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FOREWORD

This manual provides information and recommended procedures to be utilized by an agency’s
Weigh-in-Motion (WIM) Office Data Analyst to perform validation and quality control (QC)
checks of WIM traffic data. This manual focuses on data generated by WIM systems that have
the capability to produce high quality data. Many of the recommended data QC procedures are
dependent upon data containing wheel loads (in conformance with the Type | WIM system
requirements of ASTM E 1318). However, the more basic QC procedures discussed may be of
use to an analyst performing checks on data generated by systems generating only axle load data
(conforming to Type Il system requirements of ASTM E 1318) and/or systems relying upon
autocalibration features deemed necessary to obtain loading data adequate for certain programs.

This document is intended to present the WIM data analysts with the necessary information and
guidance to identify missing or invalid WIM data, to determine the cause and extent of missing
or invalid data, and the course of action to correct problems. Basic information and
recommendations are provided for the novice analyst, and more extensive procedures and
guidelines are provided to develop and assist experienced analysts.

To follow the procedures recommended in this manual will take a great deal of time and effort
by the data analyst. However, the proper installation and maintenance of high quality WIM
systems is a costly investment. Such investment provides an agency only with the capability to
obtain high quality traffic data. Such high quality data will not be achievable in the absence of
following diligent data QC and system monitoring procedures.

Notice
This document is disseminated under the sponsorship of the U.S. Department of Transportation
in the interest of information exchange. The U.S. Government assumes no liability for the use of
the information contained in this document.

The U.S. Government does not endorse products or manufacturers. Trademarks or
manufacturers’ names appear in this report only because they are considered essential to the
objective of the document.

Quality Assurance Statement
The Federal Highway Administration (FHWA) provides high-quality information to serve
Government, industry, and the public in a manner that promotes public understanding. Standards
and policies are used to ensure and maximize the quality, objectivity, utility, and integrity of its
information. FHWA periodically reviews quality issues and adjusts its programs and processes to
ensure continuous quality improvement.
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SECTION 1. INTRODUCTION

Weigh-in-Motion (WIM) systems meeting the Type | requirements of ASTM E 1318 have the
capability of producing continuous high quality traffic data for multilane roadway locations.
These WIM systems produce various data elements for each vehicle passing through the site,
including:

Time and Date

Lane

Speed

Vehicle Classification
Wheel Load

Axle Load

Axle Group Load
Gross Vehicle Weight
Individual Axle Spacings
Overall Vehicle Length
Violation Code

It is noted that some of the listed data elements may not actually be stored by the system as raw
data onsite, but is instead generated during the data processing session following transfer of the
raw data to the Office Computer (discussed below). The stored data element “Lane” is typically
the “WIM” lane number as determined by a particular system’s sensor configuration and sensor
inputs to the controller unit. However, for reporting purposes, the vendor’s or agency’s
application software is programmed to display the data for a lane or lanes based upon the
agency’s lane designation (e.g. “Northbound No. 17).

1.1. OVERVIEW OF WIM DATA

A WIM system’s controller typically stores both summary (binned) data and vehicle record data
for each day.

e Binned data
o All of aday’s vehicles are typically binned by count for hour of day, lane,
classification, and speed range (see previous explanation of “lane” as stored by
the controller).
o Contain no individual vehicle data elements.

e Individual vehicle record data
0 Include data elements for individual vehicles.
o0 Typically the system allows the user to define parameters, such as classification
or front axle weight threshold, which determine whether a record is stored for a
particular vehicle or whether the vehicle is simply counted in bins.
o These individual vehicle records are sometimes referred to as “Per Vehicle
Records” (PVRs) or “Truck Records”.



It is the function of the WIM system’s onsite controller to process inputs from the in-road
sensors and to create and temporarily store the binned data and the individual records, typically
in binary format. This raw data is routinely downloaded or otherwise transferred to the analyst’s
Office Computer (sometimes referred to as Host Computer). An application software program
provided by the WIM system vendor is then utilized to process the raw data, including the
generation of reports and ASCII files and the view of individual vehicle records. Some agencies
utilize their own custom application software to process the raw data. Also, some agencies
utilize their own or third party software to automate the raw data downloads and/or perform data
validation checks.

1.2. SIGNIFICANCE OF HIGH QUALITY WIM DATA

Truck wheel loading data is of particular interest to determine inputs to the Mechanistic-
Empirical Pavement Design Guide (M-E PDG) software. However, for loading data to be
considered of high quality, such data must meet the ASTM E 1318 Type | requirements for
accuracy displayed in Figure 1.

Tolerance for 95%
Data ltem Compliance
Wheel load t25%
Axle load +20%
Axle-group load +15%
Gross vehicle weight +10%

Figure 1. List. ASTM E 1318 Type | WIM Systems Requirements.

Note that high quality WIM equipment properly installed in structurally sound and smooth
pavement, at a site with proper roadway geometry and traffic operating characteristics, has the
capability to produce loading data with much higher accuracy than those required by ASTM E
1318. However, to produce high quality data, the WIM system must be properly monitored and
maintained.

