle weight data will
be used to geta frame of reference
for this analysrs ‘

For the extstmg WIM Program, the
~ TMG recommends that each state
- sample. at Ieast 90 WIM sites over
~athree year cycle These sites were
~ to be selected for two reporting

stratification Ievels 1. Interstate

and 2. Other Roads (exdudmg local

functional class or unpaved) One

~ third of these sxtes were arbrtranly
,asmgned 1o Interstate highways '

~ with the remainder distributed over
other classification highways ac-
cording to their mileage. The TMG

recommended that each sample be
col!ected for a 48- hour penod once

= every three years

 The Department is recommendmg,
~ for the future WIM program, annual

Static
Average (WIM-Static)
. DEMO 76 Data . , . Gross
-30 Hempéte;d Co ‘/ 59,505
Other Hzghways SR E
U.S. 71 Benton Co. 53,567
S.H.29 Hempstead Co. 62,628
U.S. 82 Ashley Co. 49,192
Weighted Other 8.597 -

Based on this analysis, coefficients -

of variation of 17.50% and 15. 00%

were used to estimate the number :
of sites for the Interstate and Other ,

systems, respectively. Usmg a 10%
precision level with 95% confidence
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data collections at all sites with
seven day duration samples and

‘ ‘ ’quarterly data coliections at spe-

cific sites to provide seasonal

~ WIM data. With the more com-
plete seven day samples and the

additional seasonal information

obtained annually, Arkansas should

be able to adequately sample axle

~ weight data at fewer than 90 sites.

WIM data is used to estimate static
axle weights for planning, bridge,
and pavement design purposes.
Since the actual dynamic weights
collected are normally not equal to

~ static weights, let’s look at the dif-
~ ferences between the dynamic and

Static axle weights to estimate the
coefficient of variation of the data.

'In Arkansas’ work in the Demon-
stration 76 Project, over 700 heavy

trucks were weighed both dynami-

_cally and statically for comparison.
- Axle weight data from the four

DEMO 76 sites was used to com-
pute coefficients of variation at

' each of the sites. The values from
_this analysis is summarized on the

next page as follows.

wiM Sample ‘
Standard Coefficient Size
Deviati Variation(%) #
10,381 17.42 152
6,908 12.90 228
8,715 13.92 183
8,781 17.85 52
13.86 463

for the student’s T distribution

"“along with Equation (3), it was esti-
_ mated that we need a minimum of
:15 Interstate Highway and 12

Other Highways WIM data collec-
tion sites.
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Althotigh the figures above indi-

_ cate that fewer Other highway sites

are needed to sample Arkansas’

_ state roads, this analysis does not

take other factors into account in-

_ cluding the type of area, functional

classes of roads, and many other

 considerations pertinent to deter- |
mining the number of sampling
sites needed. It is apparent from

the relative number of miles of

‘highway and traffic between the
Interstate and Other highway sys-
“tems, that a larger number of data

collection sites will be needed for
the Other highway systems than
the Interstate systems. The TMG
gives more weight to the sampling

of the Interstate highways than the
 Other highways and arbitrarily as-
~ signs one third of the data collec-

tion sites to Interstate highways.

~ Accordingly, we will initially assign

twice the number of data collection
sites, thirty, to Other highways and

distribute them across the highway
systems. In this regard we will fol-
_ low the recommendation from the
~ TMG and distribute these sites ac-

1991 AVMT
- statistics
Highway System (millions)
Rural Interstate 2,830
Urban Interstate ‘1,’780  '
Rural ,
Principal Arterial 3,376
Minor Arterial 2,685
Collector 4,071
Other Freeways . L N
" andExpressways 670
~ “Principal Arterial 2,498
‘Minar 9. teri ‘l‘ AR 1,641
T “Totals

22
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cording to AVMT mileage within
the Interstate and Other highway
systems. :

k~ In order to adequately sample any

highway system one site is not con-
sidered adequate and a few addi- -
tional sites are needed to provide
for interruptions of data collection,
for maintenance, and equipment
failures. At least three sites should
be sampled for each type highway
system with no less than 27 sites
in operation at all times. Therefore,
where the estimated number of
sites, based on AVMT, is less that 3
for any system, the minimum num-
ber of proposed sites will be recom-

~mended as three. The following

table shows the minimum number
of sites calculated for the Interstate
and Other highway systems using
the Student’s T distribution analy-
sis, and the minimum number rec-
ommended for adequate sampling
of each highway system based on
TMG recommendations and the
distribution of sites according to

AVMT.

 Student’s T  Recommended

- Minimum sites sample site

No. No.
9 n
6

3 9
2 7
3 4
1 4
2 3
1l 3
27 48




m«.,)-,;;éi — ,“—3 .

% ;;y;_ﬁj% ;

~Black

~ ATR, WIM,
SHRP, SPEED

Data Collection

Sites Log

After determining the number of
permanent AWACS sites needed to
satisfy the WIM Program, the log of
ATR sites previously included in
this report was updated to include
additional sites already instru-
mented with automatic traffic re-
corder for SHRP, WIM, and Speed
data collection activities. Sufficient
sites were found from the WIM and
ATR locations chosen, to instrument
the higher classification Speed Data

Collection sites, however, some ad-

Field Federal

Station  Station

Rural Sites: - Rural Interstate
(2] 58-101 I-40 - 22
202 0 43-101 140 2 4)
03 47-101 155 12
04 10-101 30 14
07 US. 7Y (1-49) future
. 140 81
130 1
- 130 22
140 -1
40 32

US.65 120r14

: * "Principal Arterial
05 20-102 Us.79 06

06 40-102- U.S.65 16

. 08 < 64102  U.5.65 04
09 56-102  U.5.63 - 08
25 03102 US.62 1

26 02-102  U.S.82 08

S.H.1 06

USs. 167 01

US. 425 07

L U.Ss.67 n

39 R US. 167 10
Minor Arterial . -

-10 ;-42:103  S.H.22 <03
n 73-103  US. 167 16
12 28103 US.412 08
13 .29-103 S.H. 4 05
27 22-106 S.H.35 08
30 58-106 SH.7 15

S.H.29 03
26 S.H. 140 02

31 - S.H. 27 07

23

Route Section E/C
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ditional locations had to be chosen
to satisfy the requirements for the
Major Collector and Minor Arterial
sites needed. Once this was com-
pleted, approximately 65 sites, 50
AWACS and 15 AVC, were chosen
as multi-program data collection
installations, to satisfy the needs of
the ATR, WIM, Speed Data, and
most of the SHRP Program sites -
statewide. This revised ATR, WIM,
and Speed Data Collection Sites Log
is included as follows:

Location

01 *W. of Pottsville, LM 85.86
01 E.ofS.H.13,LM 183.52
01° N.ofS.H.181,1M36.98
o1 W. of S.H. 26, LM 68.39
01 U.S. Hwy. 71 relocation
o1 1.0M.E.S.H. 1, LM 240.0
01  N.ofTexarkana -
01  S.US.70Int, Saline Co.
01 “E. of Ark/Okla State Line
01 Faulkner Co., Mayflower
0l Near Speed Section

02 NE of U.S. 167, LM 0.13

02 N.ofS.H. 114,1M 8.69

02 N.ofS.H.235, LM 5.38

02 N.ofS.H. 14, LM 10.05

02 W. Norfork Bridge, LM 8.76
02 E. Ouachita River, LM 3.50
02 N. of White Riv.Br. '

02 South of El Dorado, Union Co.
02 Old U. S. 81 S. of Pine Bluff
02 South of S.H. 89, Cabot

02 South of U.S. 270, Sheridan

06 E. of S.H. 23,LM 4.07

06 N.ofS.H.87,LM 3.19

06 E. of Cash River, LM 0.62
06 N. of S. H. 332, LM 2.54
06 SE of Monticello, LM 5.79
06 N.S.H. 164, LM 15.86

06 Evening Shade

06 West of I-55

" 06 North of S.H. 298, Story
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'ATR, WIM,
SHRP, SPEED
Data Collection
Sites Log

46=

46
69
Bzl

Major Collector .

14
15
16
29
52

- 60

76
77
78
79

Field
Station

Urban Sites:
18
19
3
33
34

120
32

21
22
28

23
24
12
94

S.H.29 01 06
S.H. 29 01 06
US.64 09 06
SH19 02 06
67-104 SH.115 . 03 07
68-104 . S.H.50 01 07
27-104  S.H.46 02 07
08-107  S.H.21 - 05 07
S.H. 42 05 07
S.H.1 01 07
us.70 - 17 07
S.H.13 09 07
S.H.14 12 07
S.H.10 ‘01 07
Federal -
Urban Interstate |
60-121 1630 21 n
65-121 1-540 12 13!
18-111 55 11 n
60-111 1-440 01 n
60-131 140 33 n
. 140 33 n
S US. 7 (1-49) future n
140 52 n
1-430 21 1
Other Freeways & Expressways
60-122 U.s.67 10 12
16112 S.H. 245 01 12
: US.65 .15 12
U.5.63 06 12
Other Principal Arterials
60-123 S.H.10 08 14
65-123 Uu.s. 64 o1 14
70-114  US.167B  01B 14
Minor Arterials -
73-124 “.S.H.36 03 16
35-124 HazelSt.  N/A 16
28-103 ‘U.s.412 08 16
' 16

S.H. 255 03

24
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North of Louisiana State Line
North of Louisiana State Line
East of Conway
North of Waldo

E.of U.S. 167,LM 13.83
W.of S.H. 75, LM 1.01
SWof U.S. 270,1M 17.82
S. of Berryville, LM 15.70
West of I-55

North of S.H.138

East of S.H. 302, Brinkley
South of S.H. 232

West of S.H. 37, Newport
East of Greenwood

Location

W. of Denison St., LM 2.0
N.of S.H. 22,1LM 5.36

NW of U.S. 70, LM 3.50

N. Ark.Riv. Brdg., LM 5.59
Lakewood Inter., LM 154.31
Burns Park NLR

U. S. 71 Benton Co.

West of Miss. Riv. Bridge
North of S.H. 5, Little Rock

S. of Jacksonville, LM 7.81
S. of I-30, LM 4.49
Jefferson Co., Pine Bluff
Craighead Co., Jonesboro

W. of Cross St., LM 14.75
S. of Ark. River, LM 4.16
E.of S.H. 7 Spur, LM 3.18

W. C/L of Searcy, LM 19,18
N.of 27th St., LM 1.24
Greene Co., Paragould
Sebastian Co., Barling




- Black

Virtually all of the ATR, WIM, and
Speed Data sites chosen were se-
lected from existing data collection
sites. The 65 data collection sites
listed fulfill the needs of the De-
partment for this portion of the

continuous count element (ATR), of
the data ccllectaon program, from
-existing data coliectron sites from

current programs. Of these 65
sites, 48 are proposed to satisfy
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the WIM Program. All of these sites

.fall in or near hlghway segments
_ currently in use for traffic counts,

vehicle classifications, axle weight

_ data, and/or speed data collection,

fulfilling the objective of making
them relatable to past.traffic data

collected, thereby, protecting the

value and integrity of existing traf-
fic data.
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- PROGRAM
SUMMATION

In order to assess the cost effec-
tiveness of implementing new

technology in our current data

~collection programs, the existing
: annual operatmg costs were esti-
mated. These costs included wages ‘
" and overhead costs, transportanon ‘
costs, per diem, and equipment op-
“erating costs. Not included in these
~ costs were depreciatlon of existing
equipment and replacement costs
for obsolete equipment, therefore

the costs summarized in this report

“for the existing programs are con-

servatively low.

Existing Data Collection Programs
Annual
Program _Estimated Costs

ATR $ 74,080
Speed & Class 74,080
WIM 212,980
SHRP 58,610

Total $419,750

In order to assess the projected
costs for operating the data collec-
tion programs proposed in this re-
port, operation costs were estimated
for the instrumentation of the ATR
program, along with any additional
sites needed for completion of
other data collection programs, and
conversion of the data collection
sites to multi-program installations.
The estimated operating costs in-
clude contractor instailation ex-
pense, equipment acquisition,
telemetry equipment, annual main-
tenance, monthly telephone bills,
and an annualized ten year amorti-
zation of the total equipment in-
stallation cost based on a 6%
interest rate over a ten year period.
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Propo&ed Multi-Program
Data Collection Program

Annual
'Expenditure Estimated Cost
Annual Equip. (@6%) $187,963
Maintenance (@5%) 74,200
Telemetry 31,200
" Total $293,363

As you can see from these esti-
mates, in excess of $126,000 an-
nual savings, approximately 30%.
of the annual projected field op-
erating costs for these programs,
is being projected by the imple-
mentation of new technology and
the combination of the current
data collection sites into multi-
program installations.

The installation of this proposal
will result in a significant change in
data collection and processing. Be-
cause of the traffic history col-
lected at each of the ATR sites, all
current locations will be maintained
without relocation from their re-
spective highway section. Speed
monitoring sites will be relocated
to ATR sites. WIM sites will also be
relocated to ATR sites. Some addi-
tional WIM sites, instrumented with
SHRP, will continue to be operated
in addition to these being pro-
posed. Also, some additional Speed
Data Collection Sites will be located
at previously existing data collec-
tion sites for lower classification
highways not adequately repre-
sented in the initial sites selected
for this proposal.

Although the number of data col-
lection programs being operated is
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not &ffected by this proposal, the
quality and quantity of the data

_ collected and the number of sites

being monitored annually for the

~ ATR and WIM programs would be

substantially increased with imple-
mentation of this proposal.

" The number of ATR sites would in-
crease from approximate 35 exust— s

ing to 50 as a result of the WIM
sites being added, and all highway

~ systems would have adequate num-
- bers of sites based upon the esti-
- mates from the previous analysis

included in this report. In addition

~ to this change, sampling at these
_ sites would change from continu-
~ ous count to continuous classifi-
_ cation, eliminating the need to
~ perform periodic classifications
~ with portable traffic recorders,
: thereby, further reducing our reli-
~_ance on portable labor intensive
_ methods.

“The total number of WIM sites;y

would decrease from 90 sa‘mpled |

_ over a three year cycle to 48 ‘
sampled annually. This is not a valld
comparison, however, in that under
the existing program divided high- ¥
ways are considered two WIM sites

with the traffic data collected
directionally, whereas, under the
proposed program each divided
highway would be sampled as a:
single site. Since the portable 5150
AWACS traffic system monitors two
traffic lanes at a time, 60 lanes of
AWACS data are currently collected
annually. Under the proposed WIM
program the 48 Sites would result
in the monitoring of 158 highway
lanes annually, or the comparable
equivalent of 79 traffic data collec-
tion sites when compared to the
existing program. Additionally,
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- since this data is being collected
- with remote instead of portable

equipment, the duration of each
WIM sample would be seven days
instead of 24 or 48 hours under the
existing WIM program. Also, this

~would allow us to collect seasonal

WIM data at the same time we col-

lect quarterly classification data at

the designated ATR sites, expand-

. ing the seasonal traffic information

available to the Department.

This proposal also includes the in-
corporation of the Speed data col-

“lection program into our other

permanent data collection pro-

. grams. In the past the Department
has collected directional speed data

only at 55 mph highways. Annual

- speed data has been collected at all
_.existing sites with quarterly data

collected at selected sites. Most of

- our speed data has been collected
~ with portable traffic recorders. In

the future program all speed data

~ will be collected quarterly, and will
- be reported on 65 mph as well as
55 mph highways. Under this pro-

posal we would select as many
sites as possible from the ATR ,
WIM, and SHRP program sites, us-
ing the criteria from the speed data

- collection manual, to satisfy the

needs of the program. The cur-
rent Speed Data Program being
proposed would be able to satisfy
most of the higher classification
highways in the State from the
sites proposed for ATR and WIM

except for an additional 15 sites

required on lower classification

highways, which comprise the larg-

- est mileage in the State. The addi-

tion of these 15 AVC sites to this
proposal would add additional flex-
ibility to the data collection pro-
grams by providing additional
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locafidons where traffic volume and

vehicle classification data will be

‘available if needed.

It is apparent from the description
of the data collection sites pro-

posed, that vehicle classification
data available from this program
would be adequate to satisfy the

needs of quarterly traffic data used
- at eleven of the ATR sites across
‘the State presentiy used for prepa-

ration of quarterly reports Thns ex-

‘isting program prlmartly uses

portable traffic recorders at these
ATR sites four times annually. or

44 times a year to gather data for

preparatton of this report. The use

* of remote systems to do this func-

tion would eliminate the repeated
field labor necessary for this pro-
gram. o

The TMG directs the States to col-
lect approximately one third inter-

" state highway Jocations and two

thirds other functional classifica-
tion highway locations. The WIM
and Speed programs are both site
specific and directional, therefore,
the instrumentation of one inter-
state or multi-lane primary highway
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for multi-program use, could poten-
tially serve as an ATR, vehicle clas-
sification, Speed Monitoring, and
WIM site. A SHRP site could possi-

bly serve the Strategic Highway Re-

search Program and all the above
mentioned programs as well. The
implementation of this proposal
would result in approximately 50

. ATR, 65 vehicle classification, 48 -

WIM, 11 SHRP, and 45 Speed Moni-
tbring sites capable of remote op-
eration and automatic data retrieval.
It is apparent that nearly all of our
permanent annual data collection
needs for the ATR, Speed Monitor-
ing, WIM, and quarterly traffic re-
ports, in addition to the SHRP
program, could be met and/or ex-
ceeded by the implementation of
Automatic Weight And Classifica-
tion (AWACS) and Automatic Ve-
hicle Classification (AVC)
Equipment. Therefore, by convert-
ing a portion of the present per-
manent data collection sites to
multi-program installations, the

AHTD should be able to accomplish

this objective with fewer perma-
nent data collection sites than are

. presently needed wnth the existing

programs.
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PROGRAM
JUSTIFICATION

. the State would be based on more

. The application of AVC and AWACS-
- equipment at these sites will result
_in some changes to the current

data collection programs. The ATR .
program will be satisfied by the .
collection of continuous classifica-

. tion data, rather then continuous
traffic counts with periodic classifi- -
- cation data. This means that the -

adjustment factors computed over

complete data including data for
week end and holiday periods. It

will also result, however, in the ne-
.~ motely operated automatic traffic

cessity to process significantly
larger volumes of classification

. _data transmitted into the office by
- telemetry. The WIM program will
~result in every site being collected

annually rather then on a three

_..year cycle. This will. make it unnec-
- essary to adjust WIM data, and al-

- low the collection of seven day

. data rather then 24-hour samples

, currently being collected. The auto--
.. mation of the Speed Data Collection

- be achieved with the Department’s

_current technologies without hiring

“addition personnel. Therefore,

_Program will allow the AHTD to in-

- crease the number and duration of .
- samples without increasing the per-
sonnel for the program. While this

- us to combine data collection for

- multiple programs afford the op-
- portunity to operate these pro-

proposal.will certainly significantly

reduce the AHTD staff needed in

the field to collect data for.these

- programs; it will resuit‘m add!tlonal J

_ staff needs in the office to manage .

~the retrieval of data with telemetry
_. . and the processing of data forin-._
- clusion.in the AHTD traffic data

bases. The collection of dassiﬁ'ca-

. tion and welght data in the same
-highway segments wnll improve our -

ability to track both traffic and

truck weights, and more depend-
.ably relate truck weights to traffic
. classifications statewide for better
quality planning and design data. - -
1. The current equipment and prac-

Modern practices and equipment

.-.will also enable us to meet the
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goa!s of truth in data and increased
accuracy’s being proposed for the

. Highway Performance Monitoring

System (HPMS) and Environmental
Protection Agency (EPA) goals.

Another important factor is the ef-
fect this proposal will have on the
present and future labor demands

- for the data collection programs.
- The current field labor require-
 ments would be reduced by thou-

sands of hours a year, and the
enhanced capabilities of the re-

recorders mean that the equipment

- can be operated from the central

office rather than by dispatching

. field personnel, saving time,

money, transportation, and labor. it

- also should be pointed out that the
- future expansion of the Speed Pro-
~ gram, the addition of the SHRP pro-
- gram, and the creation of the six -
management areas of ISTEA with

their additional data needs, can not

modern technologies which allow

grams while reducing the need for

_ the hiring of additional field per-

. sonnel and the avoidance of signifi-
- cant increases in the associated
-+ costs of labor, transportation, and

- overhead. '

-The disadvantages of continuing
- our data collection activities using
_current practices for the ATR,
.Speed Monitoring, and WIM, pro-

- -grams are as follows.

tices being used are highly labor
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iniénsive and inefficient when
compared to the new equipment
and practices being developed.

2. The current portable data collec-
tion practices being used by the
AHTD at most permanent data
collection sites are limiting in

- that they only allow the collec-

tion of a limited amount of clas-
sification data and, makeit -
extremely difficuit to collect data
during holidays and week ends.

3. The presence of AHTD personnel

and support vehicles during the

~ collection of WIM data affect the
traffic and create some bias of
the data. '

The advantages of implementing
the use of AWACS equipment and

‘the development of multi-program

sites are as follows.

