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With the highway infrastructure under strain, there is a need to collect
and analyze traffic volume, vehicle classification, and weight data in an
integrated manner. Most research focuses on collection and quality of
data with little emphasis on an integrated traffic data management sys-
tem. Design of an integrated traffic data management system that allows
for editing, storage, and reporting of traffic volumes, vehicle classifica-
tion, and vehicle weight along with quality assurance of data is presented.
The system includes the creation of new software and the use of existing
software that has been modified to allow for the flagging of data errors,
the reading of 1995 Traffic Monitoring Guide format data, and the aggre-
gation of vehicle class data in suitable schemes to ease analysis. Proce-
dures for the input of missing data and the correction of erroneous data
are described. The system is user friendly and designed to operate under
a Windows 3.1 or a Windows NT 4.0 environment. Refinements needed
in the future are identified and presented.

The country’s aging highway infrastructure requires agencies to col-
lect and analyze data on traffic volumes, vehicle classification, and
vehicle weight distributions to plan, design, and operate facilities in
a more efficient way. The main focus of research has been on the
availability of and access to comprehensive and diverse, yet consis-
tent, traffic, materials, structural, and climatic data for various pave-
ment types (1) and on the quality of such data. Whereas the quality
of weigh-in-motion (WIM) data and methods to ensure their accu-
racy are emphasized (2,3), not much emphasis is given to the seam-
less integration of traffic volume, vehicle classification, and weight
data for the purposes of storage, analysis, and reporting. To address
these issues and to provide the Pennsylvania Department of Trans-
portation (PennDOT) with a comprehensive and coordinated traffic
management system that can retrieve, verify, edit, manage, store,
and report volume, vehicle classification, and vehicle weight data
with the ability to do quality control on this information, a system
was designed and implemented to run under Windows 3.1 and Win-
dows NT 4.0 environments by the Pennsylvania Transportation
Institute at Penn State University. This paper presents the design of
this coordinated automatic traffic data management system.

BACKGROUND

Pennsylvania currently has a 63-station automatic traffic recorder
(ATR) system capable of collecting highway traffic volumes. Most
of these sites have functional double-loop installations. Consequently,
speed and vehicle length data may also be collected. Current data
management processes include
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• Manually initiated, daily, automatic data polling from PC plat-
form;

• Manual data review on PC platform;
• Upload to mainframe platform;
• Semiautomatic data edit on mainframe platform;
• Report production on mainframe platform; and
• Data storage on mainframe platform.

Pennsylvania participates in the Strategic Highway Research Pro-
gram (SHRP), providing vehicle classification and truck weight data
for Long-Term Pavement Performance (LTPP) research. One WIM
station provides continuous automatic vehicle classification (CAVC)
and weigh data; eight semipermanent WIM systems will provide
CAVC data and at least 1 week per quarter of WIM data. WIM data
management processes include the following:

• Manually initiated, automatic, daily data polling from PC plat-
form;

• Manual data review on PC platform;
• Manual data edit on PC platform;
• Report production on PC platform; and
• Data storage on PC platform.

Currently, PennDOT collects site, volume, vehicle classification,
and weight data, which are maintained in Traffic Monitoring Guide
(TMG) No. 1 and No. 2 Cards, No. 3 Card, No. 4 Card, and No. 7
Card formats, respectively (4). PennDOT has no system that allows
it to retrieve ATR, CAVC, or WIM data based on month, year, 
site, and type of data required for analysis. No system exists that
allows PennDOT personnel to retrieve No. 4 Card based on the type
of aggregation of vehicle class required for analysis. In addition,
PennDOT does not have a system capable of flagging errors in the
data set and thereby checking the performance of the ATR and WIM
stations and replacing the erroneous data with clean data for the pur-
poses of analysis and storage. Integrating the ATR, CAVC, and
WIM data allows for easy cross checks on the performance of the
sites and helps determine whether any of the ATR, CAVC, or WIM
data polls are malfunctioning at a particular site. Integration allows
for use of the CAVC data to determine the hourly volumes of vehi-
cles, and use of the WIM data allows determination of vehicle clas-
sification. Thereby, even if errors are found in the ATR or CAVC
data, it is possible to rectify them using the CAVC and WIM data,
respectively.