1.3. OVERVIEW OF THE MANUAL

This Manual describes recommended procedures to be followed by an agency’s WIM Office
Data Analyst in performing data quality checks of WIM traffic data. This section (Section 1)
provides an overview of a WIM system'’s function and its data output, describes the quality of
WIM data that are addressed in this manual, and provides an overview of the manual itself.

SECTION 2 provides information on “WIM Basics” which may be helpful to the novice analyst.

SECTION 3 provides guidance and recommendations on performing data validation and
performing system monitoring remotely from the office, including remote real time checks of



traffic, reviewing reports generated by the office computer’s WIM application software, and
follow-up procedures to be performed when questionable data is identified.

SECTION 4 discusses procedures for performing extensive analyses of individual vehicle
records by importing the WIM data into spreadsheet or database programs.

SECTION 5 discusses procedures for monitoring a system’s calibration over time and
procedures that may be taken to fine-tune a system’s calibration factors in order to provide the
most accurate size and weight data possible.






SECTION 2. WIM BASICS

2.1. WIM SYSTEM VS. WIM SITE
A WIM system, as used in this manual, refers to the following components:

e One controller, its computer, and associated electronics.
CPU

Sensor Interface Cards

Communication Interface

Data Storage Medium

Software and/or Firmware

O O0OO0OO0Oo

e All roadway sensors and their leads for all lanes for which traffic data is being processed
by the controller (at least one lane must have weigh sensors).

e Controller support items such as lightning protection, uninterruptable power supply, etc.

A WIM site, as used in this manual, refers to a specific roadway location at which a WIM system
has been (or will be) installed. Such a site includes:

e All WIM system components.
e The power and communication service facilities.

e All wiring, conduits, pull boxes, and cabinets necessary to make the WIM system
functional.

e The pavement section in which the roadway components are installed and the pavement
approach and departure from the in-road sensors.

Figure 2 through Figure 6 display WIM system components and Figure 7 displays a two-lane
WIM site.



igure 2. Photo. Staggerd weigh sors (beding plte) and detection loops (single
threshold system).

Figure 3. Phofo. In-line weigh sensors (single load cells), a trai‘i‘ing axle sensor, and
detection loops (single threshold system).




Figure 4. Phto. In-line weigh sensors (quatz piezos) and detection loops (double threshold
system).

For single threshold weighing, each axle’s right and left wheel or dual wheel is weighed once by
the right and left sensors. For staggered (leading and trailing) sensors, a vehicle’s speed is
calculated based upon the time it takes for each axle’s wheels to hit the leading and trailing
sensors. For in-line (side-by-side) weigh sensors, speed can be calculated by one of two
methods:

1. An axle sensor (non-weighing) may be installed downstream of the weigh sensors and
speed is calculated based upon the time it takes for each axle’s wheels to hit the weigh
sensors and trailing axle sensor.

2. If no axle sensor is installed, the speed is calculated based upon the time between a
vehicle’s triggering the leading and trailing loops. This is not as accurate as using sensor-
to-sensor time measurements.

For double threshold weighing, each axle’s right and left wheel or dual wheel is weighed twice
by the right and left sensors. The system then reports a single left weight and a single right
weight for each axle. A vehicle’s speed is calculated based upon the time it takes for each axle’s
wheels to hit the leading and trailing weigh sensors.

Throughout this manual, a WIM system’s right and left weigh sensors are discussed in regard to
weight data output analyses, diagnostics, calibration, etc. Such right and left sensors will be
treated as single sensors even though for double threshold systems there are actually two right
sensors and two left sensors.



Figure 6. Photo. Controller cabinet, rear view, with in-road sensor inputs to controller and
lightning protection.



Figure 7. Photo. Two-Iahe WIM site, with Portland cemeconcrete (PCC) pavement
installed for approach and departure.

2.2. DEFINITIONS AND TERMS
2.2.1. WIM

As defined in ASTM E 1318:

*“...the process of estimating a moving vehicle’s gross weight and the portion of that weight that
is carried by each wheel, axle, or axle group, or combination thereof, by measurement and
analysis of dynamic vehicle tire forces.”

2.2.2. Site Assessment

Refers to onsite activities preceding either an onsite evaluation or calibration to verify and
document that:

e The WIM system is operational.
e The sensors have no visible problems.
e The pavement condition shows no apparent deterioration.



2.2.3. Weight

Throughout this manual, the term “weight” will be used, even though it may be technically
appropriate to use another term such as “load” or “force”. Weights will typically be expressed in
kips (k), where 1 k equals 1000 pounds (Ibs).

2.2.4. GVW

Throughout this manual, the term Gross Vehicle Weight (GVW) is used to refer to the sum of all
of a vehicle’s wheel weights or axle weights. GVWs will typically be expressed in units of kips.