1. The operation of AWACS
equipped data collection sites for
multi-program use will- result in
significant cost and labor sav-
ings ($126,000+ per year) by
eliminating duplication of data
collection equipment and efforts, -
and eliminating the labor inten-
sive field operations currently
being employed. Since the opera-
tion of these programs involve at
least seven people, as muchas
10,000 hours or more could be

saved and reallocated to more

_productive useé in field data col-
‘lection with future program™

needs. With the Department’s ~ ~

~current policy of working toward
" more efficient operations and

' minimizing manpower costs,
this proposal would further the

-Department’s interests toward
achieving these goals.

* 2. The reduced presence of AHTD

personnel and vehicles will

30
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eliminate the impact on traffic

~ during data collection activities,
and eliminate the associated bias

- created. ;

3. This equipment will improve the
data collected by allowing for
continuous collection of classifi-
cation data, seven day collection

- of WIM data on an annual basis,

- the collection of data during
week ends and holidays, and
the ability to remotely repro-
gram and operate permanent
traffic recorders.

4. The use of multi-program instal-
lations will improve the accuracy
and value of the data collected

- by retrieving classification and
WIM data in the same highway

- sections, making them directly
relatable.

5. This proposal will satisfy FHWA
directives by implementing auto-
matic traffic recorders for perma-

-nent data collection sites and
eliminating duplication of data
collection efforts.

6. The implementation of this pro-
posal will provide training and
experience for our field person-
nel which will make them more
productive and valuable for the

~future data collection needs of

" the Department.

7. The implementation of this pro-

" posal would allow the Depart-
ment to expand the data
~ collection for the Speed Program
-and management areas of ISTEA
- while minimizing the need to
hire and equip additional field
- personnel. '

‘The many advantages and improve-

ments to the AHTD’s data collec- -
tion efforts are apparent. However,
the primary justification of this pro-
posal is to demonstrate how the
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: conib"rﬁ_ation of multiple ongoing

data collection programs can be
achieved in an efficient cost ef-
fective manner to meet the future

‘needs of the states and FHWA. It

will demonstrate how existing state
personnel can be made available
for other data collection needs cre-

ated by ISTEA by making the De- -

partment and its’ personnel more

- productive. Nationwide, this may

be the first state wide effort to
streamline entire data coNeCt:on‘

programs by making maximum use

of the existing data collection pro-

~ gram sites rather than proliferating
~ data collection sites across the -

states for each mdependent pro-
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‘gram. It may also be the first at-

tempt to make radical improve-

‘ments in the overall quality of

different types of data by making
traffic count, vehicle classifica-
tion, axle weight, and speed data
all relate to the same highway
segments. It definitely. demon-
strates the ability to maximize the
cost effectiveness and efficiency of
modern data collection equipment

by making each installation serve
the needs of multiple data collec-

tion programs, rather than invest in’
different kinds of data collection
equipment and/or labor intensive
portable equipment to be used at
scattered locations over the state.
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~  FIGURE 1
Arkansas Current Traffic Data Collection Programs
onp !

Existing Data Collection Program
Weigh-In-Motion

First Year ()
Second Year @
Third Year
Automatic Tratfic Recorders
: Quarterly Class.
| Annual Class.
e Speed Monitoring
o Quartety @@

Annual ()
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. FIGURE 2
Arkansas Proposed Traffic Data Collection Plan

Future Highway Data Collection Program
Consolidated Multipurpose Sites

@ Rural Collection Station
@  Urban Collection Station
@ Co-located Speed Site







"mg

BRINGING PIEZOELECTRIC WEIGH-IN-MOTION ON-LINE AT

LTPP SITES IN CONNECTICUT

Ms. Anne-Marie H. McDonnell
Connecticut DOT

Presented at
National Traffic Data Acquisition Conference
Rocky Hill, Connecticut

September 18-22, 1994

35




]

X
<.



ot

McDonnell
JBringing,Piezce}ectric‘Weigh-In—MqtiQn.On-Line At LTPP Sites In
' Connecticut

_ Anne-Marie H. McDonnell, P.E.
Connecticut Department of Transportation
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ABSTRACT

In 1991 a research project was undertaken-in‘Connecticut to determine
the durability and accuracy of piezo—electric~weigh-in—motion sensors.
The project;included'thé installation and continuous collection of data

‘at ‘four permanent sites at the SHRP-LTPP sites. This paper describes:

the procedures followed in the study and the findings over the first
three years of investigation. ‘This report is intended for other states
that are planning to install or have already installed similar systems:

INTRODUCTION

In 1991 piezoelectric weigh-in-motion (WIM) systems were installed at
the four Strategic Highway Research Program - Long Term Pavement
Performance Experiment (SHRP-LTPP) sites in Connecticut. A SP&R study
was initiated to monitor the systems. This paper describes the
findings, ‘including: a description of the test sites and
instrumentation; calibrations that have been conducted at the four
sites; and the tracking of the data as it has been gathered. It
concludes with the concerns and issues for future data analysis and data

collection. :

SITE DESCRIPTIONS

There arée four SHRP-LTPP sites in Connecticut, as shown in Figure 1.
They were selected by SHRP staff from twenty-eight candidate areas for
inclusion in the Long Term Pavement Performance Experiment. The sites
dre located in the towns of Manchester, Vernon, Glastonbury and Groton.
The pavement structure differs at each site.

CONNECTICUT LTPP SITE
LOCATIONS

/* VERNON
¥ MANCHESTER
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The Manchester site (SHRP I.D. 094008) ‘is located on theé westbound
direction of Interstate-84. At this location, I-84 is a six-lane
divided facility with long ramps that service adjacent commercial
developments both north and south of the test area. The average daily
traffic is approximately 37,400 vehicles per day and 10 percent trucks.
All three lanes of the portland cement concrete pavement are
instrumented with piezoelectric sensors.

Five exits east (6.53 mi) of the Manchester site on I-84 is the
-Vernon site (SHRP I.D. 095001). This 8-in. continuously reinforced
concrete pavement section is a six-lane divided facility with an average
daily traffic of approx1mately 33,400 vehicles per day and 10% trucks.
This site is also in the westbound direction and carries much of the
same through traffic as the Manchester site. ,

The Glastonbury site (SHRP I.D. 094020) is located on Route 2,
westbound constructed in a 3-in. asphalt.overlay on an 8-in. portland -
cement concrete pavement. The average daily traffic is approximately
17,200 vehicles per day with 6 percent trucks. Both westbound lanes of
the four-lane divided highway ‘are instrumented.

The fourth site is on the northbound direction of Route 117 in
Groton (SHRP I.D. 091803). Connecticut Route 117 is a two-lane, two-way
roadway with an average daily traffic of 5,000 vehicles per day and 4
percent trucks. - The northbound lane of this site is also instrumented
for the FHWA/LTPP seasonal monitoring- experiment.

Each site is equipped with a controller cabinet to house the
necessary hardware. The hardware includes: a customized 386 computer
and monitor, a battery back-up, and 9600 baud modem. ' Each cabinet is
furnished with electrical and telephone services. Continuous data is
collected at all four sites. The systems are autopolled via modem and
data are downloaded weekly at night to our central data acquisition
office in Rocky Hill, CT.

The installation locations were fixed by proximity to the SHRP
test sites. Essentially, the WIM placement complies with the ASTM
criteria, with two notable exceptions: roughness and distance from
structures.  Specific site placement areas were selected to minimize
pavement: roughness: The contractor was not required to smooth or in any
other way change the pavement surface. And of course, roughness changes
as a function of time. Regarding proximity to structures, we were
limited and could not comply with ASTM site selection guidelines due to
the age and geometry of Connecticut’s highway system, adjacent
developments, and the need for access.

INITIAL SYSTEM SET-UP

During the system installation the contractor established initial values
for factors required by the software algorithms. Specific factors were
input for: weight calibration, threshold values, temperature
compensation curve, and the classification scheme. The initial weight
calibration factor was determined by using a “classic” class-9 vehicle.
The process to determine the factor was to: conduct five passes with one
five-axle semi-trailer of known weight per lane; compute the mean and
adjust the system to measure within 5-10 percent of the static weight;
and conduct five additional passes. Vehicle speeds were checked using a
radar gun and found to be within 1 mph. The threshold values were input
based on the contractor’s experience. The temperature compensation
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curve was. set at .a constant value and left on its own' to develop over
time. :

‘The. cla551f1catlon scheme used by the Federal Highway
Administration (Reference 3), describes vehicle types qualltatlvely
In order to use the FHWA Classification Scheme in a automated system,
quantitative descriptors need to be assigned to each classification
type. Because a’ natlanal quantltatlve classlflcatlon scheme does not
exist, the assignment, or 1nterpretat10n of the classification types is
left up to the individual contractors. At ‘thHe time of installation, the
contractor input their qualltatlve interpretation of the vehicle types
in the software.

CLASSIFICATION VERIFICATION

To establlsh and check the cla351f1catlon scheme, trafflc was v1deotaped
from within a vehicle parked alongside the road at: ‘each site. The
traffic was videotaped for a two hour period. Manual counts and
classifications were also gathered 'The three colints. collected( i.e.
v1deotaped, manual from field, and WIM output). were compared The
counts were taken at peak and non~peak traffic hours. - This led to
several adjustments which improved, but did not correct, both the
classlflcatlon scheme' and the linking of vehicles together.

WEIGHT CAtIBRATION PROCESS

To validate the data collection at the test sites, the manufacturer’s
guidelines were chosen. This entailed the running of a fully loaded
five-axle vehicle 5-10 passes and adjusting the calibration factor
accordingly. For addltlonal testing purposes, other test vehicles of
known weight are run on the three divided highway sites. Specifically,
an FHWA class-5, i.e., two-axle state dump truck, and an FHWA class-8,
i.e., four-axle flatbed truck, loaded with jersey barriers are used
(Classificdation Reference, 3). The vehlcles are operated at the speed
limit at all sites. SN

After the first calibration, an additional class-9 vehicle was
hired to expedite the calibration process. 1In addition to enabling the
calibration to be conducted in one day at each site, the extra truck
provides data to determine vehicle- spec1f1c propertles

CALIBRATIONS APRIL 1992/ SEPTEMBER 1992

From the first two calibrations, it became apparent that vehicle
weights were being measured to be approximately 16 percent higher each
visit from the previous setting, as shown in Figure 2. ' This weight
drifting led to the examination of the autocalibration (software data
validation method) of the system. It was found that the systems were
assuming front axle weight ranges. When = compared to a small weight
sample collected by the state police from an enforcement weigh station,
the assumed weights were determined to be too high. The assumed values
were reduced and consequently the amount of we1ght drifting was
minimized.

These findings lead to the question, “Can software camouflage data
by matching it to assumed weights?” To minimize the possibility of this
happening, periodic updates need to be conducted to check the physical
truck qualities of each particular traffic stream or regional traffic
streams. -An example of this is the newer class-9 trucks that have a
longer or “spread” front axle in compariSOn to the “classic class-9”
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truck. During our most recent calibration (May 1994), the spread front
axle truck measured lower at all sites than the classic conflguratlcn.
Further investigation is requlred to determine if thlS is the -result of
the dlfferent axle conflguratlon

CHANGES TO WEIGHT
CALIBRATION FACTORS

IN PERCENT (%)

% CHANGE

ESAPRIL 92 INCREASE
WEAPRIL 92 DECREASE
¥BSEPT 92 DECREASE

30
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20

15
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5

[ tanE1 1 22 1.1 : 1.1 2233 1 2
SITE: ROUTE2 ROUTE 117 -84 MAN I-84 VER

FIGURE 2: CALIBRATIONS APRIL 1992/SEPT 1992

SIGNAL OUTPUT

During the January 1993 calibration, vehicle welghts were found to be
two times expected values. “Ghost axles”, or axles that appear in the
records but are seen to not exist, were observed. In order to diagnose
these problems, we inspected the signal outputs. It became apparent
that during colder temperatures, the signal became stronger, exceeding
the allowable range, causing extraneous noise. The effect observed was
much like the effect of “maxing out” an amplifier on a stereo. Figure 3
demonstrates how the signal reflects from the boundary. By physically
reducing the resistors, the signal size was reduced. It is important to
check the signal output and not just the software output to determine
the clarity and consistency of the signal being produced.

SIGNAL OUTPUT
‘5-AXLESEM|
]10.0000 | [ I | f
Volta
Wdu»_n_
-10.0000 |  ; i
mmm)‘Tne@mamdﬂ -60000

FIGURE 3 EXAMPLE SIGNAL OUTPUT
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TEMPERATURE DEPENDENCE

Temperature dependence is an 1nherent quallty of plezoelectrlc cable.

During calibrations, it was found.that as the day :would progress,. the

weights would. leap as a function of the temperature compensation curve
The result was that we would be chasing the vehicle weight outputs. At
the Manchester site, the values remain more consistent. This may be
because at that partlcular site, the sensors are sheltered by an
overpass and therefore the temperature changes are more gradual.

To track the temperature dependence, the temperature curves ‘are
plotted. - As shown in Figure 4,;steep peaks are evident at the Vernon
site curve when plotted. Small' changes in temperature can translate
into large changes in the autocalibration factor. These large changes
in the factor directly influence the weights produced. Initially, we
‘considered that the large peaks were caused by an insufficient sample
collected for the particular temperature, however, Figure 4 represents
data after three years of operatlon.

“TEMPERATURE VS |
AUTOCALIBRATION FACTOR

Vernon Slte

3500 —
3000 |-

2500 |-
2000 |
1500/
~1000;
- 500}

SCALING FACTOR

o oy |
-50 -25 "0 25 50 75 100 125150 175200
TEMPERATURE o F)

g T » :
FIGURE‘4' VERNON AUTOCALIBRATIQN EACTOR MAY 1994

Comparlng*Flgure 4 and Flgure 5, a dlfference is seen in the
temperature curve at the Vernon site changes between September 1993 and
May 1994. Looking at Figure 5, the high speed lane does not have a
large enough sample because it is illegal for trucks to travel in this
lane in Connecticut. The ability to designate a best-fit temperature
curve has been discussed with the contractor. What the “best -fit”
curve should be and ‘how to designate it in the software need to be
determined.. s .

The 'temperature curve from the Glastonbury site is shown in Figure

6. Comparing Figure 6 with Figures 4 and 5 it can be seen that the~,
temperature curve is both site and lane specific.
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| TEMPERATURE VS |
AUTOCALIBRATION FACTOR

Vernon Site
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September 16, 1993
FIGURE 5: VERNON AUTOCALIBRATION FACTOR SEPTEMBER 1993

TEMPERATURE VS
AUTOCALIBRATION FACTOR
Glastonbury Site
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FIGURE 6: GLASTONBURY AUTOCALIBRATION FACTOR MAY 1994

May 23, 1994

DATA CHECKS

The incoming data is checked for : 1) vehicles classified as errors; 2)
unclassified vehicles; 3) the distribution of gross vehicle weights -

~ (GVW) and; 4) the distribution of front axle weights. By checking these
items, valuable observations have been made

The number of ‘'vehicles classified as errors is not negligible. - In
fact, as many a 70 percent errors have ‘been recorded in one lane. 'As
shown in Figure 7, there is a seasonal relationship. This is found to
be the case at all sites. We have attempted to justify these
occurrences by correlating them to storm activity. Snow storms appear
to be a plausible reason, as a result of vehicle tracking. It was found
that some, however not all of the days correlate to this explanation.

It was also found that there may be a relationship between a high number
of errors and wind speed. 1In addition, an inverse relationship between

42




e

McDonnell T

the number of erroneous vehlcles and the number of uncla551f1ed vehlcles
is observed. : o

Tracklng of the GVW, as described by Mr. Curtis Dahlin and Mr
Mark Novak of Minnesota (Reference 2) is also conducted. Definite
repeatability has been found at the Manchester site, as shown in Figure
8. The other sites do not display the same degree of correlatlon. The
data from the Vernon site, just upstream from the Manchester site is
similar but not as con51stent as the Manchester site data, as shown in
Figure 9. Note: A higher number: of empty class-9 vehicles register at
these sites. Class 9 vehicle dlstrlbutlons are found to be site
dependent.

The Groton site data hOWever does not lend 1tself to this sampllng
procedure. As shown in Figure 10, either three months of data is?#
insufficient or a pattern does not exist. The volumes indicated in
Figure 8, 9 and 10 refer to, in chronological order, the number of
class-9 vehlcles durlng the tlme perlods 1nd1cated

ERROR COMPARISON

Groton Site:
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FIGURE 7 RECORDED ERBORS OVER TIME AT GROTON '
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FIGURE 8: SAMPLE WEIGHT DISTRIBUTION - MANCHESTER
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FIGURE 9: SAMPLE WEIGHT DISTRIBUTION - VERNON
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FIGURE 10: SAMPLE WEIGHT DISTRIBUTION - GROTON

MECHANICAL FAILURES

During the three years in operation, four hard drives and one loop have
failed. The loop failure was due to a poor installation. Three of the
four hard-drive failures have been at the Glastonbury site. At this
site the cabinet is more exposed to the elements than at the other
sites. Although the cabinet is equipped with a small fan and heater, it
is not enough: for the harsh field conditions. While not all sites or
regions of the country facilitate reducing the cabinet exposure, if the
choice exists, it is recommended to place the cabinet as to reduce harsh
field condltlons. :

Electronic hard-drives are now under consideration to minimize the
hard-drive failure rate. Electronic hard-drives mre more expensive and
have limited capacity, but have been successfully used for WIM systems
in France. i
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OPERATING COSTS

When cons1der1ng the installation.of piezoelectric versus other types of
WIM systems, all costs need to .be considered. A comprehensive list of
items when determining costs should include: 1) training of personnel;
2) system calibration and maintenance; 3) estimated life of system; 4)
data collection and analysis; and of course, 5) the quality of data. 1In
anticipation of calibration and maintenance costs a contingency fund was
created. We have had to use this fund every year. In addition to data
collection and: analy31s, money should be allocated to cover. ‘the time.
required to properly analyze the data. Two key issues are involved in
the cost of collecting quality data: first, the cost of collecting poor
data to the Department and secondly, the direct cost required to: collect
better quallty data. ,

CONCLUSIONS

In conclu51on we have increased our understanding of these systems.»
Many issues have been raised that need to be addressed by the industry
and users. Specifically, some of the issues include:

e The need to establish a National quantltatlve classification .
scheme for automated systems;

Direct examination if the piezoelectric signal output;

Checking traffic stream‘characteristics and' comparing to
software-based assumptions;

Plottlng and tracklng of data as it is collected;

Identification of er:oneous ‘vehicle volumes and causes;

Reduction of mechanical hard-drive failures.

' The accuracy of data collected by piezoelectric weigh-in-motion
systems must be monitored. Fluctuations in accuracy can be site, lane,
and seasonally dependent. Any agency installing systems needs to
allocate appropriate funding and personnel time to track and maintain
data quality. Data collectors need and must provide quality data to the
broad spectrum of users. Governmental agencies and private industries
need to work together to overcome the obstacles and to provide reliable

. .data.
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SUPPLEMENTARY NOTES

Prepared in cooperation with' the U.S. Department, Fede:al*HighWay‘
Administration. : ‘ R , :

DISCLAIMER

The contents of this report reflect the views of the author who is
responsible for the facts and accuracy of the data presented herein.
The contents do not necessarily reflect the official views or policies
of the Connecticut Department of Transportation or the United States
Government. The report does not constitute a standard, specification or
regulation. R

The U.S. Government and the Connecticut Department of
- Transportation do not endorse products or manufacturers.
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Calibration and Auto-Calibration
: -of Weigh in Motion Equipment
Under Theoretrcal and Actual Fleld Conditions

| by
- Douglas Terhune -
nghway Data Supervisor

~We|gh ln motron (WIM) data |s mcreas:ngty used by state and federal transportatlon
oftzcrals Ensunng that W M equrpment is operatlng properly and that the resulting WIM ..
data is accurate is a source of ongorng ccncem to the hlghway oﬁrcrals responsrble for .
collectmg the data i

Types cf WlM Equrpment - [VlEWGFlAPH] There are several major types of wetgh tn, ,
motron (WlM) equipment, mcludmg bending plate piezoelectric, hydraullc load cell,
capacitive strip, capacitive pad, and bridge WIM. Since 1986, the Alaska DOT Hrghway

Data Section (HDS) has examlned all of these WIM types in various conflguratlons The
two types whrch 1 W|ll address ln detall are the Bendlng Plate WlM and the Plezoelectnc,ﬁ
WlM however much ot the matenal can also be applred to any type of WlM |

Operatlonal Charactenstrcs [Vl EWG RAPH] The operat:onal charactenstrcs of bendlng .
plates and ptezoelectnc sensors are drssxmllar Bendmg plates rely upon straln gauges
meunted wrthm the plates to wergh the axles of passmg vehlcles An electncal srgnal .s_;
« ‘the strain gauges from roadslde electronics. Passage of a vehrcle causes
deflectlorr‘ of the plate, the actlon of the embedded stram gauges results m a change to .
the electncal S|gnal Wthh IS then mterpreted by the electronlcs |

By contrast, piezoelectric sensors actually produce electric current; kinetic force. from the_‘ 3
axles of passing vehicles results ina DC srgnal whzch is rcughly pmportlonal to the force
of the axlfe on the senser In both types of WlM analog srgnals from the WlM sensors .
are conVerted to dtgttal pulses for mterpretatlon by the electronrcs e

WIM Conftguratlon - [VlEWGFlAPH] In aII cases WlM equxpment rs trlggered by an:
Ieadlng mductlve loop, whtch remarns actlvated as long asa vehtcle lS in the magnetlct

field. Two separate sensors are needed to determine the speed of the vehlcle elther a .

