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ABSTRACT

A variety of Intelligent Transportation Systems (ITS) have been tested and proven to be practical
solutions for commercia vehicle safety enforcement. Many systems have already been deployed in
the USA and abroad. Many other systems are being tested and refined for future deployment. A
system that has been in use for many years is weigh-in-motion (WIM). While the practice of
weighing heavy trucks at highway speeds has been in use for several years, the systems continue to
be refined in order to achieve optima performance. This paper examines the feasbility and
applications of weigh-in-motion systems in overweight vehicle enforcement in today’ s 24-hour per day
environment.
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RESUMEN

Unavariedad de Sistemas de Transporte Inteligentes (ITS) se puso a pruebay resultd ser una solucién
préctica parala seguridad de los vehiculos comerciales. Muchos sistemas ya se han puesto en uso en
los Estados Unidos asi como en € extranjero. Muchos otros sistemas se estan examinando y
refinando para su uso en € futuro. Un sistema que se ha usado por muchos afios es € peso en
movimiento (WIM). Mientras la préctica de pesar los camiones pesados a velocidades de carretera
se ha usado por varios afios, se continta refinando los sistemas para lograr un funcionamiento Gptimo.
Este ensayo examina la viabilidad y las aplicaciones de los sistemas de peso en movimiento en
cumplimiento forzoso de los vehicul os sobre pasados de peso en e ambiente actual las 24 horas d dia

Palabras clave: Sistemas de Transporte Inteligentes (ITS), seguridad, las 24 horas al dia,

RESUME

Une variété de Systemes de Transport Intelligents (STI) a été testée et reconnue comme étant des
solutions pratiques pour le renforcement de la sécurité des véhicules commerciaux. Plusieurs systemes
sont d§a en cours d utilisation aux Etats-Unis et a |I'éranger. Beaucoup d'autres systémes sont
actuellement examinés et perfectionnés pour leur usage dans le futur. Un systéme qui a éé en
utilisation depuis plusieurs années est le pesage-en-marche (WIM). Alors que la pratique du pesage
des poids-lourds sur les autoroutes est en usage depuis plusieurs années, ces systémes sont
perfectionnés continuellement dans le but d’ obtenir la performance optimae. Cet examine la
faisahilité et les mises en application des systémes du pesage-en-marche (WIM) dans le cadre d'un
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contrdle continu, 24 heures sur 24, dans I’ environnement actuel, des véhicules qui sont en excés du
poids réglementaire.
Mots-cles. Systemesde Transport Intelligents (STI), renforcement, sécurité,
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1. Introduction

The current system of weighing trucks a roadsde weigh dations is expensive, inefficient, labor
intensve, and time consuming for both legd trucks and enforcement officers. This paper presents
the concept of alowing safe and legd trucks to move fredy throughout the United States. The
concept is caled eectronic screening employed on a 24-hour-7-day-aweek (24/7) badss and is
supported by weigh-inr-motion (WIM) and autometic vehicle identification (AVI1) technologies.
WIM cdibration is accomplished using a “feedback loop” between the WIM system and the Satic
scaes a the weigh sation.  Further, current laws will require modification to accommodate 24/7
operating practices in an unmanned environment.

Why are we concerned with overweight trucks? Estimates vary greetly, but according to one study
completed by the Texas Transportation Ingtitute, overweight trucks cost the State of Texas between
$6 million and $48 million each year in road damage (Texas Trangportation Inditute 1999), and
those costs are expected to rise with the increasing number of trucks needed to deliver increasing
amounts of freight.

Increasing truck traffic creates the need to improve weight enforcement methods. For example,
truck traffic in lowa has increased over 300% in the past 30 years. At the same time the lowa DOT
has only approximatdy 120 motor vehicle enforcement officers to cover 10,500 miles of highway.
Vehicle-miles traveled by truck in lowa are expected to increase to 41 hillion miles by 2020,
equating approximately one officer for every 34 million-miles traveled by truck. For the enforcement
officer to be effective in this environment, creative solutions are required. Using automated
electronic screening, a system can be developed that will enable automated unmanned 24/7
roadside enforcement activity.

This paper presents the concept of applying dectronic screening to enforce overweight, safety and
credentias regulations on a 24/7 basis. Furthermore, the paper discusses the legal issues involved
when implementing automated eectronic screening and suggests an approach to implementing 24/7
enforcement activity.

2. Electronic Screening

Electronic screening is a process that alows commercid vehicles, whether operating intrastate or
interstate, to pass a check point (eg., weigh dation) at mainline speeds without stopping to be
checked for proper credentids, weight, and safety status.  Checking vehicle weight a mainline
speed is accomplished usng AVI and WIM. Credentia and safety checks are supported by
roads de databases. Figure 1, Typicd Electronic Screening Configuration, illustrates the relationship
between subsystems.