2.2.5. Calibration and Validation (Using Test Trucks Onsite)

Both calibration and validation utilize a process by which the known static axle and/or wheel
weights and known axle spacings of one or more test vehicle(s) are compared with the
corresponding estimates from a WIM system’s reported dynamic wheel weights and axle
spacings for such test vehicle(s).

The purpose of calibration is to determine and implement the WIM system settings which will
result in the system’s generating the best possible estimate of static axle and/or wheel weights,
axle spacing distances, and vehicle speeds for the most typical truck configurations in the traffic
stream over the range of speeds typical of such truck configurations.

The purpose of validation is to check a system’s accuracy for conformance to an agency’s
specified requirements. Once a system has been initially calibrated, test trucks should be run on
a routine basis (or as otherwise deemed necessary) to check the system’s calibration. This is also
typically referred to as a validation. If such validation indicates that the system meets accuracy
requirements but that accuracy could be improved, then the calibration factors may be adjusted
and additional test truck runs made to confirm that the factor adjustments produced the desired
effect.

2.2.5.1. Calibration Factor

Refers to a user-defined value that is used by a WIM system to convert raw sensor readings into
weights.

2.2.5.2. Calibration Factor Speed Point

Also referred to as Speed Bin, refers to a user-defined speed for which a calibration factor can be
entered for a weigh sensor. Certain WIM systems provide for three or more calibration factor
speed points, which allow the user to determine appropriate calibration factors over a range of
vehicle speeds which will best compensate for the effects of speed. For speeds between the
speed points, the system uses linear interpolation to apply calibration factors to the sensor’s
readings.
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2.2.5.3. WIM Error

Is the difference between a test truck’s static weights and the corresponding WIM reported
weights as derived from the test truck’s dynamic readings.

2.2.6. LTPP

Refers to the Long-Term Pavement Performance (LTPP) program
(http://www.fhwa.dot.gov/pavement/Itpp/), a 20-year study of in-service pavements across North
America. Its goal is to extend the life of highway pavements through various designs of new and
rehabilitated pavement structures. The LTPP program evaluates different pavement materials
under different traffic loading, environmental and subgrade soil conditions. Different pavement
maintenance practices are evaluated as well. The LTPP program was established in 1987 under
the Strategic Highway Research Program (SHRP), and is now managed by the Federal Highway
Administration (FHWA).

2.2.7. LTPP SPS TPF Study

Refers to the LTPP Specific Pavement Study (SPS) Traffic Pooled Fund Study, TPF-5(004).
Phase | of this study consists of assessing, evaluating, and calibrating WIM systems used to
collect traffic data at the SPS sites across the country. Phase Il consists of the installation and
maintenance of new WIM equipment as necessary to ensure high-quality data collection.

This Manual cites a number of LTPP and LTPP SPS TPF Study documents such as the LTPP
Field Operations WIM Guide, the WIM Model Specifications (See Appendix A) and the LTPP
Classification Scheme. These documents are extensive and contain valuable information for
WIM equipment and site maintenance.

2.2.8. TrafficETG

Refers to the Transportation Research Board (TRB) Expert Task Group (ETG) on LTPP Traffic
Data Collection and Analysis. The Traffic ETG is composed of individuals with significant
experience and involvement in the collection and/or analysis of truck traffic data. The Traffic
ETG provides advice and guidance to the staff of the LTPP program regarding the reliability and
precision of traffic data, among other things.

2.3. VEHICLE CLASSIFICATION VERSUS VEHICLE TYPE

As used in this manual, vehicle classification refers to the identification of vehicles according to
FHWA'’s 13 Class Scheme as described in the Traffic Monitoring Guide
(http://www.fhwa.dot.gov/ohim/tmguide/). However, individual classes within this scheme
include vehicles with different axle configurations and operating characteristics that need to be
uniquely identified by a WIM system’s classification algorithm. Additionally, the ability to
perform analyses on vehicles with similar axle configurations and operating characteristics,
regardless of FHWA classification, can be of great benefit in performing data analyses. Vehicle
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type is used in this manual to refer to vehicles with similar axle configurations and operating
characteristics. A few examples of vehicle types follow.

Class 7 includes all trucks on a single-frame with four or more axles. For trucks with “variable
load suspensions” or “lift axles” (as shown in Figure 8), only the axles in contact with the
pavement are counted to determine classification.

o]

Figure 8. Photo. Class 7, single-unit truck with four of its five axles in contact with
pavement.

Class 8 includes several common three- and four-axle single-trailer configurations. Figure 9
displays a two-axle tractor with a single axle semi-trailer and Figure 10 displays a three-axle
tractor with a single axle semi-trailer. For this method of defining a truck combination type, the
first value is the number of axles on the power unit (tractor or straight truck), the “S” signifies a
semi-trailer, and the following value is the number of axles on the trailer.

Figare 9. Photo. Class 8, Type 2S1.
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Figure 10. Photo. Class 8, Type 3S1.