'second inductive loop, or a bending plate and another axle sensor, or dual prezoelectnc
sensors. The time between activations of the two sensors, together with the known .
distance between the sensors, is used to calculate the speed of the vehicle (distance
dw:ded by trme equals speed) The calculated speed and the measured tlme between .
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axle hits on the WIM sensors is used to back~calculate the spacing between axles (speed

multiplied by time equals drstance) As long as the leading loop is activated, all axles are
 assigned to an individual vehicle. The number of axles, the spacing between the axles,
and the weight of each axle, are used to classify the vehicle.

Theory of Operation - [VIEWGRAPH] WIM equipment attempts to interpret signals from
the sensors, reduce all the affects of dynamic forces to a few variables, and back-
calculate to a close approxrmatron of what the weight of an axle would be at reston a
static scale. The equipment attempts to ignore all the rndrvrdual dynamic forces, such as
~the horsepower produced by combustion in the engine; friction affects, suspensron
~systems, etc. The resultant force is assumed to be directed perpendicular to the
pavement, opposite the force of gravity, and therefore can represent the weight of the
vehicle. Consrderable debate has been generated as to whether this is a reasonable or
desrrable goal.

,Uses of WIM Inforrnatron - VI EWGRAPH] Except ina few research situations, WIM
data is not collected wnthout an intended use. Individual vehrcle or axle weights are
seldom needed; the servsceabrhty of WIM systems and WIM data should be evaluated
within the context ofa larger program goal. The intended use of the information affects
all aSpects of the WIM program including the quantity and quality of data needed, the
type of equlpment required, the number and location of data collection srtes the type of
vehicles to be weighed, the measurement accuracy of the equrpment the stattsttcat
accuracy of the overall program the amount of analysis to be performed, and the types
of reports to be generated All of these factors determine the amount of resources
including money and time of skilled staff, which can be justified to support the program.

[VlEWGRAPH] lnformatron from processed raw WIM data is used for pavement design,

bridge desrgn and in support of weight enforcement activities; the resulting information
is also available for general research purposes such as in the Strategic nghway
Research Program (SHRP). In Alaska, the primary use of the WIM tnformatron has been
defined as pavement design. Development of Equivalent Single Axle Loads (ESALs) is
used to define evaluation criteria for WIM systems. This clearly defined goal has been
used to gurde development of the program and has helped to resolve many theoretrcalg
and operatronal issues. |

‘Dual Process Data Collection Program - [VIEWGF{APH] The nghway Data Sectron“'
has employed the paradrgm of the traffic volume program in developmg an mtegrated
vehicle classification and welght program relyrng on Automated Vehicle Classification
(AVC) and WIM equipment. The traffic volume program is designed to produce accurate
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Annual Average Daily Traffic (AADT) figures over most of the road network Individual
dally, weekly or. month!y average traffic volumes may vary widely at the same Iocatronu u
throughout the year. Generatlon of AADT figures normalizes the data to enable
meaningful comparisons of the same type of information from different locations, collected
with different methods at different times.

~ The trafticvolurne’paradigm,,reties ona dual process data coltectio'n program, §°ﬂ$i3ﬁh9a

of a small number of continuous count stations and a much larger number of short-term
counts. Data from the permanent traffic recorder (PTR) stations is processed to yield

easonal varra’uon factors (SVF) Short-term counts are associated with PTR(s) thhk ;
srmrlar seasonal charactenstxcs The data trom the short-term counts is expanded to,
AADTs usrng the SVFs from the assocrated PTRs ‘

The HDS AVC/W%M program |s srmrlar in that we employ both contrnuous and short-term .
data collectlon However. the contrnuous data collectlon sites collect. erther vehrcleu
classification data or class and werght data but the short-term counts couect only vehrcle u
classification data. After years of work we have had no success in cotlectrng accurate

- WIM data with portable equrpment Portable WIMi is not an element in our data collection

program A slgnrﬁcant factor whrch enables us to substltute Iow-cost class data for

“expenswe werght data rs the classlfcatson scheme used to sort vehrcles rnto the 13

vehreles categones 1dentrﬁed in FHWA Scheme F. Thns wrll be dnscussed in more detarl»
later, but it is rmportant to note here that the HDS appircatlon of thlS procedure rs onented
toward rdentrfrcatron of vehicle types with similar ESAL characteristics.

Factors that Affect Accuracy and Calrbratron - [VIEWGRAPH] In our experlence, just
about everything about the AVCNVIM program affects the accuracy of the data, either

~ drrectly or mdrrectly The cumulative result of all of these effects. great and small, is most

evrdent dunng the calrbratron process in the larger context the number and general
charactenshcs of the srte aitect the overatl program level, or network Ievel accuracy, or

~ potential accuracy, of the mformatron Specrfic site selectron, lnstallatron, commrssromng,

on-going operation, data retrieval, and subsequent data processing also have direct
rmpacts on. the accuracy of the resuttrng information. A cascade affect is evident;
deczsL ‘s ade early in the program wrll have rncreasrng effects erther as the program

: develops ora as the data is processed Although most errors can be cornpensated for

later, subsequent compensation becomes mcreasrngly more difficult.

The three elements discussed above; that is. hdw, the fequipment_operates, what it is
attempting to simulate, and how the processed information will be used; must be
continuously referred to when examining site selection, operational characteristics, and
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autocalibration. Careful attention to elements of site setectlon rnstatlatron qualrty and:
general workmanship can minimize the number and type of extraneous operatlonal factors
whrch must be compensated for dunng operation and calibration.

Site Selection - [VIEWGRAPH] An important goal in initial site selection is to minimize
affects that must be compensated for and offset later. There are elements here that
reappear agam under day-to-day operatron of the equrpment

Significant factors to be considered in site selection' are the approach roughness, the
amount of pavement rutting, presence of horizontal or vertical curves, the constancy of
the speed of the vehicles, and lane discipline. All elements should be anatyzed from the
standpoint of the affect on the dynamics of the vehicles. Other design factors include the
type and thickness of pavement in which the sensors are installed, the composmon
layering, porosity and compaction of the base and sub—grade and the typrcal saturation
levels at the site. All of these elements interact and affect the accuracy of the system
partrcu!arly the temperature sensitivity of piezoelectric WIM sensors.

Installation Methods - [VlEWGFtAPH] The quality of the initial installation and
commissioning has profound effects on subsequent calibration and day-to-day operations.
The types of materials used, ‘such as the type of plezoelectnc sensor, and the type of
epoxy used for installation, can mean the drtference between consrstent error free data
or continual marntenance problems. :

Just a few examples of mstaltatron techmques whrch can rmprove operatronal rehabrtrty |
and data accuracy are : ‘

Proper foundations for the sensors are critical. We usually thicken the pavement
~ section in the vicinity of the WIM sensors. Bending plates should be installed in
concrete pavement sections. We've looked into vaults but are very skeptrcal

~ because of problems with wheel ruttrng and differential settiing.

When constructing the cavity for the sensors, careful "p'reparation is essential. We
~ sawcut the cavities, then powerwash, and thoroughly dry with air and heat prtor to
' embedment to avord cracks and breakout.

Bury the piezo sensor in epoxy below the pavement surface especratly if there is
o srgnrﬁcant wheel ruts at the srte » ’
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~ The type of epoxy used for installation is very |mportant. Dont assume that the
v vendor wrll provrde the optrmum for your situation.

If the pavement is too cool, we use a tent and Space heaters. Always protect from
- rain during installation and curing. ' S

o Provrde stram rellef on coaxlal cables at connectlons to plezoelectnc sensors We
use plumbers putty to form an epoxy-free cavrty at the end of the sensor, which
is filled with flexlble mductlve loop sealant all cables are run in underground

‘ ‘condwt

~ Avoid splices in wiring, but if splices are made, always solder all connections and
~ completely encase in splice kits. Never run sensor wiring in same conduit with
| }hrgher voltages (1 20/240/480) Provude weep holes at the. low pomts of all conduit,
with properly srzed drain rock below to avoud damage or failure from ice in
conduits. '

o Dunng comrmssronmg and subsequent operatlon systematrcally and penodlcally
- ;check the signal strength of all sensors; we have had to modify nearly all of our
'WIM units at the hardware level by changmg resrstors or shunts, to ensure that
input signals are within a range that the equipment can process. Examples of out-
, ‘of-range srgnals include clipping, droppmg below minimum. thresholds or low

, srgnal-to-norse ratlo |

" Most of thls 1s obvrous to those who are familiar with the equrpment but apparently is not

to contractors and construction personnel

Evaluation Criteria - As mentioned, evaluation of the adequacy of the equipment begins

~ with a clear definition of the intended use of the resultant information from the entire

program ‘We have performed a number of actrvrtres to develop evaluatlon crltena for the
WIM program, ranging from literature review, attendance at conferences, extenswe field

~ evaluation of multlple systems, and operatlon of models and srmulatlons based on theory
,and local ﬁeld expenence

 WIM Simulation Model - [leWGRAeH] One of the methods used to determine the

required program accuracy was use of a WIM simulation model to generate several types

~ of errors in the weight data, and subsequent use of this information in simulations of the
pavement desrgn process for a number of representatrve hrghway projects.  This

sensitivity analysis provided a real-world example of the relatlonshrp between the various
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" pieces of equipment, the comprehensrve data coltect:on program, the affects on highway
design projects, and some idea of the potential benefits and costs to the Department of
various implementations. To briefly recap the process; -

[VIEWGRAPH] The computer model used a series of 1000 trucks of FHWA
Scheme F classes 5, 6 and 9. These vehicle types compnse a large proportion
of the dessgn loads for Alaskan roads

" As a worst-case scenario, and to simplify the ca!culations’, we assumed that all of
the vehicles were loaded to legal maximums on all axle groups. The model data
_ represented the axle weight measurements of the 1000 .trucks. =

~ We mtroduced two types of error into the WIM measurements In all srmulatrons
the WtM measurements were normally drstnbuted about the mean. This
‘represented what our experience confirmed in the field.

- We varied the standard deviation of the WIM measurements. A small standard

' devratron mdrcates that the equrpment more frequently measures the axle weights
with only a small error, that is, most of the WIM readmgs are very close to the
correspondlng werghts measured at a static scale '

‘We computed the equivalent single axle loads (ESALs) from the WIM
measurements, and from the corresponding static scale weights and compared the
two. Obvrously, the ESALs computed from light WIM measurements were low
when compared to the static weights, and the ESALs from the heavy ‘WIM
measurements were high.

However, the relationship hetween axle werght and ESAL is non- I;near The
’ equatron used by the Department whrch makes some srmphfymg assumptions, is
‘ exponentlal to the 4.6 power.

~ [VIEWGRAPH] As a result, axle weights that are measured as heavy have an
exaggerated error. In our model, the error in ESALs from ‘light vehicles and
’heavy vehicles does not cancel out; the cumulative ESAL value is exaggerated

| ‘by the axles which are measured as ’heavy’

This exaggerated error is greater when the drstnbutlon about the mean has a large
‘standard devratlon If all the WIM axle measurements are close to the statrc
weights, the error is minimized.
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Up to this point, the mean of the WIM measurements and the mean of the

e ]correspondmg statlc werghts has been assumed to be the same. Thrs situation

) ; would occur when the WIM equrpment is properly calrbrated A hlgh standard

o \devratron in the WIM measurements would correspond to a poorly-desrgned WIM
- system that just doesn’t measure trucks very consrstently

[VlEWGFlAPH] We next mtroduced another type of error where the mean of the

WIM measurements was skewed hrgher or lower than the mean of the static

~_ weights. This would correspond to a situation where the WIM system was not
‘_‘properly calrbrated ' ‘

: , kln thrs case, the error ln ESALs calculated from WlM measurements that were too
r hrgh is even more. exaggerated Agam lhe exponentral relatronshrp between
weights and ESALs operates to exaggerate the measurement errors. ‘

o [VlEWGFtAPH} We slmulated vanous combmatrons of the two types of
Ameasurement error. . ln some.cases the errors can cancel out. For example, this
can occur when a normally accurate WIM unlt wrth small standard deviation is
configured to measure axies somewhat light. The WIM measurement mean will
be lighter than the static weight mean. In other cases the errors. reinforce each
~other to produce even larger errors in ESAL calculatrons This can oceur when a
poorly-desrgned WlM unit wrth a Iarge standard devratron |s contrgured to measu re
- axies much too heavy The mean of the WlM measurements will be heavier than
~ the statlc welght mean. |

Affects of WIM Measurement Errors on Local Pavement Design - [VIEWGRAPH] The

 ESALs computed from the WIM model were than used in a series of pavement designs

~ for drfferent hrghway prorects in Alaska We were rnterested in. what amount of error in

 the WlM systems would result in srgnrf cant under- or over-desrgn of pavements For

, "exampte, what error or combrnatron of errors in the WlM measurements would result in
a pavement desrgn that was 1" too thrck‘?

’ [VlEWGRAPH] Brreﬂy, the cumulative 10- or 20-year ESALs are estlmated for the subject

', road sectron Many hrghway projects in Alaska are required not because of structural

failure, where the pavement has exceeded the design life and suffers from alligator cracks

, and potholes lnstead the pro;ect rs needed because of functronal or operatronal failure,

where the road suffers from serious wheel ruttrng or capacrty constrarnts
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* For rehabilitation projects on the same allgnment a pavement overlay is usually

- performed. In urban areas with curbs and gutters, the existing pavement is usualty roto-
‘milled to level the wheel ruts, while in rural areas a thin leveling course is applled to level
" the ruts prior to overlay. A falling weight deﬂectometer (FWD) is used to measure the
remaining life in the existing pavement. The cumulative estimated ESALSs are reduced
- by amount of load carrying capacity in the existing pavement, and the overlay is designed

“ to carry the remamder of the cumulatnve estnmated ESALs

" We found that it 'iS‘standard practice to design no less than a minimum 2° overfay. In

many cases, the low cumulative ESALs and remaining pavement life resulted in a
required pavement overlay that was less than 2 inches thick. .Under actual conditions,

it required a large error in the WIM systems to force the pavement desxgn over the 2"

- threshold. The possibility of errors this large occurs mostly in the urbanized areas.

‘As a consequence of this and other factors, we have concentrated our WIM installations
in and around the areas with high potentlal for expensrve pavement design errors. We
" are aware of the bias which this mtroduces into the random sampling methodology of the
'FHWA Trafﬁc Momtonng Gutde (T MG)

Classification Methodology - [VIEWGRAPH] Ancther very significant resuit of our

' analysis of the sensitivity of pavement des:gn to the measurement accuracy of the WIM
- systems was recogmt:on of the rmportance of the methodology used to classify vehicles.

“Under our program, the accuracy of the vehicle classification process has as large an
impact on the usefulness of the data as the measurement accuracy of the WIM systems,
in terms of the cost or beneﬁt to the Department.

“Accuracy Standards - [VtEWGFtAPH] It has been our expenence that equipment

- vendors, partrcularly of WIM systems cannot define the accuracy of their equrpment in

exact terms. For example, we have heard accuracy claims of a certain percent or
“number of pounds of gross vehicle weight (GVW), such as "within ﬁve% or "within 300
pounds®, or a certain percent or number of pounds for each individual axle. Sometimes
a specific vehicle speed range, ambient air temperature or pavement temperature range,
~or certain vehicle’ type or types are mentioned. Sometimes the accuracy figures are
quoted as if to apply to each vehicle measured, or to a stated portion of a number of
vehicles. Over the years, we have heard accuracy claims for any combtnatlon of all of
‘the above from different vendors, or from different representatives of the same vendor
or even from the same representative at different times.
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[VIEWGRAPH] HDS has developed an accuracy specification, grounded in statistics, and
expressed in terms: of precision and confidence interval. . Acceptance testing and
calibration requires the use of three types of vehicles, representing FHWA Scheme F
classes 5, 6 and 9. The class 5 represents a heavy delivery vehicle or recreational
vehicle, both of which comprise a large portion of the truck traffic in Alaska, particularly
during the summer touristyseason. The class 6 represents a 3-axle, 10-wheel dump
truck. The class 9 is a standard 5-axle, 18-wheel tractor semi-trailer. On 'some Alaskan
routes, research indicates that we should also include a class 13, double- or triple-trailer
combination vehicle, but these units are very difficult and expensive to use as test

- vehicles. The types of vehicles were selected after analyzing weighstation data and

numerous classification counts. We also performed a large-scale AVC/WIM equipment
test where we installed and tested a dozen different types of AVC and WIM equipment
at two locatrons m Alaska.

The ESALs for each vehrc!e type and the number of vehlcles of each type combine to
produce most of the pavement loads over most Alaskan roads. Based on the results of
the equrpment test, on the sensitivity analysis and on our assessment of the operational
accuracy of the equipment when first calibrated and over time, we‘de’veloped‘ accuracy
standards with a precision of 10% for GVW, 12% for axle groups, and 94% confidence
mtervals P'll give more detail under the section on initial commrssronmg and cahbr‘ation
on how this accuracy standard is ‘applied. ! e o

This accuracy standard is appropriate for Alaskan highways of highest interest to the
Department, and probably is not the best for all rnstal!atrons under all circumstances. A

similar analytroai procedure could be used to develop su'mlar standards for other areas

VehicleC‘Iassification [VIEWGRAPH] The vehicle claSsification procedure isa crmcal
element in the HDS program. - The-older, traditional definition .of vehicle classification
assumes a visual process, where profiles of representative examples is used to define
vehicles in each class.- Thrs process dates back to when most classification studies were
performed by mdrvrduals at the roadside, and is unsuitable for most classnf catlons studles
today whlch are performed by automated methods T LA

A new deﬁmtron of vehrcle ciassrﬁcatlon must be focused on the goals of the data
collection program to which it applies. In Alaska, the goal of the AVC/WIM program is
based on the needs of pavement design. Under this program, vehicles are grouped by
similar-ESAL chetaoter;iSti-:cs; ‘As described above, the basic criteria available to classify
vehicles under an automated system are the number and the spacing of axles of the
vehicles. Analysis of the data available from WIM equipment also provides the normally
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expected weight of the axles of each vehicle. From WIM data, the normally expected
minimum and maximum axle weights can be defined, although this may well conflict with
auto—cahbratlon process as discussed and explained later. : H

We contmue to expend a great deal of time and resources on developlng a set of
classification criteria which adheres as closely as possible to the FHWA Scheme F, yet
meets the State goals of grouping vehicles into categories based upon similar ESAL
characteristics. HDS does not save the individual vehicle data for classes 1 through 3,
encompassing automobiles and light trucks or pickups. -However, all unclassifiable
vehicles are saved for later study. The unclassified vehicles are periodically reviewed and
analyzed, and the classification scheme is adjusted as possible.

Currehtfy, HDS is émploying four different types of AVC/WIM units on a regular basis,
which classify vehicles. Under our program, it is necessary to- classify all vehicles with
similar ESAL characteristics into the categones useable for pavement desngn

Callbration and Auto-calibration Ovemew - [VIEWGRAPH] Next, | will give a short
description of the theory and assumptions underlying calibration and auto-calibration, the
procedures developed by WIM vendors to apply the theory, and the local appllcatlon and
refinement of theory and procedures, based on field experience.

All the vendors of WIM equipment have similar suggested procedures for initial calibration

of their respective systems. Basically, a vehicle of known weight is run over the sensors,

and a manual calibration factor is entered into the system to adjust the WIM
measurement until it approximates the weight from a static scale. The_se procedures
make a number of simplifying assumptions, either implicitly or exp!icitly; The procedures
assume that the correlation between inputs from the sensors and the actual weights is
linear, i.e., the weights are directly proportional to the sensor outputs, and that the linear
relationship holds not only for the range of weights being measured, but also for all
speeds, temperatures, and all types of vehicles. These assumptions are evident from the
fact that in earlier WIM equipment, no compensation factors were able to be introduced
for other aspects of calibration. A single manual calibration number was entered for each
lane. Some of the newer systems have-begun to include changeable parameters for
specific aspects of the process to convert a sensor signal to a WIM measurement.