AVAILABLE DATA AND SOFTWARE

The data used for the development of the system were the 1995 
and 1996 ATR data (No. 3 Card) and the 1994 vehicle classification
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(No. 4 Card) and weight data (No. 7 Card) from stations on I-80 in
Luzerne and Clearfield Counties in Pennsylvania. The LTPP QC
interface (5) developed by Chaparral Systems is the most suitable
existing software for quality control checks on data. The primary
goal of the interface for truck weight data is to identify calibra-
tion drift in WIM scales. The quality assurance calibration test is
based on the gross vehicle weight distribution of five-axle tractor-
semitrailer vehicles. These vehicles are the most common long-haul
trucks in the United States. When loaded they can legally weigh up
to 36.32 t (80,000 lb); however, with special permits trucks can
carry loads greater than 36.32 t. When empty, the range in weight is
between 12.71 and 14.53 t (28,000 and 32,000 lb), depending on the
type of tractor and trailer being used. Use of these trucks as calibra-
tion tools has two advantages: (a) achieving a sufficient sample size
is not difficult, and (b) they have a number of very consistent char-
acteristics that can be used to measure scale health. Summary sta-
tistics used in the process are computed by lane for each data set
submitted for a site. For truck weights, the primary quality assurance
statistic is the gross vehicle weight (GVW) frequency distributions
of 3S2 vehicles. The quality assurance test examines the distribution
to verify that the peak values are at expected locations of the fre-
quency curve. For most WIM sites, the unloaded peak should occur
between 12.71 and 14.53 t, and the loaded peak should occur at or
somewhat below 36.32 t. If the peaks do not occur at the indicated
values, calibration drift or errors may be inferred. A number of
quality assurance checks that use this frequency distribution are pos-
sible. One check used by the LTPP is the total percentage of “over-
weight” vehicles. This is a site-specific value that raises questions
about scale calibration when the percentage of 3S2 vehicles that are
greater than 38 t (83,700 lb) exceeds a specific value. An alternative
way to calibrate the scales is to use enforcement agents and static
scales, which is done by PennDOT at regulation enforcement sites.
These data are not currently used by the method described here
because of institutional barriers and lack of an integrated effort as of
the date this paper was written.

The quality assurance review of vehicle classification data is
much more difficult than the quality assurance review of truck
weight calibration. Because vehicle classification volumes by class
vary so dramatically from site to site, the quality assurance tests
applied must be calibrated to each site. The primary tests being
applied to the submitted vehicle classification data by lane are as
follows:

• The number of consecutive hours during which total traffic
volumes are equal to zero must be less than 8.

• The traffic volumes at 1:00 p.m. should be greater than traffic
volumes at 1:00 a.m.

• Daily traffic volumes for key vehicle classes should be within
specified ranges.

• The percentage of trucks within each truck category for each
day should fall within a specific range.

The first of these checks ensures that the equipment has not failed. The
comparison of traffic volumes at 1:00 a.m. and 1:00 p.m. is done to
ensure that the clock counter has been set correctly. The check for traf-
fic volumes for key vehicle classes is done by the day of the week and
season. The ranges used are broad, and therefore the analysis is impre-
cise, but this analysis is often successful in determining when axle
sensor problems are causing errors in the classification process by
shifting some vehicles into other categories.

The final major test for classification data comes from an analy-
sis of the “errors” reported by the SHRP equipment. These errors are

2 Paper No. 98-1354 TRANSPORTATION RESEARCH RECORD 1625

reported to LTPP as “vehicles that could be counted but not classi-
fied” or “vehicles that could be classified but not weighed” (6). Typ-
ically, these values represent vehicles that changed lanes while
crossing over axle sensors of the data collection equipment.

Whereas the LTPP QC interface (5) ensures that calibration,
equipment, and system errors were detected, it does not flag erro-
neous data. The output from the interface is graphical, making it
difficult to correct these errors. Also, the interface can read data only
in the 1993 TMG format, whereas the data being collected follow
the 1995 TMG format. The LTPP QC interface has been written to
determine equipment malfunction and calibration errors and does
not address data quality issues. The procedure suggested by Han 
et al. (3) can be used to determine the quality of WIM data. These
are drawbacks of the LTPP QC interface in its present form. Also,
the interface is not designed to retrieve ATR, CAVC, or WIM data
based on month, year, site, and type of data required for analysis,
and for automatic vehicle classification. Other limitations of the
interface are as follows (2):

• Since it is based on GVW, it offsets the positive and negative
errors in individual axle-load measurements.

• It does not explicitly consider the extent of variation in dynamic
axle loads.