Class 9 includes five-axle single-trailer trucks. Figure 11 displays the three-axle tractor and two-
axle semi-trailer, which is by far the most predominant Class 9 type. Figure 12 displays the
same type but with a “spread” tandem on the trailer. If this axle spread exceeds eight feet it is
not a true tandem axle and is considered to be two individual axles. Figure 13 displays a three-
axle straight truck pulling a two-axle full trailer. As such, there is no “S” preceding the value
defining the trailer’s number of axles.

= s e i

Figure 11. Photo. Class 9, Type 82.

Figure 13. Photo. Class 9, Type 32. .

Class 10 includes six-axle single trailer trucks. Figure 14 displays the most common
configuration, the Type 3S3 which has a semi-trailer with a tridem axle.
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Class 11 includes five-axle multi-trailer trucks. Figure 15 displays the most common
configuration, the Type 2S12. The first value defines the number of axles on the power unit, the
“S1” defines the single axle semi-trailer, and the last value defines the second trailer as a two-
axle full trailer.

Figure 15. Photo. Class 11, Type 2S12.

Class 12 includes six-axle multi-trailer trucks. Figure 16 displays the most common
configuration, the Type 3S12.

)n\: ‘I 2 -:_-....._._.__:;.,.h ),__.... . J_____. 2

" Figure 16. Photo. Class 12, Type 3512,

Class 13 includes multi-trailer trucks with seven or more axles for which there are a large
number of possible axle configurations. Although there are exceptions, most agencies do not
find it necessary to uniquely define these by type since they account for a very low percentage of
the truck traffic stream. Some states allow very heavy mining or timber hauling “trains” with
many axles, which they may find beneficial to capture by type for analyses. Some states allow
Longer Combination Vehicles (LCVs), which do have consistent configurations as displayed in
Figure 17.

14



Longer Combination Vehicles

7-Axle Double
or Rocky Mountain Double 3322
(RMD)
8-Axle B-Train Double
38352

9-Axle
Turnpike Double
(TPD) L@H 00 006 ’@g@ 352

Triple Trailer
Combination

25122

Figure 17. Picture. Class 13, Longer Combination Vehicles (LCVs).

Table 1 displays the basic class scheme that was recommended for use in the LTPP study by the
Traffic ETG. The intent of this scheme is to include the most common vehicle types found
nationwide and to be supplemented with additional vehicle types unique to certain regions. Itis
important to note that the axle spacing and weight parameters of any desired scheme must be set
up as an algorithm specifically formatted for use by a particular WIM system.

Note that although the “LTPP Classification Scheme for SPS WIM Sites” displayed in Table 1 is

currently in use, it is considered a work in progress subject to revisions and enhancements. For
more information regarding this document contact Itppinfo@dot.gov.
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Table 1. Example Class Scheme.
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2.4. TASKS OF THE OFFICE DATA ANALYST
The primary tasks of the Office Data Analyst are as follows:
e ldentify any missing or invalid data.

e For missing or invalid data, attempt to determine:
o Cause
= Ongoing
= Intermittent
= |solated, one time event(s)
o Extent
= What part of the day’s data should be flagged as invalid?
e All data by time frame
e One lane only
e Classification counts valid, but not loading data
o Course of action to correct ongoing or intermittent problem
= Fix remotely from office
= Call for field visit

e Monitor each WIM system for maintenance of calibration.

2.4.1. Causes of Missing or Invalid Data

Missing data for all lanes would most likely be due to a power outage at the system’s controller
or the controller being otherwise shut down. The primary causes of invalid data are as follows:

e System component malfunction
o Failure vs. intermittent

e Improper system settings
0 System component operational variables, such as
= Loop timeout
= Weigh sensor thresholds
0 System processing variables, such as
= Classification algorithm
= Calibration factors

e Site conditions
0 Rough pavement
0 Roadway geometry

e Traffic conditions

o Congestion
0 Lane closure or alignment shift
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o0 Changing lanes when crossing sensors

e Weather
o Effects on system components, such as
= Moisture intrusion
= Bending plate scale pit filled with ice
o Effects on traffic, such as
= Crosswind
= Traffic not within lane/shoulder striping due to heavy snow on pavement
0 Weather web site address
= http://www.nws.noaa.gov/

In regard to system settings, classification algorithms and calibration factor values have no
bearing, within reason, on a system’s proper operation. Determination of classification
algorithms and calibration factor values are more of a “fine tuning” process to generate the most
accurate data possible as opposed to generating valid versus invalid data (unless the values are
obviously erroneous). However, settings related to component operation, such as loop timeout
and weigh sensor thresholds, will determine whether vehicles and vehicle combinations are
properly detected and their wheels are properly counted and weighed.