Theoretical Auto-Calibration and Temperature Compensation Methods -
[VIEWGRAPH] Most autocalibration . theory in common usage relies on the detection and
accurate measurement of class 9 tractor semi-trailer vehicles. The average front axle
weights of class 9 vehicles remains fairly constant, over time and throughout the nation.
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‘We have speculated about this phenomenon, and suspect that reasons for this include
~ the facts that there are a limited number of heavy truck manufacturers; there are similar
‘pavement d:esiﬂgns and hence similar load restrictions nationwide; and there is a natural

standardization of vehicle types employed by the trucking industry to control operating
“and maintenance costs. Therefore, the essential element of WIM calibration theory is that
_throughout the data being collected, one frequent data element remains fairly constant,
‘and this constant can be used as an indicator of the accuracy for the remainder of the
data.” In other words, the mean front axle weight of class 9 vehicles is a relative constant

in the data, and can be used asa s:gnature to determme the operatlonal accuracy of the
“equipment. : g p Rl s

‘Application by WIM Manufacturers of the General Callbratton Theory - Each

manufacturer of WiM equipment have a different interpretation of the calibration theory,
and have developed different suggested proc'edUres for manual calibration and auto-
calibration. What follows is a very quick survey of the procedures used by different
manufacturers based on our experience -

IRD Cahbratlon and Autocalibration Procedures - [V!EWGRAPH]

For the initial commissioning, manual calibration numbers are user-input for each
sensor in the usual way, along with dynamic compensation factors for each lane.
The dynamic compensation factors allow the user to input a parameter which will
- cause the IRD software to increase the front axle weights by up to 10 percent.
This is an ‘attempt to deal with one: of the most serious dynamlc effects on the

- vehicles used for autocalibration. s R A

To deal with the effects of temperature on piezoelectric sensors, the autocalibration
~ software develops a temperature compensation (TC) factor for each 5 degree
Centigrade interval, (9 degrees Fahrenheit). The signal input from the piezo WIM
sensor is multiplied by both the manual calibration factor and the TC factor to yield
the WIM measurement weight. The autocalibration software uses a leaming
process for developing a look-up table containing the TC factors. The software
computes separate factors for each 5~degree C bin for each lane. Over time, the
~ unit will compare the measured front axie means with the user-defined expected
means, calculate the error between the two, and calculate new TC factcrs which
- will be used asa multxpher for subsequent measurements B

~IRD ;nOrmaItyf uses «the class 9 tractor semi—traiters in the traffic stream for
autocalibration. The weights of the class 9 vehicles detected during the calibration
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‘interval are sorted-into three GVW bins. The GVW bins are determined by two
USer-selectable upper and lower limits for the middle bin. in order to autocalibrate,
the software requires that there be vehicles measured in at least two of the three

- GVW bins.

Each of the three GVW bins is asSig-ne'd~ an expected mean front axle weight and
an acceptable accui'acy figure. The absolute error in the measured mean front
axle must be greater than- the acceptable accuracy for the unit to autocalibrate.

A temperature probe is mounted in the pavement, preferably adjacent to the piezo
sensors. The temperature at which the WIM measurement is made is stored as

a data element along with the axle weights and spacmgs

5 To use the vendor—supplied default parameters to calibrate the system, simply tum
on autocalibration and allow the system to develop site- and lane-specific TC
factors. In our experience, this process can take more than a full year. Optionally,
an initial set of TC factors may be keyed in. These factors correspond to a typical
TC curve developed by the vendor based on information from several state
hnghway agencles

PAT Calibration and Autocalibration Procedures - [VIEWGRAPH]

12

Manual calibration numbers are developed in the usual way, based on multiple .

passes with a test vehicle. Manual calibration numbers are entered for each lane,
for each of three speed bins. The inclusion of three speed bins as an attempt to
account for dynamic effects of moving vehicles. o :

- This review is based only on dur experience with PAT DAW 200 and DAW 100
~ bending plate WIM units. We do not have any PAT piezoelectric WIM units, and
are unfamiliar with any calibration procedures for these systems.

GK - Calibration and Autocalibration Pi'ocedures .

- The GK system was the smplest of those tested in 1990-91. Manual calibration
numbers are developed in the usual way, based on multiple passes with a test
vehicle. For autocalibration, a number of class 9 vehicles, for example 100, is
selected by the equipment from the traffic stream. The mean of the front axle

- weights is compared with a user-defined expected mean front axie welght and the
- manual calibration number-is modified. %
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Local Apphcatlon and Refinement of Theory and Procedures, Based on Field
; "Experrence [VIEWGRAPH] Detailed procedures were developed and documented in
~theformofa checklist for calibration and on-site maintenance. Other written forms were
also developed for use as worksheets and to record actions in the field. It became Clear
* that the smgle most lmportant aspect of achrevmg and marntarnrng accuracy frorn the
WIM equrpment was to develop wntten procedures and to document ‘what was bemg
~ done to the equtpment Even i, or especlally if the actions being taken were not
“achrevmg the desrred result, they should be clearly rden’ufred Changes should be in
~ written form, and some idea of the reasons for the changes even if the mprevements
" were speculatlve should be developed and shared with all members of the team '

“In our case, there were four people working with the equipment, both in the field and from
! 'the central office and the field operatlons shop via telemetry. Each person had a different
understandmg of how the equrpment and autocallbratron process worked in detail. Each
| , seemed to get separate pleces of information from various' equlpment vendors (WIM,

modems, software hardware) Each of us seemed to have drfferent experience with the
'equrpment whlch in turn shaped our understandmg of how the systems cperated Even
‘ “wrth perfect recatl there were so many things happenmg wrth the systems that it was
- dlffrcultto keep up wrth new developments Over a pericd of several years, as memories
faded, opportunities’ for confusion increased. Our rate of progress increased, and our
level of frustration decreased, after we beganto systematically document our experiences
‘and make the add’ ttonal eﬁort requrred to share all lnformatron between members of the
 team. :

" "Freld Condrtrons Inrtral Calibration - lnmal calibration appears very simple in theory,
- but qurckly becomes much more comphcated in practice. As | mentioned earlier, the
vendors appear reluctant to glve precxse accuracy standards Without knowmg what the
equrpment is capable of measuring, it is difficult to determine if optlmum accuracy has
been achieved at any point during calibration. In our initial naivete, we attempted to
,follow all of the vendors’ lnstructrons to the letter, in those cases where mstructlons for
\ calrbratron were provided We discovered that the Ionger that data was collected, the
, more the mformatlon collected ‘would be in confllct | won't present in detail all of the
. procedures whrch we have tned over the past 8 years but | wrll mentlon a few that seem
tobe most successful for us. |

" Comparrson wrth Welghstatron Data - [VIEWGRAPH] We have performed several
studies to determine if the class 9 front axle weight phenomenon is present in Alaska and
can be used to perform autocalibration under local conditions. Actual weighstation data
‘was exammed to determme if the front axle welghts behaved as proposed The revrew
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: supported some of the theoretrcai expectatrons wrthrn accuracy needed to. meet local
‘,r;goars for pavement desrgn Analysrs of werghstatron data rndrcated that the mean
3 steenng axle weight of class 9 vehrcles does remain fairly constant wrth relatrvely small
~standard devratron However, the average front axle weights varies by more than 1000
) pounds or more than 10 percent, between different locations. We have been cautious
when using this data; weighstations normaliy do not weigh empty vehrcles and statrons
_are often. closed due to budget restrictions. We have not yet perfomred a detailed
] subsequent review, but expenence gamed with workrng systems rndrcates that Iocal or
site-specific modrﬂcatrons of the theory are requrred i address some of these Iater in
this discussion.

Local Autocalrbratron Parameters - [VIEWGRAPH} The vendors do not provrde
~ direction on how to determrne the GVW bins, the expected mean front axle werghts or
the acceptable maxrmum error. To develop initial figures for these parameters, we
~ performed extensive review of weighstation ! data. With fundrng from the DOT&PF and
technical assrstanoe of the HDS, the Division of Measurement Standards (DMS) who
_ Operate the werghstatrons have computerized many funotrons As a resu!t HDS has
~_access to all weighing performed by the DMS. We used this data to determrne the initial
- GVW bins and expected mean front axle weights for ctass 9 vehrcles

A typrcal procedure is to summarize all class 9 vehrcles for one year for each drrectron
at the individual weighstations, sorted into 2000 # bins by GVW. We have observed that
the distribution of the summary data for weighstation is often bi-modal. We selected the
mean GVW and one standard deviation (STD) either side of the mean for the middle

| GVW bin. We then computed the average front axle werght for each GVW bm When
~the summary data is dis-aggregated by GVW bin, the standard normal drstrrbutron (bell

: curve) can be observed for both the GVW and the front axle werghts

By using one STD, the middte GVW bin should include about 2/3 of the‘ trucks in the
~ weighstation data In actual practice, a Iarger proportion of trucks is often observed in
either the low or hrgh GVW bins. Recall that the werghstatrons do not usually weigh
empty trucks, which in operation of an actual WIM system will increase the proportion in
the low GVW bin. There are a greater number of heavy or overweight trucks which
~ operate when the weighstations are closed, which will increase the number in the high
- GVW bin. The expected front axie means for each bin will need to be adjusted
-accordingly. | | R

Manualtcalibration - [VIEWGRAPH] Aocording to the vendors’ suggested procedures,
the initial manual calibration is very simple. Since the signal from the WIM sensors is
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- directly proportional to the weight, and the input signal is multiplied by a user-input

o - manual calibration number, it should be a straight-forward procedure to make a few

- ‘passes with a test vehicle, compare the WIM measurements to the static weights,

~ compute the error multiply the manual calibration number by the inverse of the error to

compute a corrected manual calibration number, enter that number into the system, and
cahbratzon is complete

cO ~ Our fi‘eldexp‘erience has been considerably more complicated. Close attention to detail

-  anda ‘systema'tic approach to deal with a number of elements, which | mentioned under

- the initial site selection, will greatly improve chances of a successful callbration Some
of the conditions at the snte which affect manual calibration are: e

s
B " . Pavement approach to the sensors - Cracks in the pavement near the sensors,
= ' especially at the inductive loops and near the piezo cables, will often affect the
N _ signals received by the WIM electronics unit. Full-depth cracks, spalling and
i ' sealant failure on contraction joints, and failure of load transfer devices that lead
’ " to slab jacking, will also produce signal noise. The impact of an axle on a
: pavement crack upstream from the WIM sensor can cause an impact force that will
B travel through.the pavement to the piezo sensor ahead of the actual vehicle.
fﬁ...,{ ‘ ~Installation and condition of the sensors - Cracks along the sides of the sensors, »
- pavement roughness, wear, snowplow damage, studded snowtire damage, and
“differential expansion and contraction leading to chevmn cracklng at the tlps of
by the sensors, will also affect the signal. e
- ~ Sensor signals - ‘A variety of factors can directly affect the sugna!s from the
 sensors. Forinductive loops, we check the resistance, inductance and frequency.
=  We use a megger, which places a high voltage on the loop wire, to check for
'shorts to ground and insulation damage. Problems with loops often appear
~ intermittently or during the winter months when repairs often cannot be made. We
- - check the inductance, which affects the loop sensitivity, and the frequency; loops
E with similar frequencies can cross-talk for erroneous signals. For bending plates
;...,r and piezo sensors, we run UNKELSCOPE software on the WIM computer, or use
£ “a TEKTRONICS oscilloscope, to check the amplitude and duration of the signal.
3 If the signal strength is too small, not all axles will be detected. If there is noise,
B ‘multiple signals or echos the result is often that 'ghost axles’ are detected. We
o also establish a baseline value for the Wheatstone bridges for bending plates, and
S otherwise balance between the individual sensors in multi-sensor configurations.

- 63

.15



Terhune

- Other factors which affect the calibration of the WIM system include:

Speed of the test vehiycles - The‘»accufacy of the» systéms will; degrade above and
‘below certain speeds. The speeds at which the system response degrades are
. different for piezo and for bending plate systems, and varies between sites.

Lane discipline - Poor lane discipline is often a problem at WIM sites. Drivers will
‘often hug the centerline or fog line, especially during periods of extreme weather
‘such as heavy snow or rain. - The severity of lane discipline problems varies from

- .site to site and from time to time ina way not easnly identified from observation of

the data. : ' : o

- Dynamics of the test vehicles - This is affected by the condition of the suspension

~and the load being carried.

. Pavement temperature - A change in temperature during the course of the

. calibration will cause a significant change in sensor output. Pavement

- temperatures near the freeze-thaw point will produce wnldly unpredictable weight
: measurements R

Load Initial Parameters - After thoroughly checking the physical condition of the site
- and the WIM hardware, we review the software and install correct parameters to describe

the physical system, such as axle sensor type and spacing, loop size and spacing, and

our most current classification scheme. We operate three calibration vehicles, a class 5,
class 6 and class 9. Per our accuracy specifications, each of the three test vehicles must
qualify individually for the WIM system to be fully accepted. We make a number of
- passes in each lane to establish an error rate, and use the inverse of the error to factor
the manual calibration number. We continue to run the test trucks and make adjustments

. to the manual calibration factors, sensor thresholds, and other parameters until the

_ system meets the accuracy requirements for each vehicle. If the site geometrics require,
we will enter dynamic compensation factors, individually developed for each lane.

For the initial calibration, the autocalibration portion of the software is disabled.

~ Subsequent calibrations will be performed with the temperature compensation factors

- .enabled. After the system meets accuracy standards and is passed, we install the
“autocalibration parameters, including the GVW bin ranges, the expected front axie means
~ for each bin, the acceptable error to trigger autocalibration, .
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Field Conditions: Autocalibration - [VIEWGRAPH] Autocalibration is only required for
piezo cable WIM systems. In our experience, bending plates are far more stable, but are
considerably more expensive. To date, the resources of the Alaska program have been
directed to development of autocalibration procedures for the piezo systems, which have
proven to have much more serious operational errors. We have not performed a detailed
~ study of the performance of bending plate systems under changing temperatures. Our
field expenence however has been aﬂected by frequent failures of the bendmg piate
- sensors. - : : : \

The vendors proposal for autocalibration is to S|mply turn on the autocalibration routine,
using the default parameters, and allow the software to'develop TC factors. Our field
experience has again been considerably more complicated. It has been very difficult to
establish the TC factors for all lanes in Alaska. What is required are sufficient numbers
of class 9 vehicles, measured in each 5 degree temperature bin, in each lane, to develop
correction factors for the initial TC factors. Recall that there must be vehicles recorded
in at least 2 of the 3 GVW bins, with front axle mean measurement errors greater than
the acceptable maximum. The number of vehicles is used as a factor to determine the
magnitude of the correction applied to the TC factor; the maximum correction is 50% of
the error which is achievable only with a large number of vehicles.

There are often too Tew typical class 9 vehicles in the traffic stream at some sites. For
- example, on the long-haul route between Anchorage and Fairbanks, the class 13 (double
trailer) vehicles are much more common. However, the software will not allow us to use
these class 13 vehicles for autocalibration.

The low number of auto-classification vehicles is further reduced by operational
;characterisﬁce-c)f the WIM systems. Piezo sensor signal strength varies greatly between
- winter and summer. Initially, HDS used a classification scheme incorporating a minimum
5,000 pound front axle for class 9 vehicles, to remove half-axles from the autocalibration
procedure. Unfortunately, when the signal strength is low, nearly all class 9 vehicles are
interpreted to have front axle weights less than the minimum. The system may record
afew signiﬁcently overweight vehicles on which to perform auto-calibration, but this is not
sufficient to break the system out of the downward spiral of autocalibration.

. Development of Local TC Factors - [VIEWGRAPH] The default TC factors in the IRD
‘autocalibration software are 1. As mentioned above, a set of TC factors is available from
the vendor which are based on field experience with the equipment in some midwestern
states. However, these do not work very well in our applications. After our first winter
with the e‘qui‘pjmen;t,‘ we were very concemed about the amount of time and the number
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cycles required to develop accurate TC factors. We decided to develop our own local set
of defauit TC factors to speed the autocalibration process.

To develop. local TC factors, we enabledautocalibration at three of the piezo WIM sites.
At another site with high truck volumes, we left autocalibration off and the default
-parameters at unity. All sites were operated normally for the winter of 1992-93. The hard
disk drives on the WIM computers at two of the sites failed, and the TC factors were lost.
At the time, there was no method of copying the TC factors via telemetty, and retrieval

of these parameters required a site visit. : ~

[VlEWGRAPH} The data from the site with autocalibration disabled was post-processed
for each temp bin in each lane as follows:

The a\./erage‘front axle weight was determined,

- The error between the mean front axle weights measured with the WIM equipment
“and those from weighstation data were calculated for each temperature bin,

Pseudo TC factors were derived.

At either end of the temperature spectrum, the higher and lower TC factors were
estimated from projections using a linear regression on the data. '

The shape of the curves produced from graphing the TC factors from the different sites
appeared to be very similar. We thought we had achieved quite a breakthrough. Based
on the results of this study, default TC factors were specified for IRD piezo WIM. The
default factors were selected such that the minimum numbers, encountered at about 40
degrees fahrenheit, would be muitiplied by manual calibration numbers of about 0.5, plus
or minus 0.1, to achieve calibration. Our intent was to enter the defaults TC factors on
all units, adjust the manual calibration numbers using test vehicles, and then turn on
autocalibration. We expected that subsequent adjustments during autocalibration would
be minor.

Comments on the TC Factors - Subsequent observations of WIM unit resuits were
unexpected. The results were not consistent. It appears that a 5 degree C (9 F) range
is satisfactory if the system remains relatively stable across temperature bins. However,
~the change in signal strength, and the resulting TC factors, should not be greater than the
maximum acceptable error of the system. For the Alaska program, the acceptable error
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" was intended to be 12%. Between some temperature bins, the observed change is as
much as 100%, far greater than the acceptable error. After several site visits, we
determined that some of the problem was ’clipping’ of the signal. At different
temperatures, the signal from the piezo sensors increases to the point that the signal is
larger than the electronics and software is designed to process. The signal is "clipped’,
~ resulting in multiple axie readings with erroneous weights.

Problems with Signal Strength - As part of our calibration procedures, we have been
recording signal traces from the sensors when activated by test vehicles. Based on these
observations, we have had to modify all of the piezo interface cards at the piezo WIM
~ installations. Initially, depending on the site and the temperature, the signals were either
“too high or too low and the boards were modified accordingly. Unfortunately, in some
cases we over-compensated and at the opposite end of the temperature swing,
e approximately six months later, the signals would be either too-low or too high, causing
the corresponding opposite problems with signal processing, welght measurement, vehicle
classification, manual calibration and autocalibration. Near Fairbanks in interior Alaska,
for example, we have observed asphalt pavement temperatures ranging from minus 60
‘ degrees F up to 120 degrees F.

We are concerned that no single hardware setting can be used with the piezo interface

cards. Two different cards may have to be used, one for the summer temperature range'

and one for the winter temperature range. This would also require that a separate set
of TC factors be developed and loaded for use with each interface card.

Autocalibration Procedures - [VIEWGRAPH] After the initial manual calibration, we
perform a number of activities to monitor and direct the autocalibration process.
Currently, the IRD on-site WIM software at all installations can be accessed via telemetry,
and the computers at the sites can be fully accessed using pcanywhere. Some of the on-
going activities related to WIM operation and autocalibration include:

Periodic Data Retrieval, Report Generation and Review: We particularly look at
- the number of vehicles in each class, and the distribution of GVWs and front axle
weights, with special attention to the class 9 autocalibration vehicles.

Backup of Key Parameters: We periodically shutdown to pcanywhere, and retrieve
and review copies of the calibration log, power log, HDS-developed error log and
other files. Because of past experience with failure of the computer hard drive,
resulting in loss of all parameters and unretrieved data, we make an attempt to
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copy all of the critical parameters on a regular basis. In particular, the TC factors
~ require a long time to develop and to re-develop. ‘ e

Manual Recalculation of TC Factors: If the calibration log and weight reports
indicate large differences between the expected and measured mean front axle
weights, and if the differences are consistent over time, we will manually calculate
new TC factors and edit the TC lookup table.

Adjustment of Key Parameters: If the data indicates that there are too few class
9 vehicles, this may indicate that the signal strength is too high or low and the
vehicles are not registering correctly. If the signal is too high, tandem axles often -
-appear as tridems or quadrems, if the signal is too low, class 9s may appear as
class 8s. We may change the manual calibration numbers and/or the thresholds
to attempt to ‘center’ the signal strength within the range able to be processed by
the WIM system. : ‘

Substitute Classification Scheme - Alternately, we have developed a 'Winter
classification scheme with all the minimum axle weights set to zero. In some
cases, the number of axles detected and the spacing is adequate to identify
enough class 9s to enable the WIM to autocalibrate.

On—site Calibration Procedures - [VIEWGRAPH] The following procedures are used
in the Alaska program.

Prior to the site visit, we review operational history, past and cur_rén‘t from logs.
‘Once on site, we establish existing conditions - physical, hardware, software;
We perform a through visual inspection, observe and record features which may
affect the operation of the system. Some are obvious, such as damaged sensors,

excessive pavement roughness, cracks, lane discipliine determined from
wheelpaths, new intersections, traffic signals etc. that affect constant speeds

We perform backups of all cntncal parameters or software prior to makmg any
changes.

We perform a series of tests on the hardware. We check the signals with test
instruments, the insulation, inductance, and resistance. We are often able to
detect bad splices, loose wiring, and insulation flaws.
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We revtew the software parameters that describe the physical system; such as
axle sensor type and spacing, loop slze and sp_acing‘,g etc.