The vehicle identity is communicated to the roadside processor using AVI. The roadside processor
correlaes the vehicle identity with the WIM data, safety data, and credentials data. Lega vehicles
are given an in cab green sgnd to proceed past the weigh Station, and potentidly illegd vehicles are
given ared light to pull into the weigh gtation for further observation.
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Typical Electronic Screening
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Figure 1-Typical Electronic Screening Configuration

2.1 Automatic Vehicle I dentification

An AVI sysem conssts of trangponder, antennas, and readers. The reader transmits Radio
Frequency (RF) energy over an adjustable area cdlled the read zone or reader footprint. The
trangponder on the vehicle responds to the reader interrogation by sending the vehicle ID to the
reader receiver. This processis caled dedicated short-range communication (DSRC).

2.2 Weigh-In-Motion

Weigh-in-motion (WIM) is the process of measuring the dynamic tire forces of amoving vehicle and
edimating the corresponding tire loads of the static vehicle. Gross-vehicle weight of a highway
vehide is due only to the locd force of gravity acting upon the composite mass of al connected
vehicle components and is distributed among the tires of the vehicle through connectors such as
Sorings, motion dampers, and hinges. Highway WIM systems are capable of estimating the Satic
gross weight of a vehicle as wdl as the portion of this weight carried by the tires of each whed
assembly, axle, and axle group on the vehicle. The dtatic weight is estimated using the measured
dynamic force and cdibration parameters. The cdibration parameters account for the influences
that factors, such as vehicle speed, pavement condition, and suspenson dynamics, have on
esimating the static weight. WIM cdibration is hecessary to ensure that the Static weight estimates
are accurate within an acceptable tolerance.  Estimating the gtatic weight of the vehicle within an
acceptable tolerance is key to providing an automated 24/7 roadside enforcement operation.
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Generdly, there are three types of welgh-in-motion (WIM) systems. bending plate,

piezodectric sensors, and load cdl. The Bending Plate WIM systems utilize plates with strain gauges
bonded to the underside. Asavehicle passes over the bending plate, the system records the strain
measured by the strain gauge and calculates the dynamic load. Piezodectric WIM systems utilize
piezo sensors to detect a change in voltage caused by pressure exerted on the sensor by an axle and
measures the axle€ sweight. Load Cdl WIM systems utilize asingle load cdll with two scaesto
detect an axle and weigh both the right and left Sde of the axle smultaneoudy. (McCall and
Vodrazka 1997) Typica bending plate and load cell technologies and recommended ingtdlation
procedures can be used in mainline eectronic screening gpplications. This paper introduces a
technique called “feedback loop” to provide continued cdibration of the WIM ste based on dtatic
scdeweghts.

24 WIM Calibration

Cdlibration is used to ensure that the estimation of the static weight produced by the

WIM system is as close to the Static weight as possble. WIM is cdibrated to offset the effects of
dte conditions, such as pavement temperature, vehicle speed, and pavement conditions. These
factors can influence the weight estimated by the system. Cdlibration may be done by comparing the
esimation from the WIM system to the actud dtatic weight of a number of different types of trucks
typicaly observed a the weigh gation location. The American Society for Testing and Materids
(ASTM) Standard Specification E 1318-94 concerning highway WIM systems lists the ASTM
recommendations for the cdibration procedure. However, a cdibration procedure that is capable
of supporting 24/7 roadsde enforcement must be rigorous and produce WIM datic weight
esimates that are within a tolerance that is acceptable to law enforcement, trucking, and judicid
communities. In areastha are usng WIM systems for direct enforcement applications (i.e., Eastern
Europe, South America, Asa), the precison standard commonly employed for direct enforcement
applications of WIM scdesis+ 5% at the 95% level of confidence, (Curnow, 1998). This standard
could be applied in the USA aswell asit meetsthe ASTM Standard E 1318-94.

The current WIM cdlibration process requires manud intervention.  Trucks crossng the WIM
scades are manudly identified at the WIM site, and the weight data are recorded at the WIM site.
The identified truck is directed to the weigh dtation static scades and weighed. The trucks are again
identified manudly to make sure the same truck weighed on the WIM is being weighed daticaly.
The WIM edtimate and the Static weights are compared and the calibration factor caculated. The
cdibration factor is manudly entered in the WIM to correct estimates. The process is time
consuming and expendve and therefore, enforcement agencies are reluctant to cdibrate the WIM
dte. Assdte conditions change, the WIM system must be recalibrated.

The proposed concept, using a “feedback loop”, removes manua intervention, can be automated,
and can be done frequently. Electronicaly connecting the WIM cdibration factor caculation to the
weigh dtation atic scde weighing is called a*“feedback loop”. Figure 2, Electronic Screen Mainline
WIM Cdibration System, is a logicd diagram of the proposed eectronic screening cdibration
sysem. The feedback loop will use the same system that supports eectronic screening with the
addition of a WIM cdibration function in the eectronic screening processor.  Further, the static
scale processor is connected to the electronic scale processor.
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As s current practice, a satisticaly vaid sample of trucks, based on the Ste's average dally traffic
count, is weighed on both the WIM scales and on the dtatic scaes a the weigh station, over a
selected period of time. When applying the feedback loop, the trucks are automatically identified at
both the advanced AVI reader and the datic scale AVI reader. The WIM estimated weight and
datic scde weight are compared, and the cdibration factor is caculated. The cdibration factor is
transmitted through the communications system to the advanced AV reeder and WIM system. The
newly caculated WIM cdibration factor is automatically entered in the WIM system. Either aWIM
cdibration factor change threshold can be st to activate the automated cdibration factor calculation
or the caculation can be scheduled. The feedback loop WIM cdlibration system promises to
reduce the differences between static weight and WIM estimates a a much lower cost.