2.4.2. Factors Affecting WIM Data Quality Which Can Be Controlled

Site conditions

0 Roadway geometry

o0 Pavement stability and smoothness
Equipment quality and performance capabilities
Equipment installation and routine maintenance
Pavement maintenance

2.4.3. Factors Affecting WIM Data Quality Which Can Be Somewhat Controlled (By Site
Selection)

e Traffic characteristics
o0 Changing lanes through site
0 Wheels on or partially on shoulder
0 Speed changes or stop and go
= Merging vehicles
= Congested traffic

Power Point presentations that describe site conditions and traffic operating characteristics that
should be considered in determining a suitable location for a WIM system installation are
available online at www.QualityWIM.com

2.4.4. Factors Affecting WIM Data Quality Which Cannot Be Controlled

e Out of round tires
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Dynamically unbalanced wheels

Tire inflation pressure

Vehicle suspension

Wind

Vehicle aerodynamic features

Type of load, particularly liquid, and/or method of loading
Acceleration/deceleration

Undesirable traffic conditions due to weather or work on roadway

2.5. WHAT QUALITY OF DATA SHOULD BE EXPECTED?

No WIM system can produce perfect data, even with high quality equipment and ideal site
conditions. It is expected that any data file is going to contain some invalid data. The analyst
must consider the characteristics of the WIM site, the characteristics and features of the WIM
system, and the traffic characteristics in determining if the system is producing the best data
possible. Regardless of what the minimum data quality requirements are, any WIM system
should be monitored and maintained as to produce the best possible data given the system’s
potential. The key is to keep bad data to a minimum, giving consideration to each WIM
system’s potential, and to quickly recognize, identify, isolate, and correct the cause of erroneous
data.

Many data problems can be corrected from the office. Even if a problem does require a service
call, the service technician’s time onsite can be greatly reduced if the analyst has narrowed down
the potential causes of the problem. Neither the purging of entire daily data files nor major WIM
system corrective actions are necessary if only a scattering of bad data is found when performing
routine data quality control checks. If the amount of bad data starts to increase and goes from
random to chronic, the analyst needs to take corrective action, unless the problem can be tied to
an atypical site condition (e.qg. traffic or roadwork).
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SECTION 3. STEPS FOR DATA VALIDATION AND SYSTEM MONITORING FROM
OFFICE

This section provides guidance and recommendations as to the steps to be taken by the Office
WIM Data Analyst to validate data (Data Quality Control, or Data QC) and to monitor a WIM
system’s operation. Such steps include:

e Access the system from the office and perform initial real-time reviews.

e Perform reviews of canned reports to determine if a system is consistently operating
properly, and if traffic is moving through the site within the lane lines at consistent
speeds within the operating range of the system.

e Access the system from the office to perform system diagnostics if the data indicates that
the system is not operating correctly.

WIM system site controller access display screens and setup procedures, as well as the
application software provided by the WIM manufacturers for the user’s Office Computer, vary
by manufacturer. It is far beyond the scope of this manual to provide procedures applicable to
each specific manufacturer or a manufacturer’s specific equipment type or version of application
software. The screen shots and sample report displays utilized in this manual are mostly taken
from systems of two different manufacturers of WIM equipment. The intent is to provide
general guidance on what to look for, as well as procedures to follow. Documentation on
specific equipment and software provided by the WIM equipment manufacturer should be
thoroughly reviewed by the analyst to determine how the examples in this manual can be
applied.

The following recommendations on performing data QC and system monitoring do not include
all possible procedures. The intent is for the novice analyst to use these recommendations as a
starting point, and then develop additional procedures and checks as experience is obtained in
working with the features of specific systems and Office Computer application software. For the
experienced analyst, perhaps the following recommend procedures will provide additional tools
to those already developed such that more thorough data QC and system monitoring analyses can
be performed.

In addition, it is not the intent that the data QC checks monitor the fine-tuning aspects of a
system’s calibration. Calibration monitoring will be covered in SECTION 5. Calibration
monitoring is only effective when using data from a system that is operating correctly and for
which the traffic operating characteristics are normal. The intent of the data QC checks of each
day’s data file is to ensure that invalid data, whether caused by system malfunction or atypical
traffic operating characteristics, is identified and flagged such that only data appropriate for its
intended use is disseminated.
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3.1. INITIAL REAL-TIME REVIEW

For agencies utilizing fully automated and unattended WIM data file download, calling up each
system prior to the predetermined start of the download may not be feasible. In this case, if a
system (or its communication link) is not operating properly, it will be evident following the
download session. Otherwise, it is recommended that prior to downloading a significant number
of data files from the system that it be accessed remotely from the office and spot-checked, as
described below, to verify that the system is, in general, operating correctly. These checks are
intended to identify any significant ongoing system problems without waiting for the data to be
downloaded and reviewed, as well as to identify data files which contain significant amounts of
missing and/or invalid data which do not need to be downloaded.

1. Does the onsite modem answer?

If not, first ensure that the Office Computer’s communication software and modem are properly
configured. The quickest test for this is to call another WIM system similar to the one that is not
responding. If it is confirmed that the Office Computer is communicating with other systems
normally, a site visit is necessary to determine if the power or phone service is out, or if the site’s
modem is not working.