We perform a series of dragnostrcs to determine if system IS operatrng correctly

 We check the loop and sensor tﬁggenng, the duratron and srgnal srze If the

‘ ‘srgnal is too small, the system will not detect smaller vehrcles Ifthe srgnal |s too

N 'large chpprng may mterpreted as ghost axles Botn condrtlons result |n mcorrect
e werghts |

We rewew the autocalibration parameters GVW bm ranges expected front axle
s 'imeans acceptable error to trrgger autocatibratton R

e [VlEWGRAPH] Durlng the calrbratron we adjust threshold for sensors and balance
e ‘multrple sensors wrthrn each lane ‘

?'F'nally, we operate test vehrcles adjust manual calibration ﬁgure and dynamrc
e ‘compensatron factor for front axles We repeat thts step untrl the unrt rs calrbrated

[VIEWGRAPH] One cotn’rt‘rdn“pmblem is that‘review “of the‘ calibt'atio‘n "I'og“and other
reports indicates that the system is operating within close tolerance yet the measured
weights of the test vehicles contain large, consistent ‘errors.” In other words “the

‘measured mean and the expected mean front axle welghts of the traft” ¢ stream are close .

:'but the measured front axle werght ol‘ the test trucks have large reproduclble errors

‘[VlEWGRAPH] This may mdlcate that the expected user-det” ned mean front axle welght
is not correct. Thrs may be caused by the presence a Iarge ‘number of empty or
overwerght trucks on the traffic stream whrch are not werghed at the welghstatton As
a consequence ‘the expected mean front axle welghts in the' three GVW bms are
‘incorrect. ‘This assumes that all or most of the class 9 vehacles are bemg correctly
classified.

However, a problem with signal strength lane dlscrptrne, or classification scheme may
frnput a Iarge percentage of rncorrectly rdentrfred or non—representatrve calrbratron vehrcles
‘while’ lf the srgnal is too low, an axle may not register and class 9s rnay appear as class
8s. In this case, the hardware or software must be adjusted to provrde a correctly
identified and representative sample of class 9s to the autocatibration software.
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If there is a problem with lane discipline, a high number of half axles may be measured,
where only one side of the vehicle is contacting the sensor. This behavior may occur
lntermltten'dy, dunng periods of heavy rain or snow, in no detectable pattem We have
developed a couple of different methods to attempt tc deal with this problem. One
solution is to train or force the vehicles to operate wrthm the lane; this may be
accomplished with curbs, raised center medlans or rumble strips in the shoulders along
the edge of the travel lane. If the travel pattern is constant, the WIM sensors may be
moved. We have considered installing longer sensors which may protrude into the
shoulder We have used an expected mean front axle welght for the low GVW bin of
approximately 30% to 60% less than would be used if lane discipline was observed. We
have relied on the minimum front axle weight in the classification scheme to exclude half-

“axle vehicles. And, we have analyzed the data during post-processing to identify logical

minimum front axle weights, for each lane, for each 5-degree temperature interval, for
each month. All of these techniques are imperfect. The best method would appear to
be to select sites wﬂh good lane dlsczpllne and avoid the: problem altogether. However,
once the WIM is installed, you may observe that a significant number of truck drivers will
deliberately alter their driving pattemns in the vicinity of the WIM site.

- Our 0urrent Solution [VIEWGRAPH] If the system appears to be in balance yet the

measured weights of test vehicles are greatly in error, at least two parameters in the
srgnal processing routine must be ad]usted If only one parameter is adjusted, over time
the unit will revert to the balance where the weights are incorrect. For example, if the
system is balanced, and test vehicles are measured as 50% of their static weights,
doubling the manual calibration number may result in correct measured weights. . If all
else remains the same, however the mean front axie weights will now ‘appear too high
and the autocahbranon software wrll proceed to decrease all of the TC factors to bring the
system back into balance lf the TC factor for that temperature lnterval is doubled, the
autocallb ratron software will again proceed to decrease that TC factor to bnng the system
back into balance. ’

Our current procedure is to adjust the manual calibration number, and then proportionally
adjust the expected mean front axle weight recrprocally To.continue the same example,
if the system is. balanced and test vehlcles are measured as 50% of their static welghts
we will double the manual calrbratlon number and concurrently reduce the expected mean
front axle welght by 50%. :

During calibration and autocalibration, some elements will cascade, misleading, a problem
will appear to be caused by one thing when it is actually caused by a preceding element.
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-
mq  e.g. temp sensitivity variation/erratic signal suspected of sensor/materials interaction,
actually an artifact of the IRD software in that greater than 10 voits the signal is 'clipped’,
i‘ sometimes a single signal is interpreted as multiple axles, is then classified into another
¢ type (not class 9), system cannot auto-calibrate
-
Summary - [VIEWGRAPH] In summary, I'd like to make four points.

~ 1) As consumers, we can affect the development of the equipment we purchase.
- o Rather than just accepting what the vendors choose to provide, we have the
opportunity to work cooperatively to improve the systems.

2) We all need to maintain our emphasis on ensuring the accuracy, reliability,
5 repeatability and operational stability of the equipment. This not only increases our
m professional credibility, it greatly improves usefulness of the information.

- 3)  We need to encourage the use of the information within SHAs. We must be as
proactive as proactive as possible within the constraints of budgets and within an
L environment of political solutions.

[ 4)  We need to continue to develop communications between SHAs. Sharing
- _ information is the most effective method to improve the installation, operation,
program management, analysis, reporting, and development of applications for
these systems and the information they provide. f

Thank You.
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A Mul’uple Factor Method for Cahbratmg Portable
'Welgh-ln-Motlon Data |

Scott W. Fuglt Idaho Transportatlon Department

lrmg_du_gtlg_ :
“Calibration of welgh-m -motion . (WIM) data collected with

portable capacitance mat systems has proven to be a difficult and
persistent problem Factors which influence vehicle axle weights -
measured by a WIM system designed for temporary, portable
operatlon are numerous and dynamlc Many may be specific to a
given survey location, such as slope, wind or pavement condltlon
Others are machine related such as the mat calibration number -
defined by the manufacturer for each individual weigh mat. The
collection of portable WIM data introduces the greatest number of
outside variables having a negative influence on data accuracy.
Agencies concerned about the accuracy of their portable WIM
systems are left with few gu1delmes or options. Doing nothing i 1s one
alternative, but at the Idaho Transportauon Department (ITD),
experience has proven the blind faith approach non-workable. A
reputation for poor inaccurate data is the typical result when portable
WIM equlpment 1is trusted to perform accurately usmg no cahbratlon "
methodology at all. S

‘Calibration procedures developed for permanent WIM
installations offer a logical startmg point. However, their site spe01f1c
‘nature offers problems when using the same methods to calibrate non-
permanent equipment. A portable WIM system is typically set at any
particular location for only 48 to 96 hours -- making the time and
‘expense of a site visit solely for calibration 1mpractlcal The typical
~ portable WIM appllcatlon also requires flexibility in scheduling.
During each portable WIM season, new survey locations are added
‘which may or may not be revisited. Other scheduled sites may be
dropped due to bad weather or road maintenance work, which further
compllcates site- SpeCIfiC calibration arrangements. Some calibration
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techniques rely on presumption about a site’s expected vehicle weights
-- often comparing the latest data to historical observations. This

~ approach may mask shifting trends in traffic characteristics which
often accompany seasonal, economic or regulatory changes.

Clearly, a technique specific to each site was extremely
impractical, yet some type of calibration procedure which provides
for both understanding and systematically improving portable WIM
data was needed. The factory provided mat calibration number, input
during portable system setup, often fails to result in convincing
weight data. "To minimize welght errors”, the operators manual
suggests, "scale the factory supplied mat cahbratwn number by the
ratio of average actual weight to average measured welght No
further explanation is offered. Unfortunately, there is an immediate
and obvious limitation to simply changing the mat calibration number
supplied by the manufacturer. This linear approach towards WIM
system calibration applies the same percentage of adjustment (and
thereby assumes the same level of accuracy) throughout the broad
range of observed vehicle grossweights. Experience refutes that
assumption. At best, when the mat calibration number is correct,
accuracy seems greatest at midrange and is poor in both the hghtest
and heaviest veh1cle ‘catagories. A more refined methodology was
needed -- one which acknowledges that system accuracy varies at
different weight levels and, accordingly, provides individual
calibration factors for each vehicle grossweight range encountered
during WIM data collection.

~ ITD’s experience with portable WIM equrpment has shown thato
when a system component is replaced especially the capacitance
weighmat, subsequent accuracy is unpredictable. Although a previous
mat and it’s factory supplied calibration number may have performed
effectlvely, there is no guarantee that it’s. replacement will provide
similar results. e

The Idaho Transportatron Department S approach to multiple
factor portable WIM data calibration is discussed in this paper. Ina
twice yearly test, both Port Of Entry (POE) statlc scale and WIM
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weights are recorded for the same vehicle, then compared and
analyzed for 500 commercial vehicles randomly selected at the POE. -
Individual calibration factors are developed for each 10,000 pound
grossweight group observed by each portable WIM system. These
factors are then available to be apphed as part of standard WIM data
processing..

Although there is certamly debate on the loglc of comparmg
static weights to dynamic, that subject is beyond the scope of this
paper. For our purposes, the term "calibration” will refer to the .
process of adjusting the calibration factors so that the calculated
grosswelght output of a portable WIM system matches the
grosswelght measurements of the static scale \

The first portable WIM equxpment used in Idaho was acquu‘ed |
in late 1987. Prior to that, there had been only scant experimentation .
with a few permanent WIM systems. Today, ITD operates four k
portable single lane capacitance mat weigh-in-motion systems. during
an average seven month season. Roadway snow and ice precludes
portable: WIM: operations from November through March. Permanent -
WIM systems are currently being developed at all thirteen of Idaho’s
SHRP/GPS sites. To date, however, all SHRP/GPS data has been = -
collected with portable capacitance mat systems. . :

ITD’s WIM crew of two technicians is each supphed w1th thelr
own van. Usmg four capacitance systems and ample spare mats and
parts, the crew is able to survey about 80 sites per season. Careful
preparatton and teamwork allow each smgle lane system to be setup
in less than 15 minutes, thereby minimizing the crew’s exposure to
dangerous traffic. Sets range in duration from 48 to 96 hours, aen
including weekends. Automatlc vehicle classification eqmpment |
utilizing road tube sensors are also set as part of the test. WIM -
system thresholds established at setup. time screen the data to allow i
only vehicles the size of Scheme F type 3 and larger to be recorded.
By collecting weight data on only heavier than passenger vehicles,
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disk storage space and technician time are more effectively utilized.
With Idaho’s size and geographic diversity, each member of the
WIM crew typically logs 30,000 miles per season. In 1993 a total of
322,670 commercial vehicle WIM observations were collected. :
Considering the amount of effort and expense invested in the
collection of portable WIM data, it is important that a credlble cost
effective means of adjusting the data be developed.

Idaho’s WIM Cghbratlon Test
Along with the purchase of ITD’s first portable WIM systems

came many questions. Soon after the preliminary data collection
effort, it was decided that a direct comparison test with a certified
static scale was a must. This seemed the only practical way to gain a
realistic idea of how the system performed. In the spring of 1988,
ITD’s first WIM calibration test was organized. With a few cr1t1cal
refinements, the exercise has remamed essentially the same since
then | : ,
The objective of the test is to collect matched sets of static scale
and portable WIM data for 500 commercial vehicle observations. The
- first step is to collect static data at a selected Port Of Entry. ITD
“uses the East Boise POE located on I-84 ten miles east of Boise,
Idaho. This interstate location has 3400 commercial vehicles per day -
- plenty of opportumtles for data collection. There is also an
unequaled diversity in axle configurations including doubles, triples
and specialty vehicles. The first portable WIM site is set up |
approximately 1 mile downstream of the POE on a smooth level
stretch of the eastbound interstate. The remaining systems are spaced
about 1/4 mile apart. All equipment involved is set in the righthand
travel lane of the two lane asphalt surface. Roadway shoulder areas
are solid enough to allow vans with monitoring personnel to be well
removed from the pavement edge, thereby reducing the number of
lane changes by the vehicles weighed at the POE static scale. The
traffic approaching the WIM site is visible for more than one-half
mile which aids observers. ITD’s August 1993 test included our four
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WIM systems, one guest vendor’s WIM system, and two dlfferent
automatic vehicle classification (AVC) units for a total of seven -
machmes bemg evaluated | L |

Ideally, the data collectlon effort 1S to result in matched sets of :
WIM and POE static scale data for all 500 tagged trucks, on all -
‘participating WIM systems. For a wide variety of reasons, the end -
result is usually something less.. Equipment breakdowns, missed tag
numbers, and tagged trucks that change lanes and bypass the WIM -
systems all contribute to a loss of data. Still, procedural errors and
other problems have decreased with experience and a consistent effort' |
at making improvements. Typically, 500 tagged vehicles will result in
between 400 and 470 usable matched data records per WIM system.

The test routine, which will be repeated 500 times, ‘begins with -
the sorting of the normal commercial traffic flow entering the POE.
The goal here is to keep the data collection crew con31stent1y busy,
yet cause minimal delay for the trucks. Commercial vehicles are -
randomly selected with no specific effort made to include certain - v
types of vehicles and bypass others. The one exception to this rule are -
cattle trucks which the tape measure crew. -- intimidated by a little =~

"slosh and splatter" -- flatly refuses to get close to. As axle weights .-
and measurements are completed on one vehicle, the next truckin- -
line regardless of classification is accepted into the. test que All-
excess traffic is directed to bypass. = : T L

Once each selected vehicle stops at a marked locatmn in front of ‘
the POE scale, the driver is- ‘quickly advised of the test and requested e
to stay in the right hand Iane after leaving the port until they have
‘passed the WIM. eqmyment about a mile downstream. At the same
time, a three man crew measures axle spacmgs and bumperto:. -
bumper length recording them manually in feet and tenths of ,feet;z..?:
Although many steps in the process are automated, the POE data
collection must still involve some manual recording of mformatmn
Still prior to being weighed, an 8 1/2" x 11" sequentially numbered
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placard is taped to the right front portion of the vehicle. Once axle
and bumper to bumper measurements are finished, the truck is waved -
onto the POE scale where individual axle weights and the tag number
are captured directly onto a laptop computer’s disk storage. The truck
~ is then released and subsequently observed and reglstered at the WIM
sites waiting downstream (figure 1). |

All POE data is recorded and labelled using the tag number (1
through 500) placed on each truck. An in-house software program is
later used to enter the axle spacing data from written forms. Together
the spacing and weight data make up the 128 byte POE data file
(figure 2). Generally, every effort is made to organize data collection -
and handling so that the analysis which follows will be as |
straightforward as possible. |

WIM Slte Data Collection | |
At each partrcrpatlng WIM site, an observer outfitted with a

laptop computer is comfortably stationed in an approprrately equipped
vehicle. A powerverter or cigarette lighter attachment is needed to
keep laptop computers powered for a daily test of at least 8 hours. As
each placarded truck crosses the WIM systems, an observer records
on a special form both it’s affixed tag number plus the WIM record
sequence number (figure 3). WIM records are viewed in near real
time using a software package called Ability (v2. 0), set up in the
"capture” mode (figure 4). As the observer records the two key
numbers manually, the captured WIM data is saved to disk. The goal o
is the same at each WIM system location -- to accurately note, tag,
and record sequence numbers for each test vehicle and successfully
save the data. At the end of each test day, WIM files are downloaded
and observer forms are gathered. Everything is clearly labelled
showing date, WIM system number and the range of tag numbers
included. The data collection portion of a typical 500 observatmn o
WIM calibration test takes 2 to 3 days. :
Binary WIM files are later converted to ITD’s standard 171 byte
ASCII WIM format (figure 5). Once all files are in workable formats -

80




Fugit

and organized in chronological order, the process of matching POE to
WIM data can begin. That accomplished, the outcome is a file with
306 byte records which contains the matched POE and WIM results
(figure 7). The comparative analysis of these matched files is what
provides the groundwork for development of calibration factors that
are both effective and speciﬁc to each WIM system. ‘

- WIM Cah‘ratlo Softw re

The Idaho Transportation Department has developed four

e "programs in the statistical package SAS which are the primary tools

in analysing the combined WIM/POE data records. Their functions

are as follows:

MERGE --

POEWIM -

This program matches POE and WIM records based
on an index file (figure 6) that associates the tag

" number on the POE record with the matching WIM

record sequence number. The matched data is
combined into one 306 byte record and output to a

file (figure 7). This step is repeated for each WIM

system

This program produces reports showing various
comparisons of the matched data records.
Contrasting POE/WIM results are shown based on

- vehicle type, gross weights, front axle weights plus

driver, and trailer tandems. The "Nonmatching Axle
Count Observations" report shows matched records
that have different POE and WIM axle totals.

~ Similarly, records showing the broadest mean

~ difference in grossweight are listed in the report titled
~ "Worst 50 Observations by Absolute Relative
Difference". Both reports identify observations that

should be reviewed for data entry or other errors, and

- may be excluded from further analysis. Report
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samples are listed in figure 8a-b. Other analytical
graphs produced are similar to flgures 10 through 17

FACTOR -- Based on the mean relatlve dlfference between WIM
| and POE data contained in the edited and matched
records, this program calculates the adjustment factor
for each 10,000 pound interval of grossweight. First
~ the relative difference is calculated for each validated
~ observation, and then the average relative difference
- for each weight group. A separate set of factors is
calculated for each WIM system included in the
calibration test (figure 9). |

CALIBRATE -- This program is used to apply the newly
established calibration factors to all WIM data
collected later with that system. The calibrated axle
weight is produced according to the following
formula [calibrated weight = raw weight - (raw
weight x factor)]. The correct calibration factors are
selected based on WIM system number, vehicle
grossweight category and WIM data collection date.

Apphcatxon of WIM Calibration Factors
The performance history of any portable WIM system is not

necessarily static. Machine error, damage to the mat, moisture or
other electronic degradation can alter results over time. To document
any potential changes to our WIM systems, tests are run twice yearly.
The resulting calibration factor file includes a creation date to which
any subsequently collected WIM data is compared. If the data
collection date is not later than the factor file creation date, no axle
weights are altered. This procedure helps insure that only the most
recent set of WIM calibration factors will be used on current data.

- The portable WIM systems used at ITD were manufactured by
the Golden River Corporation of England. It appears evident, based
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on our own test results and accumulated experience, that these ‘
systems are designed to be most accurate on single trailer commercial
vehicles of approximately 70-80k pounds. Not coincidentally it would
seem, this typical "18-wheeler" is the most prominent vehicle type in
commercial traffic -- both nationally and in Idaho. Other vehicles
above or below the 70-80k benchmark appear to have their weight’s
estimated by these systems using a straight line linear formula.
Vehicles weighing below that range are routinely estimated light,
while those over are typically projected as too heavy. This general
pattern is shown by the graphs of uncalibrated data in (figures 10-17).

- When the manufacturer’s supplied mat calibration number is
inaccurate, so too is the resulting data. Any changes in the number
simply shifts the results for all weight groups up or down. Although
this may help in selected ranges, overall accuracy could suffer. By
incorporating a strategy which uses multiple calibration factors -- one
for each system’s observed weight groups, accuracy is mcreased over
a broader range of vehicle grossweights. |

- With luck and careful maintenance, the life of a weighmat used '
in ITD’s WIM operation may extend to 3 or 4 years. When a mat is
replaced the WIM system should always be retested. As shown in
figure 19, system performance can change drastically with a new mat
and it’s factory supplied calibration number. Standard procedure is to
always test replacement mats at the first opportunity. The resulting
calibration factors can be used to correct any data collected with a
new mat prior to testing. With WIM tests done twice yearly, this
- provides ample OppOrtUnities to track mat performance over time.
Temperature related comparxsons can also be done since the tests are
conducted in early spring and the hottest part of summer.

- Although providing accurate vehicle axle weights is the primary
function of any WIM system, axle spacing data is also collected.
ROutmely collected during the portable WIM program, the spacing
data is used to monitor changes in commercial traffic by converting it
to ITD’s Axle Configuration Code (ACC) -- a vehicle identification
label that provides a unique code for any axle configuration. Because

83



Fugit

spacing data is important, verifying consistent system performance on
axle measurements is a worthy goal of the twice yearly WIM
calibration test. Manual spacings on tagged vehicles are contrasted
with those recorded by the various vehicle classifiers involved in the
test. But comparisons between manual tape measurements and =
machine generated axle spacings may be difficult to justify. Which is
most accurate? Quickly measuring a 100 foot truck in the wind with a

flexible tape introduces some level of error -- perhaps more (or less)

than the machine being tested. We can report however, that the
accuracy of machine generated axle spacings has remained reasonably
consistent with the manually collected data since Idaho’s calibrations
tests have started. Changing a weighmat and the factory supplied
‘calibration number does not result in wild fluctuations in axle =
spacings. However, before WIM system spacing accuracy can be

truly evaluated, an improved method of collecting axle spacings at the

POE is required. ITD has had some success in testing an electronic -
Theodolite survey transit to measure the distance between two points
(axles), and download directly to a laptop computer. We are hoping
to do further research in this area.

The effect that the newly developed calibration faetors have on
vehicle grossweights is illustrated in the final portion of the test |
analysis. New calibration factors are applied to the WIM data
collected during the test, and the POE/WIM comparison reports are
then rerun. The results can be seen in figures 10 through 17. Please
note that the before and after calibration graphs show significant
changes in the X-axis range showing the mean differences in the
WIM -vs- POE data. Also, those weight groups with the fewest
observations reflect the least amount of correction.