Electronic Screening Weigh in Motion Calibration System
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Figure 2 - Electronic Screening Mainline WIM Calibration System

A WIM manufacturer has recently developed and ingtalled a feedback loop feature in aramp WIM
screening system.  The feedback loop fegture is operating a severa locations and is now a standard
feature in their ramp WIM screening system. This feature performs a seamless and continuous
cdibration of the WIM system based on static weights. The weigh station system tracks vehicles as
they move from the ramp WIM screening system through the fecility. Vehicles are directed to the
static scale or directed to by-pass the static scales. The feedback loop calibration syslem combines
the WIM data with the Static data on vehicles that were directed to the static scae and these data
are stored for cdibration. The feedback loop festure was designed to eiminate costly manua
cdibrations and compensate for uncontrollable dynamic factors. Periodic manud cdibration checks
have been peformed at these locations and not once have the WIM scales required manua
cdibration adjusments. Not only has this diminated the need to perform costly manua cdibrations,

but the overdl accuracy of the WIM scaes has performed well beyond the ASTM type Il
requirements. See table below.

Thistype of loop feedback can aso be implemented with mainline applicetions.

Axles ASTM Il Feedback
Loop
Feature
Gross 6% 3.5%
Drive Tandem 10% 4.5%
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Traler Tandem 10% 6.5%

Steering 15% 7%

Figure3: Accuracy of Feedback Loop Calibrationsv. ASTM 111
3. Current Law Modifications To Support 24/7

Two generd legd issues currently do not support 24/7 automated unmanned enforcement a weigh
dations. WIM dtes have not proven accurate enough to support automaticaly issuing weight
citations. Current commercid motor carrier regulations typicaly provide for enforcement a manned
roadsde enforcement stations and do not provide for automaticaly issuing citations based on
current electronic screening technologies.

In developing new regulatory concepts, the resources necessary to enforce the laws and regulations
using conventiona techniques must be addressed. Mogt jurisdictions have difficulty effectively
enforcing the exiding sze and weight laws at present due to shrinking resources. Making the
enforcement of these laws more efficient is necessary. “Without effective enforcement...weight limit
laws are meaningless.” (USDOT 1995)

WIM dite precision is important because the measured weight serving as the basis of a citation must
be capable of withganding legd chdlenges. Frequent calibration is necessary to establish and
maintain WIM accuracy. Currently, WIM sites are not caibrated frequently, because cdibration is
expensve and time consuming. The dosed loop cdibration method will support frequent WIM
cdibration. The frequency of automated closed loop calibration will depend on site conditions and
changes in those conditions.

With respect to enforcement, precision isimportant because the measured weight serving asthe
bass of a citation must be cgpable of withstanding legal chalenges. Knowledge of the precison of a
WIM scde can be used to cdculate "deductions’ from measured WIM scale weights to minimize
the likelihood of an ingppropriate citation. A datistical andyss of the accuracy of dow speed weigh
in motion systemsin Oregon by Stratham cal culated a deduction factor of 7.05 percent and
concluded that in only one casein athousand will aWIM scade weight, minus this deduction, exceed
the "true" underlying weight. (The mean speed for trucksin this study was 5.3 miles per hour.)
Should the level of confidence be relaxed to one in five hundred, the deduction would shrink to 5.84
percent, and for the case of onein one hundred, the deduction would be 5.26 percent. (Stratham,
1998)

Automated, 24/7, weigh gation enforcement using the closed loop technique is unlikdy to be
adopted until WIM accurecy satisfies law enforcement and judicia authorities.  Therefore,
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implementing 24/7 operations may teke place in phases led by representatives from the
enforcement, motor carrier, and judicid communities. Phase 1 will include technology testing to
establish an acceptable WIM site tolerance. Phase 2 will include developing draft laws supporting
24/7 enforcement operations. Phase 3 will include implementing 24/7 operations a sdected test
dgtes Phase 4 will include findizing the draft laws and adopting the laws. Phase 4 will include
implementation of the automated 24/7 enforcement operations.

4. Conclusons

Unmanned, 24/7, automated roadside enforcement activity is necessary to enforce motor carrier
regulations more efficiently and effectively with the limited resources available. Adopting unmanned,
automated, 24/7, roadsde enforcement activity depends on WIM systems producing estimated
weights within a tolerance acceptable to the enforcement, motor carrier, and judicid communities.
The “feedback loop” WIM calibration method has greet potentia for developing a WIM cdlibration
factor, frequently recalibrating and enabling the WIM system to produce an estimate of truck static
weight within an acceptable tolerance. Frequent recaibration will reduce the effect of changing ste
conditions including varigbility of vehicles, pavement, environmentd, and sensors.  Findly, current
laws must be modified to accommodate automated, unmanned, roads de enforcemen.
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