2. Does the onsite modem answer, but the system is not responding?

If so, a site visit is necessary to check the modem configuration, and if the modem configuration
is correct, the status of the controller.

3. Is the system’s time and date correct? See Figure 18 for examples from two different
systems.

If not, correct time and/or date and determine if the affected files may still be of use for the
intended purposes.

Utilities Mode:A
Eﬂange 3n}11 t llJS E KIPSP&AFT_ .
nange Vehicle Error Priorities Date: 31/05/03 Time: 7:54:04
aﬁggifﬁg?gét”?ig?tigégference (percent) 40 Enter DatefTime (dd/mm/yy hh:mm:ss):
Temperature Switch ENABLED

Temperature Sensor Type DEGREES C
ESAL_Setup

Change Time 12:04

Change Date [DD/MM/YYYY] 10/02/2009

Loop-Unly Vehicle Farameters...

Figure 18. Screen shot. Site menu, time and date.
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4. Do the stored files appear to be complete, and their file sizes appropriate? See Figure 19
for example.

For the site used in the example, it is typical for the weekday files to average about 500,000
bytes and the weekend files to average about 270,000 bytes, so these file sizes appear to be
reasonable. The partial current day’s file size also appears to be reasonable given it is for almost
12 hours. If the file sizes appear to be unreasonable, determine if the affected files may still be of
use for the intended purposes. Unreasonable file sizes sometimes result from changes in the
number of individual vehicle records that are being captured by the system, which may indicate
that a system component is malfunctioning or that a system setting has changed. If it is obvious
that a number of the daily data files are not usable, it may be beneficial to download only one of
the files initially, in order to analyze and determine the cause of the problem.

List Vehicle Record Files
File Size Time Date
20090208 .105 271193 00:00:00 09/02/2009
20090210.165 260824 11:55:21 10/02/2009 «— Current day’s file
20090119.1065 422945 00:00:00 20/01/2009
20090120.1605 923130 00:00:00 21/01/2009
20090121 .165 027850 00:00:00 22/01/2009
20090122 .165 495096 00:00:00 23/01/2009
20090124 .105 319524 00:00:00 25/01/2009
20090125.165 274560 00:00:00 26/01/2009
20090127.105 923057 00:00:00 28/01/2009
20090128 .105 918312 00:00:00 29/01/2009
20090129 .165 498967 00:00:00 30/01/2009
20090131 .165 325170 00:00:00 01/02/2009
20090201 .165 261184 00:00:00 02/62/2009
20090203 .165 018495 00:00:00 04/062/2009
20090204 .105 925382 00:00:00 05/02/2009
20090205 .105 491899 00:00:00 06/02/2009
20090206 .105 461103 00:00:00 07/02/2009
20090207.105 320216 00:00:00 08/02/2009

<ESC> to quit, any other key to continue

Figure 19. Screen shot. Site menu, stored data files.

5. Inviewing real-time vehicles, do their data elements appear to be reasonable for each
lane (it is recommended that each lane be checked individually)?

Check the following items:
e Classifications
Axle Spacings
Speeds
Weights
System error or warning flag codes
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Figure 20 displays a few records from a system’s Lane 1 real-time truck traffic stream. In
analyzing the records with “Ve.-Code: 15” (unclassified vehicles in the classification algorithm
being used by this system), it should be obvious to the analyst that the three vehicles classified as
“15” have spacings and weights which are typical of the Class 9’s Type 3S2. This should
quickly prompt a check of the system’s settings for the classification algorithms.

12830 54 mph Lane: 1 11: 0:23 2-14-2003 Violations: 00
Ve.-Code: Total 1 2 3 4 5

Weight (kips) 32.6 10.5 7.0 6.4 5.3 3.3

Spacings (feet) 68.5 19.7 4.2 28.6 4.0

12835 46 mph Lane: 1 11: 0:33 2-14-2003 Violations: 00
Ve.-Code: 5 Total 1 2

Weight {kips) 9.5 4.6 4.9

Spacings (feet) 22.3 12.1

12839 52 mph Lane: 1 11: 0:44 2-14-2003 Violations: 00
Ve.-Code: Total 1 2 3 a 3

Weight (K1ps) 47.1 10.5 10.6 9.4 9.0 7.5

Spacings (feet) 57.6 17.1 4.4 27.9 4.1

12873 56 mph Lane: 1 11: 0:45 2-14-2003 Violations: 00
Ve.-Code: Total 1 2 3 1 5

Weight (kips) 61.3 9.4 11.6 10.3 15.9 13.9

Spacings (feet) 67.2 15.4 4.1 33.5 3.8

12842 52 mph Lane: 1 11: 0:46 2-14-2003 Violations: 00
Ve.-Code: 5 Total 1 2

Weight (kips) 14.6 6.4 8.1

Spacings (feet) 31.9 19.0

Figure 20. Screen shot. Site real-time “View Vehicles” mode for system’s Lane 1.