Conclusion

Recent research trends have seemed to favor studies which (
involve larger more expensive permanent WIM installations. The
numerous complicating variables that effect accuracy (and complicate

research) are more easily held constant in a stationary system design. .
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Yet the versatility and ease of use, plus the obvious cost advantages
ensure that portable WIM systems will be around for years to come --
even if it’s only those models currently available today. Since design’
improvements generally follow breakthroughs in research, portable
WIM system development may have reached a plateau. Smaller profit
- margins associated with portable systems may also be influencing
vendor research and development decisions. One trend seems clear --
if advances in portable WIM systems design are to continue,

increased research on specifically related WIM apphcatlons must lead
the way.

When presenting weigh-in-motion data to roadway planners
designers and maintenance personnel we are invariably asked whether
our WIM equipment is trustworthy. To most people the idea of
weighing a loaded truck moving at highway speeds would seem
dubious at best. End users of our WIM data are no different. It
~ therefore becomes important to the credibility of those who collect,
process and present the data, to genuinely understand their WIM
system’s characteristics and how calibration and adjustment
procedures affect the resulting weight data. By performing twice
yearly controlled comparisons with a static scale, WIM system
performance can be evaluated in a variety of ways as well as tracked
over time. In ITD’s WIM calibration test, commercial vehicles
throughout a broad range of grossweights are tagged and monitored
during data collection at both the POE and WIM sites. Later analysis
results in a calibration factor being determined for each 10,000 pound
weight group, on each WIM system tested. These system specific
sets of calibration factors allow for precise adjustments to all data
collected thereafter by each WIM system. With a demonstrated
method of calibrating portable WIM data, skeptics are more easﬂy
- convinced of it’s accuracy, and thus it’s usefulness The result is
greater satisfaction among data users, more knowledge about our
WIM equipment, and ultimately, a more complete understanding of
the constantly changing trends in our state’s commercial traffic flow.
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IDAHO TRANSPORTATION DEPARTMENT
IDAPOE - POE DATA ENTER PROGRAM

 OUTPUT RECORD FORMAT - 128 BYTE VERSION

14

~ Size Type Field Name Description
1 3 - Num Tag Number Test Tag :
-4 1 ~ Alpha Test Flag Test Veh Indicator (Y/N)
5 7 Alpha Veh Desc ~ Standard Class Descriptor
12 5 Num Axle Wt 1 Axle Weight #1
17 5 Num Axle Wt 2 Axle Weight #2
22 5 Num Axle Wt 3 Axle Weight #3
27 5 Num Axle Wt 4 Axle Weight #4
32 5 Num Axle Wt 5 Axle Weight #5
37 5 Num Axle Wt 6 Axle Weight #6
2 5 Num Axle Wt 7 Axle Weight #7
47 5 Num Axle Wt 8 Axle Weight #8
52 5 Num Axle Wt 9 Axle Weight #9
57 5 Num Axle Wt 10 Axle Weight #10
62 5 Num Axle Wt 11 Axle Weight #11 -
67 5 Num Axle Wt 12 Axle Weight #12
72 5 Num Axle Wt 13 Axle Weight #13
83 3 Num Axle Spc 1 Axle Spacing 1-2
86 3 Num Axle Spc 2 Axle Spacing 2-3
89 3 Num Axle Spc 3 Axle Spacing 3-4
92 3 Num Axle Spc 4 Axle Spacing 4-5
95 3 Num Axle Spc 5 Axle Spacing 5-6
98 3 Nurm Axle Spc 6 Axle Spacing 6-7
101 3 Num Axle Spc 7 Axle Spacing 7-8
104 3 Num Axle Spc 8 Axle Spacing 8-9
107 - 3 Num Axle Spc 9 Axle Spacing 9-10
110 3 - Num Axle Spc 10 Axle Spacing 10-11
113 3 Num . Axle Spc 11 Axle Spacing 11-12
116 3 Num Axle Spc 12 Axle Spacing 12-13
119 3 Num KP Space King Pin Spacing
122 2 Num Totaxles Total Axle Count
124 4 Num Tot Space Total Axle Spacing
128 1 Num KP Axle Axle Preceeding KP
(figure 2)
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IDAHO TRANSPORTATION DEPARTMENT
Weigh-In-Motion Data File Record Layout
171 Byte Format - SEPT 92
Pos Field
No. Size Type Name cription
1 . 6 num Segcd statewide indexing system.
7 6.3 num. MP Indexing within Seg Code.
13 1 alpha Dir (A)scndng (D)escndng (B)oth
14 2 num Lane Lane number
16 6 alpha DevType Machine Serial Number
22 8 - num Date Record Date (YYYYMMDD)
30 7 num Time Record Time (RHMMSSS)
37 6 alpha Var Road mode, #lanes, cnted
43 °3 . alpha - Edcode - ; ~Edit Status Code Doc
46 9 . alpha - ACC See ITD Axle Classfctn Doc
. 55 1 ~alpha  Accmod See ITD Axle Class Doc
56 2 . Rum - Totaxles Total vehicle axle count
58 3 num. Speed Vehicle speed in MPH
61 3.1 num Axspl2 Axle Spacing 1-2
64 3.1 num Axsp23 Axle Spacing 2-3
67 3.1 num < AxspId - - Axle Spacing 34
70 3.1 num _ Axspds Axle Spacing 4-5
73 3.1 num " -Ax$p56 " Axle Spacing 5-6
76 3.1 num Axsp67 Axle Spacing 6-7
79 3.1 ~ num .. Axsp78 Axle Spacing 7-8
82 3.1 Conamoo o Axsp89 Axle Spacing 8-9
85 3.1 num . oo Axsp9l0 Axle Spacing 9-10
88 3.1 num : . AxsplOll Axle Spacing 10-11
9 3.1 num AxspllI2 Axle Spacing 11-12
9 3.1 num Axspl2l3 Axle Spacing 12-13
97 4.1 num Bmptobmp . Total magnetic length
101 5 num Axwgtl Weight of Axle 1
106 5 num Axwgt2 Weight of Axle 2
1 5 num Axwgt3 Weight of Axle 3
116 5 num Axwgtd Weight of Axle 4
121 5 nam T Axwgts Weight of Axle 5
126 5 num i Axwgt6 Weight of Axle 6
131 5 num Axwgt? Weight of Axle 7
136 5 num Axwgt8 Weight of Axle 8
141 - 5 num = Axwgt9 Weight of Axle 9.
M 5 num  Axwgtll Weight of Axle 10
st 5 num Axwgtll Weight of Axle 11
156 -5 num Axwgtl2 Weight of Axle 12
161 5 num Axwgtl3 Weight of Axle 13
166 6 num Grosswgt Total Vehicle Weight
Notes: 1) All axle spacings are in feet and tenths of feet. (2) All axle weights are in pounds (3) Allnum

variables are zero filled. (4) A size of X Y mdicates X tolal bytes with implied decimal point located Y

digits from the right,
(fig gure 5 )
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IDAHO TRANSPORTATION DEPARTMENT
WIM/POE Matching Record Index File
Used by "Merge" Program

£
=~
SN

‘ !

Type Name Description

I
‘ o

Num  Truck Tag Number  Placard number placed on
test trucks at POE. Used
Jor tracking data.

" Num  WIM Record Number ~ WIM record sequence
‘ | number noted by observers
at WIM site.

=

EXAMPLE OF INDEX FILE
WIM System One Aug/93

Truck Tag Number WIM Recgrd Number
3960

3971
3982
3987

- 4004
4012
4028
4039
4049
4055

uamgmuu

oy AS GO
S

(figure 6)
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Fugit

IDAHO TRANSPORTATION DEPARTMENT
Idaho Weigh-In-Motion Calibration Tests

Rt BN Ol 306 Byte Data Record Layout
Number =+ Size- - Type Field Name = Description
1 LG ~'num ‘Seged Statewide Index System
7 6.3 " num MP Indexing within Seg Cd .
3 e “alpha Dir (A)scending (D)escndg ..
M 2 “num Lane Lane number
16 6 ' alpha DevType ' Machine Serial Number ‘
22 -8 " num Date Record Date (YYYYMMDD)
30 7 ‘num Time " Record Time (HHMMSSS)
37 L6 ‘alpha Various " Rd mode, #Ins, #cntd, stg.
43 3 " alpha Edcode . See ITD Edit Code Doc
46 9 alpha ACC ~ See ITD AxleClsCd Doc
55 DT alpha Acemod ~ See ITD AxleClsCd Doc
56 ARg " num Numaxles  WIM Total Veh Axles
58 3 num Speed - WIM Vehicle Speed MPH
61 31 ‘num Wimspl WIM Axle spacing 1-2
64 3.1 num Wimsp2 . WIM Axle spacing 2-3
67 Y § “num Wimsp3 WIM Axle spacing 3-4
70 v 3.1 num Wimsp4 WIM Axle spacing 4-5
73 3.1 num Wimsp5 ~  WIM Axle spacing 5-6 .
76 -1 3.1 ‘num Wimsp6 . WIM Axle spacing 6-7 .
79 3.1 num Wimsp7 WIM Axle spacing 7-8
82 3 num Wimsp8 . WIM Axle spacing 8-9
85 3.1 num Wimsp9  WIM Axle spacing 9-10
88 31 num Wimspl0 ~~ WIM Axle spacing 10-11
91 3.1 " num Wimspl1 WIM Axle spacing 11-12
9 31 niim Wimsp12 WIM Axle spacing 12-13.
97 co4r num Briptobmp ~ WIM Total mgnetic lngth‘.,
01 - o5 - num Wimwgtl WIM Axle weight 1
06 5 num Wimwgt2 . WIM Axle weight 2
1l - 5 Cnum - Wimwgt3 WIM Axle weight 3
e . - 5 " num Wimwgtd ‘WIM Axle weight 4
J 7 AREE RS num Wimwgts WIM Axle weight 5
126 5 num Wimwgt6 WIM Axle weight 6
131 5 num Wimwgt7 WIM Axle weight 7
136 5 num Wimwgt8 - WIM Axle weight 8
141 5 num - Wimwgt9  WIM Axle weight 9
146 5 - num Wimwgtl0 © WIM Axle weight 10
151 5 Cnum - Wimwgtll ‘WIM Axle weight 11
156 5 Cnumc Wimwgil2  WIM Axle weight 12
161 5 “num - Wimwgtl3 WIM Axle weight 13
166 6 num Wimgrswt WIM Gross Weight
172 5 num Wimseq - WIM Sequence Number
177 2 num Wimclas WIM scheme F class

(figure 7)
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Fugit ' 20
Record layout - page 2

Position T AT

Number Size  TIype . Field Name Description
ennenne- POE Data -

179 3 . Num TagNo Test Tag Number Used

182 1 Alpha . Testflag Test Vehicle Flag (Y/N)

183 4 Alpha Vehtype Veh Descriptive Code

190 5 Num Poewtl POE Weight Axle 1

195 ) Num Poewt2 POE Weight Axle 2

200 5 - Num Poewt3 POE Weight Axle 3

205 5 Num Poewt4 POE Weight Axle 4

210 5 Num Poewt5 POE Weight Axle §

215 5 Nuym Poewt6 POE Weight Axle 6

220 ' 5  Num Poewt7 POE Weight Axle 7

225 5 Num Poew:8 POE Weight Axle 8

230 5 ‘Num Poewt9 POE Weight Axle 9

235 5 Num ~ Poewt10 POE Weight Axle 10

240 -5 Num ’ Poewtll POE Weight Axle 11

245 5 Num. Poewt12 POE Weight Axle 12

250 5 Num Poewt13 POE Weight Axle 13

255 B 6 Num - Poegrswt POE Gross Weight

261 i ‘ 3 Num - Poespl POE Axle Space 1-2

264 3l Num Poesp2 POE Axle Space 2-3

267 31 Num Poesp3 ~ POE Axle Space 3-4

20 3.1 Num Poesp4 POE Axle Space 4-5

273 i .31 Num Poesp5 POE Axle Space 5-6

276 31 _Num Poesp6 POE Axle Space 6-7

279 ; S N | Num - Poesp7 POE Axle Space 7-8

282 3.1 Num Poesp8 POE Axle Space 8-9

285 .3l Num Poesp9 POE Axle Space 9-10

288 R 31 Num Poespl0 POE Axle Space 10-11

21 31  Num Poespl1 POE Axle Space 11-12

294 3.1 Num Poespl2 POE Axle Space 12-13

297 - o 3.1 Num KPspace POE King Pin Spacing .~

300 2 Num Totaxles POE Total Axle Count

302 ST 4.1 Num POEtotsp POE Total axle spacing

306 ' 1 Num KP axle POE Axle preceeding KP

.Notes: 1) Al axle spacings are in feet and tenths of feet.

 2) All axle weights are in pounds. ‘
3) A "Y"in TESTFLAG variable indicates special test vehicle.
- 4) All numeric and free space variables are zero filled.
5) A size of X.Y indicates X total bytes with implied
decimal point located Y digit(s) from the right.

(ﬁguré 7 cont)
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Fugit

" IDAHO TRANSPORTATION DEPARTMENT
Weigh-In-Motion Calibration Factor File
b e ‘Output Record of "Far:tqr‘” Program - 28 Byte format

‘fjé‘Fﬁﬂd
 Size Type Name Description

6 Num Weightcl Startg Wt of Affected Wt Interval
6.3 Num Mreldiff Mean rel diff factor applied

.6 Alpha Device .~ System Ildentification Code

6 Alpha  Date ;YYMMDD format

1)  Weightcl is the minimum GYW calzbrated usmg tkls factor
E The maximum is one pound less than the next Weightcl.
Mpreldiff is the mean relative difference factor for this weight class as
determined in the POE/WIM calibration test. The factor is multiplied by the
- weight, and then the product is subtracted from each weight ;
* (calibrated weight = raw wezght (raw weight x factor)).
Only WIM records with a matchmg system zdentzﬁcauon code are
- calibrated using this factor file.
~ Only WIM records collected later than the Sactor file date are cahbrated
. using this factor file. ,

FACTOR FILE SAMPLE

Mreldiff ~ ~ Device - Date
-0.174 wgrol5 930810
-0.118 wgr015 - 930810
- =0.075 wgrol5 930810
0097 werols 930810
-0.036 | wgr0l15 930810
0042  wgr0l5 930810
-0.002 wgril5 930810
--0.063 o wgr0l5 - 930810
0040 wgrol5 - 930810
, 0002 wgrod0 930810
40000 0035  weredo 930810
50000 0125  wgri40 930810
60000 0.093  werodo 930810
70000 0133 wgrodo 930810
80000 0.076 wgro40 930810
L 90000 0.131 - wgr040 930810
| 100000 0174 " werodo 930810

~ (figure 9)
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ABSTRACT Y

This paper descnbes the tests. bemg performed by the Georgla Tech Research Institute.(GTRI)
and the Georgia Department of Transportation (GaDOT). Funding for this project was provided
by the Federal Highway Administration (FHWA) Office of Highway Information Management.
The objectlves of these tests were to determine the accuracy of vehicle counting devices, the
adequacy of equipment to correctly sort vehicles into the 13 FHWA vehicle classes, the accuracy
of automatic measurement of overall vehicle length, the effects of vehicle and axle sensor
technology on the accuracy of the vehicle classification, and the effects of veh1c1e repetltlons and
weather on pneumatic tube (and other) axle sensors. -
" The tests were conducted on a high-volume interstate in the metro Atlanta aree;wh,ere
th’ere was a good mix of vehicles for all FHWA vehicle classes except triple trailors which are
_illegal in Georgia. All the devices were installed in a single lane and testing was conducted
simultaneously on the same traffic stream to ensure a fair comparison of the devices. Each vehicle
‘was manually 1dent1ﬁed using video tapes from a camera mounted above and to the side of the
traffic lane. Markmgs on the roadway were used to derive vehicle length and axle spacing.on
each of the vehicles. The tests included two 48-hour tests for detailed vehicle-by-vehicle analys1s
and a 7-day test to determine long term effects on the vehicle classification devices. :
The setup, performance, analysis methods and general results of the tests as well as the
problems encountered are presented in this paper. : : A ~

BACKGROUND & PURPOSE OF TESTS

‘ Trafﬁc momtormg equlpment and especially automatic vehicle clas31ﬁcat10n (AVC) equlpment are '
‘a very important part of an overall traffic management system. Many new devices are currently
being marketed which are designed to not only monitor traffic density and speed, but also to

~ classify vehlcle into the 13 FHWA Vehxcle classes. The accuracy of the clasmﬁcatlon mnct1on of

these devices. should be mdependently Verlﬁed under normal operating conditions. The. tests

‘ descnbed in tl’us paper were used to test nine (9) vendor's equipments including 14 sensor sets of
these AVC devices in a 31de-by—51de test under normal traffic conditions. :

There have been significant changes in the SOphlSthatloﬂ and technologlcal approaches to
the gathermg of c1a351ﬁcatnon and volume count data since the completion of the testing of vehicle

- classification dev1ces by the State of Maine in 1984 for the FHWA. (/) This has included the use

- of new types of sensors, such as plezoelectrlc axle sensors, and the. development of programmable
classifiers that allow the user to specify the dimensional thresholds for various vehicle, types.
Also, many of the new Vehlcle classifiers have the ablhty to retain md1v1dual vehicle mformatlon

: rather than stmply bmnmg or summmg the vehicles into spec1ﬁed time mtervals ’ :
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The devices being tested in this project were commercially available devices representing
the current state-of-the-application; classification devices as of September 1992; when the project
began. The tests were conducted using off-the-shelf components and not prototype or
developmental devices, - Vendors of vehicle classification devices were requested to participate in
the tests.by providing classification data recording equipment (on loan) and to participate in the
installation, check-out and calibration of their equipment at the test site. The sensors used for the
tests were specified by the vendor and purchased by the project. :

The objectives of the test were to: o

+ e.Determine the accuracy of’ vehicle counting devices. ' :

e Determine the accuracy of various types of equipment to correctly sort Vehl,cles mto the
' 13 FHWA vehicle classes (as identified by the FHWA Traffic Monitoring Gulde)
7 o Determine the accuracy of automatic measurement of axle spacmgs wheel base length
- and overall vehicle length. A : :

“ e Determine how vehicle and axle sensor technology ai’fects the accuracy of the vehrcle
3 classification. : L

e Determine the effects of vehicle repetmons heavy axle loadmgs and weather on
pneumatic tube axle sensors

TEST SET-UP & INSTALLATION

The tests were conducted on the shoulder lane of Interstate 20 near Covington Georgia, 30 miles
east of the metro Atlanta area. This particular location was chosen for several practical reasons
including available shoulder space for installing an equipment trailer, available power, and a
conveniently located overpass. This section of the roadway met the conditions for the test
including radius of curvature greater than 1740 meters (5700 feet), a longitudinal gradient of less
than:2 percent, and a cross-slope of less then 2 percent with 46 meters (150 feet) available for
sensor locations. The width of the roadway lanes were between 3 and 3.7 meters (10 and 12
feet), the pavement surface is relatively smooth, and the normal traffic flow is in the range of 19
and 40 kilometers per hour (30 to 65 miles per hour). The test site also had a good mix of
vehicles for all FHWA vehicle classes except triple trailers (FHWA Class 13) which are illegal in
the state of Georgia. Average daily traffic for the test lane was approximately 10,000 vehicles.

The sensors required by each of the classification device vendors were installed mostly
under the superVision of vendor representatives or with provided instructions. The vendors
participating in the test used only piezoelectric axle ! sensors, or some combination of piezoelectric
axle sensors and loop sensors: Table 1 contains a list of the vendors participating in the tests and
the ‘sensor configuration used. The sensor configuration is depicted using "P" to indicate a
piezoelectric axle sensor (voltage output), an "L" to depict a magnetlc loop and "PR" to denote a
piezoelectric resistive device. Therefore a "P -L-P" conﬁguratlon uses two plezoelectrrc Sensors
wath a loop in between. '

" Installation of the vendor's classification equrpment began in December 1992 and was
cempleted by April 1993. Winter weather was one factor which delayed the installation, but
perhaps the single most significant factor which delayed the installation was sensor and system
failures. A total of six of the piezoelectric sensors had to be replaced due to failures. Also, tape
was applied to the plezoelectnc sensors surface to provide greater impact to the sensor in order to
produce a stronger output signal. It turned out that S of the vendors required multiple visits to
get their equipment operating to their satisfaction. GTRI also madeé considerable efforts to debug
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’Table‘l. Equipment Vendors and Conﬁguration‘s

1 - VENDOR - MODELS | CONFIGURATION
Peek Traffic, Inc. o TrafiCOMP 111 P-L-P
e GK-6000 P-L-P
‘ B L-P-L
Mikros Systems » ~ TEL-2CM , L-P-L
PAT Equipment Corporation, Inc. -AVC-100 - P-L-P
‘ AVC-100 L-P-L
Diamond Traffic Products TT-2001 | P-L-P
| International Road Dynamics, Inc. | TC/C 530-4D/4P/AL PR-L-PR
‘ : L , P-L-P
Mitron Systems Corp. ) "MSC-3000DCP | P-P
Golden River Traffic, Ltd. Marksman 660 P-L-P - fauT
| Electronic Control Measure _ HESTIA . .~ PL-P i
TlmeMark Inc. ol Deltall. .. P-P ‘

the equrpment from four of the vendors. In splte of these efforts one vendor (not lncludj
Table 1) withidrew from the test after installing sensors, and one vendor was not able to get 1ts
classifier workmg in time for the first test. These failures and problems resulted in weeks "
delays in executing the first test ongrnally scheduled for Ianuary 1993 but not conduct’ed until
May

To monitor the traffic at the test srte two cameras were installed. The ﬁrst camera was
1nstalled on an overpass at the end of the test site to monitor vehicles changmg lanes wrthm the
test area. The second was mounted on a utrhty pole off the side of the road pomtmg down at the
test lane at a 30° angle Two specially mounted street llghts were used to illuminate the test lane
at mght The pole camera was used to record the individual vehicles in the traﬁic stream as they
passed through the test site. The video tapes of the traffic stream were used during the data
reduction to form the ground truth (or reference) data which listed VBthle class axle spacmgs and
overall vehicle length for each vehicle which passed through the test site.

: F1gure 1 deprcts the test set-up used for this project. A moblle trailer was used to house
computer equipment, the video recording equrpment for the pole camera, and the test persormel
The pole camera was mounted on a pole approximately 13 .4 meters (44 feet) above the surface of
the road and 21 ‘meters (69 feet) from the side of the road The class1ﬁcatron equrpment was
installed along the right-hand lane of the highway with spacing sufficient to, insure no mterference
between vendor equipment (60 feet between loop sensors of different vendor systems). Some of
the vendor's equrpment had to be modified (prlmarrly software modlﬁoatlons) to provide
individual velncle records. In some cases, portable computers were requ1red to prowde the

storage capamty needed to store individual vehicle records.

A camera was mounted on an overpass near the end of the test site to prov1de a record of
velncle changmg lanes within the test site. This data was used to eliminate vehicles from the test
whrch enter or leave the right lane within the test site. The resulting grOund truth data was a file
listing the vehicles which passed over all of the classification sensors and can be cla551ﬂed by the
video from the pole camera.
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POLE CAMERA . LANE-CHANGE CAMERA

0 g T L OVERPASS
VENDOR EQUIPMENT ‘
(VEHICLE GCLASSIFIERS) -

o

MOBILE TRALER

Figure 1. Vehicle Classiﬁcation Test Site-
THE TESTS ' o

“The requrred tests for the pro_;ect mcluded two 48-hour tests for detaried vehrcle-by-vehrcle
analysis and a 7-day test to obtain longer term accuracy statistics. The classifier data collected
during the 48-hour tests were compared on a vehicle-by-vehicle basis with the ground truth data

‘ Ved from the pole camera and the lane-change camera. During the 7- day tests, the

class1ﬁers were programmed to collect vehicle counts for each vehicle class over 15 minute

: ThlS binned data was then compared to similarly binned ground truth data to obtain

longer term statistics for each of the classification systems. ‘

__The first test was a 48-hour test conducted on May 5 - 7, 1993. The video cameras and
computmg equrpment used to conduct the test worked flawlessly throughout the test. At the time
of the test, one vendor's classifier was not operational. Another vendor's classifier apparently had

a software crash about half way through the test. A third vendor's equipment had repetltlve

failures that had to be corrected by resetting the unit. Another unit failed to recognize the

nce of an external memory card and did not have enough memory to store the vehicle
classrﬁcatron data for the entire 48 hours. Most of the equipment did however work as intended
for the entire 48-hour test.

Along with video recordmg of traffic, air and road surface temperature measurements
imade every 15 minutes. The weather for the test was clear and warm with air temperatures
ranging from 13 to 30°C (55 to 86°F). The pavement temperatures ranged from 17 to 48°C (63
to 118° F). No preclpttatlon was noted and the pavement remained essentially dry for the entire
test. Therefore the first 48-hour test provided data to determine operation of the classrﬁcatron
and test equrpment under nearly ideal conditions.

" The second 48-hour test was conducted on September 9-11, 1993. All of the vendors
hsted in Table I participated in the second test with the exception of one which pulied out of the
tests due to piezoelectric axle sensor failures. One classifier received a software upgrade between
the first and second test, but the upgrade apparently had a bug which was not detected until the
data reductlon This bug resulted in errors in the data recorded which prevented meaningful data
reductron The weather conditions for the second 48-hour test were air temperatures ranging
from 17 to 29°C (62 to 84°F) pavement temperatures ranging from 16 to 43°C (61 to 110° F)
and no precipitation.

i16
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The augmented -pneumatic tube test was conducted in- parallel with the second-48-hour
test. - Two pairs of pneumatlc tubes were used to monitor the traffic in both westbound lanes
through the test site. One pair was used to monitor the outside (slow) lane, and one pair was
placed across both lanes. The tubes were connected to a single classifier and configured as two
separate lanes. The purpose of the test was to determine if the traffic in multiple individual lanes
could be accurately monitored using the pneumatic tubes. Unfortunately, the classifier was
- accidentally configured to store only the sum of the two lanes, resulting in little of the desired
mformatlon berng collected Currently, a repeat of thls test is planned in conjunctron with. future
tests. :

The 7-day test was conducted in conjunctron wrth the second 48-—hour test. At the end of
the second 48-hour test, the recording modes of the classification equipment were changed to
record sums of the vehicles in each class every 15 minutes: This binned data was recorded for
five more days. The data from each vendor's equipment for the first 48-hours of the test were
converted to binned data and combined with the binned data from the last 5 days of the test to
give a full seven days of binned data. This data was then used to complle long term statistics on
the performance of each classifier.

Orlgmally, a third 48- hour winter test was. scheduled for this project. Unfortunately,
construction to widen the interstate prevented the winter test from being conducted. The:road
construction resulted in the test site being paved over. A test is currently under way to determine
if and how accurately the. cla551ﬁers can monitor the trafﬁc stream after the | pavm g is completed

DATA REDUCTION

The data reduction required for this project consisted of two phases for each test. The first phase,

and perhaps the most time consuming, is the reduction of the video data to a baseline set of
vehicles with classifications, length and axle spacings. The baseline set of data is referred to as
the ground truth data for the test The second phase involves comparing the ground truth data to
the data collected by each of the vendor's classification equipment.

Video data reduction from the pole camera is being accomplished using the Computer
Vehicle Classification/Reduction System (CVCRS) developed by GTRI for this project. . The
CVCRS consists of a PC/486 computer with a video capture and processing card installed, a
second VGA monitor, and a video cassette recorder (VCR). Custom software was written to
allow a user to measure overall vehrcle length measure axle spacmgs and classrfy each vehrcle in
an efficient manner. | ‘ ~

- Calibration marks in the test lane allowed the user to calibrate the CVCRS measurements
and to correct for the viewing angle of the camera. The pole camera video tape of the traffic
stream included a time stamp which was read by the CVCRS and stored with each vehicle record..
An initial classification of the vehicle is performed by the software based ‘on the axle spacing. The
user has the option of accepting or modrfymg the classification based on the written FHWA
classification guidelines. - ~ ; :

- The accuracy of the measurements made by the CVCRS ‘was tested using a specrally
marked and manually measured test vehicle provided by the GaDOT. The test vehicle was driven
through the test site several times at varying speeds during the first 48-hour test. The tests
revealed that the mean error of the CVCRS measurements ‘was 6.1 cm (2 4 mches) and the
standard devratron was 3.3 cm (1.3 mches) :
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. Video data reduction from the lane change camera consisted of identifying vehicles which
entered or exited the test lane within the length of the-test site. The vehicles which did change
lanes were removed from the ground truth data record for the 48-hour tests. The resulting data
set included only vehicles which passed completely through the test site without changing lanes.

The second phase of the analysis began with the conversion of data from the specific
formats of the individual members to a single, standard format for analysis. The results of the
individual classifiers were then compared against the ground truth data and a statistical analysis
performed. The object of the analysis was to answer the following questions: 1) How accurately
do the various type of vehicle classifiers sort the traffic stream into each of the FHWA 13 vehicle
types?; 2) For those vehicles that may be incorrectly classified by a device, into what class did the
device place.the vehicle?; 3) For those devices with the ability to measure axle spacing, how
accurately monitored was the axle and distance information?; 4) For those vehicle classification
devices that allow the operator to set the dimensional thresholds between: various vehicle classes,
how accurate were these devices as defined by points 1 through 3? [Note: FHWA scheme uses
axle count and units to define vehicle classes, and not axle spacings.]; 5) How is equipment
accuracy affected by vehicle speed?; 6) How is equipment accuracy affected by the percentages of
vehicles with more than two axles in the traffic stream being measured?; 7) What is the impact of
pavement and/or air temperature on the equipment accuracy?; 8) What is the impact of
precipitation on the equipment accuracy (including wet pavement)?; 9) How accurately can
devices monitor overall vehicle length as a function of vehicle speed, traffic volume, temperature,
or vehicle mix?; 10) How is the device accuracy affected by the sensing device used?; and 11)
Does accuracy change over time? |

- The binned data from the 7-day test was used to determine the long term accuracy of the
classifiers tested. The total vehicles counted in each class and the number of axles counted were
compared against the ground truth data for the 7-day test. Total count volumes and percent
differences were compared to determine the counting accuracy of the classifiers. -Also, statistics
on the accuracy of the classifiers during the first day of the test were compared against the
accuracy's during the last day of the test to determine if the accuracy was affected by the tlme in
operation of the clasmﬁers '

GENERAL RESULTS

In thls ‘paper, only the general results of the test will be dnscussed The performance of individual
classifiers cannot be released at this time. The results for each classifier will be included in a final
report for the project due to be published in October 1994. ThlS report will be widely circulated
within the FHWA offices and the state DOTs.

‘Experiences from the installation and check-out of the sensors and classifiers resulted in
several conclusions of interest. First, while the inductive loops caused no problems, roughly 1/3
of piezoelectric axle sensors installed failed and had to be replaced. Also, the in-pavement
piezoelectric sensors were very sensitive to installation depth and the rigid sensors were difficult
to install with even very slight rutting in the lane. These problems are not entirely unexpected and
have been addressed in an earlier report (2) Often the classifier sensitivities had to be adjusted to
obtain proper response for all type and sizes of vehicles. :

- Most of the classifiers tested worked without any or with very minor problems when they
were first installed. Most, however, required some calibration or adjustment in order to optimize
their performance. In some case, this adjustment required the devices to be opened to access
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internal adjustments while in other cases, the adjustments were made using software. This did
show that many of the devices are not simply turnkey devices, but instead would require
adjustments after mstallatlon This ‘would only be a minor problem if the devices were
permanently installed or used for long penods of time, but multiple adjustments may be required.

The vehicle classifiers tested used axle spacing as their primary information for
classification. As a result, it was very difficult. for most classifiers to distinguish between long
passenger cars (Class 2) and small pick-up trucks ¢ or minivans (Class 3) The analysis showed that
errors between these two classes accounted for a majonty of the classification errors.

Another problem that was antlctpated was t "‘,nusclasmﬁcatmn of pole trucks which are
in Class 9 (tractor trailers), carrying utility poles or logs The trallers on these units consist of a
long metal beam between the trailer axles and the front of the trailer. It was anticipated that the
classifiers would sometimes mistake the beam or ‘pole for a gap between vehicles and classified
the truck-traller combination as two separate vehicles. Where a Class 9-vehicle (tractor trailer)
was expected, the devices might sometimes classified it as a Class 6 (3-axle truck) and a Class 2
(car) vehicle. This problem turned out to occur only infrequently and did not significantly impact
the results of the tests.

‘The classification accuracy of the devices ranged from 63% to 79% for these tests. If
errors between Classes 2 and 3 are removed (classes combined), then the classification accuracy
increases to between 82% and 97%. The primary factor affecting the classification performance
of the devices tested was the reliability of the piezoelectric sensors to accurately count the number
of axles on the vehicle. For this test, a sensor error was defined as an erroneous axle count on a
vehicle. Figure 2 shows a plot of the classification accuracy of the devices as a function of the
percentage of sensor errors. Also plotted is the same information with vehicle Classes 2 and 3
combined. Sensor error do not affect the classification accuracy between Classes 2 and 3 since
both classes of vehicles have 2 axles. :

% Correct vs % Sensor Error

100

—a— % Correct: Test 2

: %Corréétty Classified
W
S

40 —a— % Correct (with 2&3): Test 2
30 , —o— % Correct: Test 1
20 —a— % Correct (with 2&3): Test 1
10 ,
) .5 10 15

%. Sensor Errors

Figure 2. Classification Accuracy vs. Sensor Errors
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: %Cérrgctly ClasSiﬁed :

0-20 20-40 ' 40-60 60-80

% Trucks -
0% Correct: Test2 ‘ ] % Correct (with 2&3): Test
B % Correct: Test 1 M % Correct (with 2&3): Test-

Figure 3. Classiﬁcatioh Accuracy vs. % Vehicles With Greatger Than 2 Axles

“The classifiers as a rule tended to most accurately classify standard tractor trailer vehicles
(Class 9). Figure 3 demonstrates the classification accuracy of the devices tested as a function of
the percentage of the vehicles in the traffic stream with greater than two axles (trucks). As the
percentage of trucks increased, so did the classification accuracy, with and without combining
Classes 2 and 3. This trend is a result of the fact that Class 9 vehicles were a large majority of the
vehicles with greater than two axles. .

The classification accuracy of the units tested was also assessed as a function of the air

and pavement temperature at the test site. Since the winter test was not conducted, the range of
temperatures experienced was rather limited. The data did, however, tend to show a slight
reduction in classification accuracy as temperature increased.
-~ The accuracy of the devices in measuring vehicle axle spacings was also assessed. The
magnitudes of the mean measurement errors for the devices tested ranged from less than 1 cm
(1/2 inch) to 13.4 cm (5.3 inches), but most were less than 6 cm (2.5 inches). The standard
deviation the axle measurements ranged from 10.2 cm (4.0 inches) to 85 c¢m (33.5 inches).

For those classifiers which measured overall vehicle body length (not wheelbase), the
accuracy of the measurements were also determined. A total of four classifier models recording
data from 6 locations recorded overall vehicle lengths. The magnitude of the mean error of these
devices ranged from 18 cm (7.2 inches) to 87 cm (34.2 inches). The standard deviation of the
errors ranged from 66 cm (25.9 inches) to 348 cm (137 inches).
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CONCLUSIONS

This study quantified the ranges of expected accuracies for the state-of-the-apphcatlon vehicle
classification devices (as of September 1992). It also provided information on axle spacing and
overall length measurement accuracies for the classifiers. The installation and operation of the
devices also prov1ded valuable results The overall results and conclusmns for this pro;ect
include: f - ~ ,
~e Piezoelectric axle sensor failures were a significant problem durlng and immediately after
mstallatlon A greater percentage of the flexible piezoelectric sensors falled than did ngld‘
Sensors. d
o Piezoelectric axle sensors performance was the key factor in the overall clas31ﬁcat10n
o ‘accuracy of the devices tested. Even shght rutting in the lane caused s1gmﬂcant problems
in installation and operation of most axle Sensors. e
e All of the Classifiers required some adjustments after mstallatmn some even required
disassembly of the cases to adjust internal elements. None were turnkey devices. ;
o Classification errors were most common between Classes 2 (passenger cars) and 3
(pickups and minivans).
o The most accurately classified vehicle was the tractor trailers (Class 9), probably due to
heavy axle loadings and unique axle configuration. '
e The measurement of axle spacings was very accurate for most devices.
e Overall vehicle length measurement accuracies were less accurate due to the use of
inductive loops to make the measurements. k ~
» The augmented pneumatic tube test should be repeated due to a setup error.

For more information on the performance of individual classifiers tested, refer to the
project final report due to be published in October 1994.

EARLY RESULTS FROM THE OVERLAY TEST

As of the writing of this report, the overlay test is in the early stages. At present, only the leveling
course of pavement has been applied to the test site. The thickness of the leveling course ranges
from about 1.3 cm (0.5 inches) to 2.8 cm (1.1 inches). Two more courses of pavement are
planned for the test site: a 3.8 cm (1.5 inch) layer, and a 1.9 cm (0.75 inches) surface layer.

After the leveling course was applied, the sensor outputs were examined and the outputs
of the classifiers were briefly assessed (no sensitivity adjustments made). The results of this early
assessment included:

e The inductive loops were unaffected.

o The piezoelectric axle sensor outputs were reduced, but were still of reasonable level. The
output signals tended to be more spread in time than before the overlay.

e Some of the piezoelectric sensors performed better after the leveling course had been
applied. This is probably due to the improved contact with the sensor surface eliminating
or reducing the affects of rutting,

e Several of the classifiers were still operational. The performance of the devices was
significantly degraded for small vehicles.

* Some of the classifiers have sensitivity adjustments which may improve their performance.
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, The results of the initial tests after the leveling course was applied have been sent to the -
vendors. The vendors have been requested to send suggestions for 1mprovement of the
performance of their clas51ﬁers ]

The remaining. pavement layers are expected to be completed some time in the fall of :
1994, After the pavement is complete, the plans are to perform a 4-hour test similar to the 48-
hour tests performed for the project previously. The analysis will focus on the usability and
accuracy of the devices after a sensor site has been paved over, The results are expected to be
useful in the planmng and maintenance of highway monitoring sites.
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Use of Data from Continuous Monitoring Sites

Herbert Weinblatt
Cambridge Systematics

Abstract

Data from continuous monitoring sites in four states were used to simulate short-
duration volume counts and to evaluate the effectiveness of various procedures for
factoring these counts to estimate annual average daily traffic (AADT). Some of the
findings are: ‘

e  Well-designed factoring procedures can reduce errors in AADT estimates by about
40 percent; ‘

e Factor groups that reflect geographic variations in day-to-day usage patterns tend
to work better than those that are based primarily on functional systems;

e  The conventional distinction between an "Urban Interstate” factor group and an
"Other Urban" factor group is of little value;

e Weekday 48-hour volume counts produce estimates that are only slightly better
than those produced by weekday 24-hour counts; and

e  Factors derived from data collected during the same year as the counts are taken
work appreciably better than factors derived from data collected in earlier years.

Estimates also were made of the significant overestimates produced by existing
procedures for deriving truck AADT from 48-hour weekday classification counts. It is
recommended that these overestimates be controlled by using separate factors for truck
classes or by collecting classification counts on both weekends and weekdays.
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Most of the material to be presented in this paper comes from a recently completed
study of the Use of Data from Continuoys Monitoring Sites performed for the Federal

Highway Administration (FHWA) (1). Some additional material was produced in the
course of developing a new traffic monitoring system for the Virginia Department of
Transportation (VDOT) (2). All results are presented in more detail in Volume II of the

FHWA study. G ' S
The primary focus of the paper is on the effectiveness of procedures for estimating -
annual average daily traffic (AADT) from short-duration traffic counts. In addition, the
paper touches more briefly on the imputation of missing data for continuous automatic

_ traffic recorder (ATR) stations, and the estimation of AADT by vehicle class. '

AADT ESTIMATION

AADT \éStiIVI‘i'a"tidn p‘rocé‘dures‘Were evaluated using actual and imputed trafﬁc data for

1992 from 183 continuous ATR stations in four states: Colorado, Illinois, Nebraska and

‘Washington. For each ATR station, each factoring procedure was tested by: )
1 khde‘}dopihg“ facfolrs‘ using data froﬁm all other ATR stations in the factof group;

2. applyihg the appropriate factors to each of the simulated coverage counts for
the station in question; and

3. i c0mparin‘gk the resulting AADT'estima‘tes to the station’s "actual” AADT as
_indicated by the available actual and imputed daily counts for the station. '

The evaluation procfedurel was applied to approximately 15,000 simulated weekday
counts covering 48hour periods starting at noon on Mondays, Tuesdays and
Wednesdays. T SRR L '

Effects of Alternative Factoring Procedures

Seven different factoring procedures, listed in Exhibit 1, were tested and evaluated, as
was the use of unfactored 48-hour counts as estimates of AADT. Procedure 4,
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Combined Month and Day-of-Week Factoring, is:the procedure recommended by the
American Association of State Highway and Transportation Officials (AASHTO) and
used by most states. Procedure 5, Combined Week and Average Weekday Factoring,
uses a separate "average weekday" factor for each of the 52 weeks in the year.
Procedure 6, Specific-Day Factoring, uses 365 separate factors, one for each day of the
year.

As Exhibit 1 shows, all seven factoring procedures produce substantially better,
estimates of AADT than the use of unfactored 48-hour counts; and differences in the
quality of the estimates produced by the different procedures are relatlvely ‘small.
The percentage mean absolute error (MAE) for the unfactored AADT estimates is 12.4
percent, but it drops to 7.0 to 7.6 percent when a factoring procedure is used. Over 18
percent of all the unfactored estimates have errors over 20 percent, but only about 5 to
6 percent of the factored estimates have such large errors. The error estimates shown
in Exhibit 1, and in the rest of this paper, are biased slightly upwards (probably by
about 0.2 to 0. 3 percentage pomts) as a result of the evaluation procedure used.