In reviewing the system’s classification scheme algorithm setup displayed in Figure 21, it is
evident that a system malfunction has occurred. This is a classification algorithm setup
convention in which the two rightmost numbers for the axle distances (spacings) are decimal
places (values in feet). What is supposed to be Type 9, the FHWA Class 9 - 3S2 configuration,
is instead a Type 75, with some random spacing definitions. Since this system’s classification
algorithm does not include a Type 9, all vehicles conforming to the intended Type 9 axle spacing
parameters are labeled Class 15 (unclassified). The next classification algorithm in Figure 21,
shown as Type 14, is the Agency’s Class 14 (FHWA’s Class 9 — 32 configuration), which has
maintained the correct axle spacing scheme.

Figure 22 displays an example of two vehicles with “Significant Weight Difference” warning
flags. In monitoring all Lane EB#2 vehicles for a longer time frame the analyst notes that many
or even all are flagged with this warning. For this system, this warning flag indicates that the left
versus right sensor weight outputs of one or more of a vehicle’s axles exceed a 40 percent
difference. In examining the left and right sensor weight outputs, the left weights appear to be
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reasonable. However, the right weight outputs appear to be only about half of the left weight
outputs. This should prompt a check of the calibration factors for obviously erroneous low
values for this lane’s right weigh sensor.

As found As originally entered
Type 75 Type 9
Dist. axle low: 2947 Dist. axle low: 600
Dist. axle high: 8251 Dist. axle high: 2600
Dist. axle low: 1939 Dist. axle low: 300
Dist. axle high: 7445 Dist. axle high: 599
Dist. axle low: 2242 Dist. axle low: 600
Dist. axle high: 6713 Dist. axle high: 4600
Dist. axle low: 1561 Dist. axle low: 300
Dist. axle high: 1090 Dist. axle high: 1099
Total weight low: 1000 Total weight low: 1200
Total weight high: 0 Total weight high: 0
Lim. Total weight: 8000 Lim. Total weight: 8000
Type 14
Dist. axle low: 600
Dist. axle high: 2600
Dist. axle low: 300
Dist. axle high: 599
Dist. axle low: 600
Dist. axle high: 2300
Dist. axle low: 1100
Dist. axle high: 2700
Total weight low: 1200
Total weight high: 0
Lim. Total weight: 8000

Figure 21. Screen shots. Menu screen displaying portion of classification algorithm entries.

Record Number|32405 Dir/Ln East/2 GVW 31.5kips |Length 65ft
|Class 9 Speed 59 mph [Max GVW 80.0 kips [ESAL 0.066
Monday Feb. 24, 2003 Time 23:21:52.63

Axle Spacing Left WT. Right WT Total WT Allowable
(ft) (kips) (kips) (kips) (kips)

1 4.8 2.5 7.3 20.0

2 16.8 4.7 2.4 7.1 17.0

3 43 4.2 2.1 6.3 17.0

4 33.2 3.8 1.9 5.7 17.0

5 4.2 3.4 1.8 5.2 17.0
Warning: Significant Weight Difference!

Record Number|32415 Dir/Ln East/2 GVW 48.1kips |Length 75 ft
|C|ass 9 Speed 61 mph [Max GVW 80.0 kips [ESAL 0.365
Monday Feb. 24, 2003 Time 23:21:18.53

Axle Spacing Left WT. Right WT Total WT Allowable
(ft) (kips) (kips) (kips) (kips)

1 5.8 1.8 7.6 20.0

2 17.2 7.5 3.0 10.4 17.0

3 4.3 8.4 3.1 11.5 17.0

4 34.0 6.1 3.8 9.9 17.0

5 4.1 5.4 3.3 8.6 17.0
Warning: Significant Weight Difference!

Figure 22. Screen shot. Site real-time “View Vehicles” mode.

25



Figure 23 displays the menu “path” for this particular system to view the current calibration
factor settings for the weigh sensor (“WIM Sensor 3”) in question. The analyst should compare
these factors with those on record to see if they are correct. If these factors are correct,
additional diagnostics can be performed on this sensor as will be discussed later.

Select Menu
Disconnect From System
Vehicle Passage
Reports
Classification Format CALIF4
Data File Utilities
Vehicle Record Transmitter

Calibration —‘
Uvtili—

gite | Calibration

stors Adjust Axle Parameters

Syste Autocalibration sSetup ‘L

Systg Dlspj Adjust Axle Parameters
Temp Select WIM Sensor 3

Threshold 350
Calibration Factors ...
Base Line Value 2057
Calibration Factors ...
Max of Speed Bin 1 (kph) 80
Calib Factor 1 7.500114
Max of Speed Bin 2(kph) 100
Calib Factor 2 7.500114
Max of Speed Bin 3(kph) 120
Calib Factor 3 7.500114

Figure 23. Screen shots. Site real-time menu screen displaying calibration factors.
This short term monitoring session of individual vehicles passing through the system in real-time
is intended to catch only significant and ongoing problems with the system. Data QC is
necessary to detect problems that are not so obvious or problems of an intermittent nature.