Effects of Fa‘ic"mrihgﬂby Type of Factor Group

Exhibit 2 shows the effects of factoring by type of factor group. The top part of the
exhibit indicates that, as would be expected, the best estimates of AADT are obtained
for urban factor groups and the poorest for the recreational groups. Of the 25 factor
groups used by these four states, only two groups (both of which are urban) produce
AADT estimates that meet the Traffic Monitoring Guide (3) goal of 10 percent
precision with 95 percent confidence. The exhibit also shows (in the column labeled
"Average Error") that use of unfactored weekday counts tends to result in
overestimating AADT on urban sections and underestimating AADT on rural and
recreational sections — though these biases are e largely eliminated when factormg is

used.

The bottom part of Exhibit 2 shows the effects of changing the factor groups that are
used. Three of the four states use either separate recreational groups or groups that
incorporate some geographical distinctions. The last line of the exhibit shows the effects
of eliminating the recreational groups and all geographic distinctions while increasing
the number of functional systems distinguished (generally from four to six or seven).
The change produces some deterioration in the quality of the AADT estimates, especially
for Colorado, indicating that recreational and geographically defined groups are more
effective than functional-system groups.
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Exhibit 3. Effects of Alternative Urban Factor Groups on AADT Estimates

| H | separate Groups | Combined Group
|| Urban Interstate o " o '
Percent MAE . 48% _ 4.7%
P (Error > 20%) 0.9 | 0.9
| Urban Other || Y |
Percent MAE || 49 4.8
P (Error > 20%) | 10 1.0

All factoring performed with the current-year "Combined Week and Average
Weekday" procedure.

Urban Groups

Exhibit 3 compares the quahty of AADT estimates produced when separate "Urban
Interstate (IS)" and "Other Urban" factor groups are used with those produced when the
IS/other distinction is ‘dropped. As can be seen, there is virtually no difference in the
quality of the estlmates, suggesting that the use of separate "Urban IS" and "Other
Urban" groups is an inefficient use of resources. We suggest that states wishing to use
more than one urban factor group consider using three: "normal”; "low weekend"
(covering industrial areas and portions of the Central Business District with relatively
low weekend ftraffic); and "high weekend (covering roads that provide access. to
suburban retail complexes).

Counting Periods |

Exhibit 4 compares the results of using simulated 48-hour counts with those produced
with simulated 24-hour counts. The shorter counts produce only a shght increase in the
MAE (from 7.4 percent to 7.6 percent), but a somewhat larger increase in the percentage
of errors that exceed 20 percent (from 5.8 percent to 7.2 percent). Most of the
deterioration actually occurs on roads with low to moderate traffic volumes, with the
difference between 24 and 48-hour counting being fairly 1n51gmf1cant for high-volume

roads. We conclude that the longer counting period has only a minor effect on the

accuracy of estimates of total AADT, though 48-hour counting periods make it possible
to check the consistency of the results for the separate 24-hour periods and to use hourly

data from one 24-hour perlod to replace missing hOurly data from the other period.
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Exhibit 4. Effects of Alternative Counting Periods on AADT Estimates

, | Mean Absolute Error 'Avérége Error | P(Error > 20%)
48 Hours  74% 02% | 58%
24 Hours 76 03 72

All factoring performed with the current-year "Combined Week and Averagé Weekday"
procedure.

"Historic" Factors

All results reported in Exhibits 1 through 4 were developed using "current-year” factors;
i.e., they were developed for the year in question (1992) using factors derived from
actual and imputed data for that year and applied to short counts collected in that year.
AADT estimates for a given year using current-year factors cannot be developed until
after the year is over. A few states develop such estimates early in the following year
and also develop preliminary estimates of AADT using factors derived from continuous
counts collected in the preceding year. However, most states only use factors derived
from data collected during earlier years, frequently using three to five years of data.

Exhibit 5 compares the effectiveness of applying current-year factors to simulated 48-
hour counts for 1992 with that of using two-year-old "historic” factors. The results are
presented for Illinois and Nebraska, the only two states for which we had 1990 data.

Exhibit 5 indicates that historic factors do not work as well as current-year factors —
current-year factors reduce the MAE from 10.1 percent (without factoring) to 6.8 percent,
but the historic factors reduce MAE only to 8.2 percent. Also, although current-year
factors produce an insignificant average error of -0.2 percent, the 1990 factors produce
an average error of +3.5 percent - indicating a relatively strong upward bias in the
AADT estimates. This result indicates that, between 1990 and 1992, weekday traffic
grew appreciably faster than weekend traffic, probably in part due to a recession-
induced drop in weekday traffic in 1990. The uneven growth rates between weekday and
weekend traffic were probably also the principal reason why the historic factors were
less successful than the current-year factors in improving the other error statistics.

The results presented in Exhibit 5 suggest that final AADT estimates probably should
always be derived using current-year factors. If preliminary estimates are required for
planning or design purposes, these estimates may be obtained using historic factors,
preferably for the preceding year only. Alternatively, preliminary estimates may be
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“Exhibit 5. Effect of "Historic" and "Current-Year" Factors on AADT Estimates for Two
States

| Mean Absolute Error Average Error P (Error > 20%)
Unfactored T 101 % | " S +05 % 11.4%
Current-Year Factors B 6.8 ) 02 | 4.1
L_{*I_lﬁtomc Factors ’ ‘ 8.2 | ‘ +35 58

Based on apphcahon of "Combmed Month and Day~ f—Week procedure to 48-hour |
counts from Ilhno1s and Nebraska ‘ ~

derived using data for any 12-month period that incudes the dates on which the count
to be factored was taken (e.g., September 1994 counts could be factored using data for
the period October 1993 through September 1994). This last alternative should produce
values that are good estimates of AADT for the 12-month penod represented by the data
used for developmg the factors

IMPUTATION

The AASHTO procedures for estimating AADT and for deriving monthly average day-

of-week factors (4) require the averaging of daily traffic volumes for each day of the
week in each month. For a given day of the week, say Tuesday, and a glven month, this
procedure can be used even if data is available for only one Tuesday in the month.
When data is missing for any Tuesday, the procedure effectively assumes that the
average traffic volume on the missing Tuesdays is the same as the average for the
Tuesdays that are not missing. Thus, the AASHTO procedure implicitly imputes traffic
Volumes for the missing days

Exhibit 6 presents the results of an evaluation of the accuracy of the AASHTO 1rnphc1t
imputation procedure. In this evaluation, actual counts for non-holiday weekdays were
compared to the values that would be implicitly imputed by the AASHTO procedure
if the counts were not available.  All imputed counts for any day, say a Tuesday, were
obtained using data from three or four other non-holiday Tuesdays in the same month.
Approximately 20,000 counts for non-holiday weekdays were imputed and evaluated,
using 1992 data from Illinois and Washington State. -
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Exhibit 5. Effect of "Historic" and "Current-Year" Factors on AADT Estimates for Two
States

-

Ir

, | - Meart Absolute Error | ,} AVeJrage;Error | P (Error > 20%)
| Unfactored E 01% | +05% | 114%
Current-Year Factors || e 68 5 | 02 o 4.1
| Historic Factors ! 8.2 +3.5 5.8

‘ Based on apphcatron of 'Comblned Month and Day—of—Week procedure to 48—hour

counts from Illmms and Nebraska :

derived using data for any 12-month period that incudes the dates on which the count
to be factored was taken (e.g., September 1994 counts could be factored using data for
the period October 1993 through September 1994). This last alternative should produce

values that are good estimates of AADT for the 12-month period represented by the data

used for developmg the factors

IMPUTATION

The AASHTO procedures for estimating AADT and for deriving monthly average day-
of-week factors (4) require the averaging of daily traffic volumes for each day of the
week in each month. For a given day of the week, say Tuesday, and a given month, this
procedure can be used even if data is available for only one Tuesday in the month.
When data is missing for any Tuesday, the procedure effectively assumes that the
average traffic volume on the missing Tuesdays is the same as the average for the
Tuesdays that are not missing. Thus, the AASHTO procedure implicitly imputes traffic
volumes for the missing days.

Exhibit 6 presents the results of an evaluation of the accuracy of the AASHTO implicit
imputation procedure. In this evaluation, actual counts for non-holiday weekdays were
compared to the values that would be implicitly imputed by the AASHTO procedure

if the counts were not available. All imputed counts for any day, say a Tuesday, were

obtained using data from three or four other non-holiday Tuesdays in the same month.

k Approxrmately 20,000 counts for non-holiday weekdays were 1mputed and evaluated,

using 1992 data from Illinois and Washington State.
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Exhibit 6. Precision of Imputed Values for Non-holiday Weekday Counts

'50% Confidence Interval +3.5%
80% Confidence Interval |  +8.0%
90% Confidence Interval |  +12.5%

Exhibit 6 indicates that approximately half the implicitly imputed counts differed from
the actual counts by no more than 3.5 percent, and about 80 percent of these counts

differed from the actual counts by no more than 8 percent. When interpreting these

results, it should be borne in mind that, if only one Tuesday count is missing for a

month with four Tuesdays, a 4 percent error in the value used for the missing count

produces only a 1 percent error in the resulting Tuesday factor for that month. We

attempted unsuccessfully to design a reasonably simple explicit imputation procedure

that would work better than the AASHTO implicit procedure. T ‘

Although the AASHTO implicit imputation procedure appears to be the best procedure
for handling data for missing days, when data is unreliable or missing for only a few
hours, use of the AASHTO procedure introduces more error than necessary. When only
a few hours of data are unreliable or missing, it is preferable to impute data for those
hours explicitly.

ESTIMATING AADT BY VEHICLE CLASS

Finally, we turn to the estimation of AADT by vehicle class. Exhibit 7 summarizes
information about the quality of AADT estimates by vehicle class derived from 30 sets
of simulated 48-hour weekday classification counts obtained at two moderately
dissimilar Strategic Highway Research Program sites on I-64 in Virginia.

The first column of Exhibit 7 shows the average error obtained when unfactored 48-hour
counts are used as estimates of AADT by vehicle class. Use of unfactored weekday
counts results in a consistent tendency to overestimate AADT for buses and for the four
groups of truck classes distinguished, with overestimates averaging 27 to 29 percent for
the three heaviest sets of truck classes. The overestimates occur because operation of
vehicles in all these classes generally is much higher on weekdays (when the counts are
being collected) than on weekends. On the other hand, the unfactored weekday counts
produce a tendency to underestimate total AADT and AADT of four-tire vehicles --
indicating that, at these two sites, both total traffic volume and the volume of four-tire
vehicles increase on weekends.
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Exhibit 7. Quality of AADT Estimates by Vehicle Class

BT | Unfactored | Distributed | Factored |
Vehicle Classes Average Average || Average | o
T }  Bmor. . } Error || Error MAE |
[25 atirevenices | m% | 4% | +01% | 19% |
4.  Buses FORRer +13 : +26 +05 23 B
5. 2axe singleunittrucks | +5 | 16 | 09 |31
6-7. 3+ axle, single-unit trucks | +29 J +38° +289 .| 52
8-10. Single trailer trucks 428 | +0 | +0 | 5
| 11-13. Multiple trailer trucks +27 437 04 | 9 |
lr ~ All vehicles 8% 0% | +04% | 19% 1

An alternative to the use of unfactored classification counts as estimates of AADT by
class is to use unfactored counts as the basis for distributing factored estimates of total
AADT across vehicle classes. This procedure frequently is used to estimate AADT by
vehicle class. The second column of Exhibit 7 shows that, for the two Virginia sites, this
procedure produces a somewhat greater tendency to overestimate truck and bus AADT.
In general, such an increase will occur at sites at which unfactored weekday counts tend
to underestimate total AADT, and the reverse will occur at sites at which unfactored.
weekday counts tend to overestimate AADT.

The above discussion indicates that the procedures currently being used in many states
tend to produce consistent overestimates of truck AADT and, accordin gly, produce
similar overestimates of truck vehicle-miles of travel (VMT). This finding explains

- why FHWA estimates of truck VMT have been found to be higher than estimates

derived from the sources (5). © =R ST

Finally, the last two columns of Exhibit 7 show the results of developing separate sets
of month and day-of-week factors for each of the six sets of vehicle classes, and applying
these factors to the corresponding 48-hour weekday classification counts. These columns -
indicate that factoring has little or no effect on the quality of AADT estimates for
single-unit trucks with three or more axles. However, for all other vehicle classes, the
factored counts produée AADT estimates with average errors of no more than 1.0 percent,
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though their mean absolute errors are fairly significant (ranging from 5 percent for
single-trailer combinations to 31 percent for six-tire trucks). This result indicates that,
for these vehicle classes, factored weekday counts can produce relatively unbiased
estimates of AADT by class, though the individual estimates may reflect a moderate
to significant amount of error. R

The relative lack of bias in the estimates of AADT by class suggests that the individual
errors will tend to cancel when a large number of AADT estimates are used.
Acc"or'dingl‘y, for these vehicle classes, VMT estimates derived from factored AADT
estimates are likely to be reasonably good and they will be free of the upward bias
that results when unfactored weekday counts are used. Other alternatives for
producing unbiased estimates of VMT by vehicle class are to derive these estimates from -
an appropriate mix of weekday and weekend classification counts or to perform all
short-duration classification counting over a period of seven days. R
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' SUMMATION: CONCURRENT SESSION, TRAFFIC DATA QUALITY

Frederickrpi'Orloskr,'FHWA”Reg;oﬁ<1;[A1bahy

I moderated Session 1B which was ofi’ trafflc data quality. We had two
presentations and a panel discussiof. ‘Each of the panellsts also gave
presentatlons.- We had some tlme for dlscu551on durlng that session.

The flrst presentation by [Rlchard] Reel, [from Florida DOT], talked about hlSr
efforts to develop a procedure for the polling and editing of their data.

They developed a procedure because of the increased amount of data they were
getting recently. They are up to some 200 statlons with' thelr polling every
night. This, T ‘think, was for volume data. He mentloned the process they .
were using previously. Before it took several people oné month to _pProcess the
data, edit it, and verify it. What they developed is ‘an automated procedure
that takes one person one week to edit the ‘data; so, it gets ‘edited quicker
with less time. It also applles to their classification data and truck weight
data. He gave some statistics on the truck weight data; for. example,' :
approximately 10 percent to 30 percent ‘of the data ‘they receive falls thELI
edit test. .

The State of Colorado has developed [an] expert system for edltlng thelr data. '
[Gregory] Fulton,v[from Colorado 'DOT], and George Hovey, [from In Motlon, .

Inc,], talked about the- development and 1mplementatlon of that system. [1t]

is an expert system based on knowledge of some englneerlng prlnClples. [The
work] con51sted of’ documentlng their exlstlng procedures and developing some
rules of ‘thumb :and procedures for engineering analy51s [that] they would apply
to every station and all the data that ¢ame in. Their procedure basrcally

consisted of developlng a. spreadsheet where the end result of the spreadsheet‘,,l

would- automatlcally hlghllght either an hour, a lane or a group of data that
was suspect. ‘It was easy for the data reviewer to pick’ [up] that item’ or,
element of the data and do further analysis. What they developed that was
unique was a graphlc presentation of historic data showing the ranges in means
for each hour or each vehlcle class; however they wanted to display the data.
They would show historic data on top of the current station data that they are
edltlng to see how it would fit into historic .trends. It was really easy to
get a quick picture of whether the data was reasonable or not based on |
hlStOIlC trends. ' ‘ -

The next item was a panel discussion by three states and by the SHRP _
contractor on developing editing procedures for SHRP data. The three states
that presented their procedures [were Virginia, Minnesota and Californial.
Gene Martin, from. Virginia [DOT] talked about his common sense approach to
editing their approximately 12 to 15 SHRP locations. His common ‘sense.
‘approach is based on the understanding of static versus dynamic weights and
the relationship between the two. One thing he emphasized was -for static
weights the standards allow for 0.2% variability, which on .an 80,000 ton
vehicle is 160 pounds, whereas the standards for WIM data allowed for a 10
percent to 20 percent variability, which could be 8,000 to 16,000 pounds
variability. So there is quite a difference in standards between static and
dynamic.

Minnesota procedures were discussed by Mark Flinner, [from Mlnnesota DOT],
which focused on knowledge of five-axle semis or class 9 vehicles. They
focused on this class because it was the most important vehicle. They looked
at Welghts of unloaded and loaded vehicles.
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California procedures were dlscussed by Rich Quinley, [from California DOT].
He talked about validating data depending on such things as roughness, the
calibration of equipment and the operation of the equipment. They were
focusing on speed data during their validation processing. They looked at
speed versus the weights that were being collected, and they found that at
approximately the 50-55 mph speed limit data was produced that had the least
variability. ’in‘that range, the variability was roughly 5 percent to 10
percent. He went on to further describe the two-level review process. The
first level looks at identifying loop problems and things out in the field
that could go wrong. . The second level review was concerned about weight
calibration, the axle spacing and the length data that was being collected..

The final presentation on the panel was by Mark Hallenbeck, [from Washington
State Transportation Center], who talked about his efforts with SHRP to
develop an editing process for SHRP data. He started by saying, that when
SHRP got started séeven or eight years ago, we all assumed that the states
would buy weigh-in-motion equipment. - It would be available, reliable and low-
cost. That was the goal of SHRP seven or eight years ago.  Well, we all know
that we are far from that today in many states. So we need to look at the
data. Basically, SHRP: does not. want states to be adjusting the data based on
professional judgment. They wanted some documented procedure that all the
states could use. The goal of SHRP was to develop this procedure to save
costs in the quality assurance testing of the data and also to assure that the
data submitted would be accurate. The quality assurance testing procedures
that they are developing look at the calibration of the data and the vehicle
volume by class. The basic concept was to identify unexpected values by
sight and by weighing.and then to provide information needed to determine if
the unexpected values are valid or not. The expected values must be lane-
specific based on class 9 vehicle weight distributions. SHRP is only going to
provide a tool, one of the many tools that can be used by states to edit the
data. = It [will not] say that, once you go through SHRP procedures, your data
is accurate. It is just a tool, and [the goal is] to get this information out
by the spring of 1994. ‘ : :

This sesSsion [concluded with] some discussion on what data should states
actually be sending SHRP. - First, SHRP said that they did not want states to
edit data at all. I think most states took it at face value and just sent
whatever data they collected into SHRP. SHRP now is saying that if you know
the data is bad, in other words, if there are zeros in the data because the
equipment was not working, you should not be sending that data into SHRP. We
do not really want data that does not have any vehicles associated with it.

It is really not useful. I think that is a llttle change for some states
because they were just routlnely sending it in.
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AUTOMATED EDITING OF TRAFFIC DATA IN FLORIDA
Richard L. Reel, Jr., P.E.
Transportation Statistics Office
Florida Department of Transportation

SUMMARY

Florida has implemented a system of programs that automatically poll each of
the continuous traffic monitoring stations every night and automatically
process the data collected. The polling routine automatically begins at 1:15

-~ AM each night. It distributes the approximately 200 phone calls required to
query each field counter among seven telephone lines. A CHECKSUM error
protocol is used to ensure that the computer captures the exact same data that
the counter sends. After receiving a station's data, the processing program
examines the data to ensure that the station and date are valid, 24 hours of
data are available for all lanes, and that none of the lane volumes exceed a
specified maximum. If the data fails any of these checks, the computer will
re-poll this site. If a site's data cannot be captured within 3 attempts, the site is
written to an error report. All sites that failed to successfully poll can be
manually re-polled by a system manager the next morning, if desired.

Usually all polling is completed by 6:30 AM.

Successfully captured data is summarized by station, date and direction, and
written to a database. An editing program examines the database and
determines whether the data is good or bad. Count records are edited for
consecutive hours of zeroes or the same volume, maximum hourly volumes
based upon the number of lanes, and whether the new counts (daily and
hourly) fall within reasonable ranges of previously accepted counts for the
same station. Class records are edited for an excessive amount of unclassified
vehicles and whether the volume of vehicles in each classification group are
about the same as previously accepted values. Edits to WIM data are
performed against the individual vehicle records. The WIM records are
edited for proper classification, offscale, vehicle length, gross weight, axle
we1ghts, axle spacings, wheelbase, and vehicle speed Only those records
passing all edits are passed to the program that calculates the 18 Kip
Equivalent Single Axle Loads and places them into the database.
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AUTOMATED EDITING OF TRAFFIC DATA IN FLORIDA
Richard L. Reel, Jr., P.E.
Transportation Statistics Office
Florida Department of Transportation

1. POLLING SYSTEM INTRODUCTION

Florida has implemented a system of programs that automatically poll each of
the continuous traffic monitoring stations every night and automatically
process the data collected. The system is designed to operate on a VAX
minicomputer that uses an ORACLE relational database. The polling routine
automatically begins at 1: 15 AM each night. It distributes the approximately
200 phone calls required to query each field counter among seven telephone
lines. If a line is lost during the polling process, the stations allocated to that
line are re-distributed among the still active lines. A CHECKSUM error
protocol is used to ensure that the computer captures the exact same data that
the counter sends. If the computer has difficulty capturing the data from a
counter, the computer will try up to 3 times to download the data. Our
experience indicates that no two phone calls are routed along the same lines,
thus the chances of getting a noisy phone line the second time a site is called
are reduced. If a site's data cannot be captured within 3 attempts, a message is
written to an error report. All sites that failed to successfully poll can be
manually re-polled by a system manager the next morning, 1f desired.
Usually all polling is completed by 6:30 AM. -

Whlle the computer is polling the field counters for their data, it is a