3.2. DATA REVIEW USING CANNED REPORTS
Following the downloading of a WIM system’s daily data file (or files) to the Office Data

Analyst’s Office Computer, a data QC check is performed to determine if the data is suitable for
its intended use.

3.2.1. Class and Speed Reports

It is recommended that the first check be made using daily class and speed reports summarizing
the binned raw data. The purpose of this check is to take a quick look at each day’s data to
identify:
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e Any missing vehicles for hour(s) in:
o All lanes
0 One lane only
e Any atypical class count distributions
e Any atypical speed patterns

Figure 24 displays two reports with daily vehicle counts by hour for Lane Numbers SB1 and
SB2. For this site, Lane SB1 is the outside lane, or “driving” lane, which normally carries most
of the traffic. In the first report, it is obvious that the counts decrease significantly for Lane SB1
starting sometime after Hour 7 and ending sometime prior to Hour 16. However, a look at the
counts for this time frame for the adjacent Lane SB2 (inside lane, or “passing” lane) indicates
that the counts significantly increase. The total counts for both lanes are normal. This example
represents a typical lane closure situation and the system is counting vehicles just fine. In the
second report, both lanes are exhibiting a large drop in counts starting sometime after Hour 18
and ending sometime prior to Hour 21. This indicates that, for some reason, the system was not
counting during this period or that some major event caused the closure of both lanes.

Figure 25 displays a report for a system that covers all four lanes (two lanes in each direction) of

the roadway. This is an obvious case of either a temporary loss of power or the system simply
malfunctioning for several hours (Hour 9 through Hour 14).
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Lane by Hour Report

Site: S518-TEHHESSEE_SPS-6 Lanes: #1 #2 #3 WB2 LTPP
Classification: LTPP_2 Start Class 1 End Class 15
FROM: Wed Jul 09 00:00:00 2608 TO0: Thu Jul 10 00:00:00 2008
Humber of Uehicles
Lane Humber

Hour | #1 | #2 | #3 |WB2_LTPP  Total
B->1 | 251 b 147 376 2844
1->2 | 398 156 342 525 1413
2->3 | 525 253 u68 608 1854
3->4 | LGB am 396 L93 1898
h->5 | 6 85 3298 363 G6a7 1973
L—>0 | 615 Las La7 671 2131

Oty Tot | 2054 1622 2153 3380 18189
G->7 | 657 L78 L1 656 2232
7->8 | 628 465 563 666 2322
8->0 | c71 388 468 650 20877
o->18 | a9 19 38 39 13%

18->11 | a a i) a a

11->12 | o 8 B 8 (]

Oty Tot | 1895 1358 1518 2011 6766

12-213 | a a a a a

13->14 | a a a a a

- | 668 £95 477 C88 2328

15-316 | 669 496 109 624 2198

16-217 | 757 682 pL2 Gu7 2538

17->18 | 685 cao9 L45 LG 2325%

Qtr Tot | 2779 2362 1803 2445 9389

18->19 | LIT 354 372 LLO 1864

19->28 | 516 282 267 463 1528

20->21 | y57 228 246 Lu3 1374

21->22 | 451 216 189 378 1234

22->23 | L5 2, 185 329 1848

23->24 | 332 119 75 253 779

Oty Tot | 2738 14082 1254 2425 7819
Total | 10366 6736 6720 108261 34083

Percent | 30.4 19.8 19.7 36.1 10808.08

Figure 25. Report. Missing data all lanes.
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Figure 26 displays a portion of a daily report with hourly counts by classification for the
system’s Lane 2. Starting during Hour 12 - 13 there was a large increase in counts for Class 1
and unclassified vehicles (Class 15, for this particular system). Also, a significant decrease in
counts for the “good” classes is evident (although this lane has very few large trucks).

Figure 27 displays a portion of a daily report with speed range counts by hour for the same
system, day, and lane as the Classification by Hour report displayed in Figure 26. At the same
time that there were significant changes in the classifications, there were significant changes in
the speeds as well. Also, Figure 28 displays that a vast majority of the invalid speeds are
attributable to Class 1s and Class 15s (unclassifieds).

In that this site is located in an urban area with commute traffic, some of the low speeds may
very well be legitimate. These three reports are from a system for which loop or loop-processing
problems will typically result in Class 1 and/or Class 15 vehicles and unrealistic speeds.
Although consideration must always be given to the possibility that a system’s erroneous data
may be attributable to congestion, an accident, or work on the roadway causing stop and go
traffic conditions, the fact that the erroneous data continued for the entire afternoon suggests that
for this example the system simply is not processing properly for Lane 2. As an additional
check, Figure 29 displays a report comparing class and speed data for Lane 2 with that of
adjacent Lane 1. Although Lane 1 does appear to have some erroneous data (probably due to the
traffic conditions), its reasonable class and speed distributions make it evident that the Lane 2
problems are not due to major traffic issues.
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Figure 26. Report. Erroneous classification for lane
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