• It is largely subjective in determining whether a GVW frequency
distribution represents a significant departure from the expected 
norm at a particular WIM site, which makes it hard to integrate into
diagnostic software.

To correct the system errors, autocalibration routines have been
suggested (3), and methods for conducting quality assurance on
WIM data (2) have been designed.

DESIGN OF AUTOMATIC TRAFFIC DATA
MANAGEMENT SYSTEM

Figure 1 shows the complete flowchart of the automatic traffic data
management system, from data collection at the WIM/CAVC/ATR
stations to data storage, analysis, and reporting. The modified version
of the LTPP QC interface allows for flagging of the data and reads
the data in the 1995 TMG format. As shown in the flowchart, the
sequence of operations from data collection to data storage, analysis,
and reporting includes some additional data management system
activities. These include running the No. 4 Card and No. 7 Card data
through the Vehicle Travel Information System (VTRIS) (7), a pro-
gram developed by FHWA to validate and facilitate editing, sum-
marizing, and generating reports on vehicle travel characteristics.
Also, the original No. 4 Card and No. 7 Card data sets are sent to
SHRP for storage in the LTPP database. Whereas the modified inter-
face does not use the No. 7 Card data for the other new routines, the
original interface’s characteristics are used to determine the quality
of truck weight calibration.

The numbers in circles in Figure 1 provide the four-step data
management process. The circled “1” indicates that data from 
the ATR, CAVC, and WIM data polls are converted to No. 3 Card,
No. 4 Card, and No. 7 Card data files, respectively. If the data are
stored in files separated on the basis of site, month, year, and card
type, then the data are ready for analysis. If the data have not been
sorted on the basis of these criteria, an extraction routine is run,
and data are separated in files on the basis of site, month, year, and
card type.



The circled “2” indicates that once the data have been sorted by
site, year, month, and card type, the modified QC interface, called
QCM herein, is run and produces a graph catalog and a flag file,
aggregated files, and a No. 3 Card conversion file. These files are
described in the following paragraphs.

The flag file contains the errors in the data set that have been
flagged on the basis of equipment or system errors. Data records are
flagged because (a) volumes at 1 a.m. are greater than volumes at 
1 p.m., (b) the same volumes are “observed” for a continuous period
of 4 h or longer, (c) zero volumes are “observed” for a continuous
period of 8 h or longer, or (d) other data are missing.
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The preceding criteria were selected to flag records because the
LTPP QC interface (5) uses them as the basis to determine equip-
ment calibration and system errors, and it was decided at this first
phase of the project to make minimal changes to existing software
and to maintain the integrity of the original interface. As experience
accumulates, other modifications are expected.

Aggregated files: Four aggregation schemes were developed for
vehicle class analysis:

• Scheme 1: All 13 classes maintained individually;
• Scheme 2: Add Classes 1 through 3 and Classes 4 through 13;

FIGURE 1 Design of automatic traffic data management system.



• Scheme 3: Add Classes 1 through 3, 4 through 8, and 9 through
13; and

• Scheme 4: Add together Classes 1 through 3, 4 through 5, 6
through 8, and 9 through 13.

The routine creates all the four aggregation schemes, with erro-
neous data, and one file, with all 13 FHWA vehicle classes used as
an input for the next routine called PC_PSU. This routine allows the
merging of the aggregated file with the flag file and the lookup table
(for imputing missing data and correcting erroneous data) with vol-
ume distribution by class, time of day, and day of week to give a
clean data set needed for analysis.

No. 3 Card conversion file: The input data file for conversion
from No. 4 Card to No. 3 Card is created on the basis of the year,
month, day, and direction and lane of travel.

The circled “3” indicates that once the input file for the conversion
of the No. 4 Card data file to the No. 3 Card data file has been com-
pleted, the routine TMG3 is run. This creates a No. 3 Card data set,
and missing traffic data can be imputed to get a complete volume
data set.

The circled “4” indicates that once the data set is ready for aggre-
gation, it is run through the SPC_PSU routine to create the Scheme 1
file on the basis of a lookup table, the diagnostics files, and the 
missing data imputed. The file containing the suggested values for
each error diagnosed is run through the SPC_AGG routine, giving
aggregated files for the four schemes.

The automatic traffic data management scheme here also allows
use of the unmodified No. 4 Card and No. 7 Card data in VTRIS (7).

CORRECTION FOR MISSING 
OR ERRONEOUS DATA

In this section the routines to create suggested values for missing or
erroneous data are described. The CAVC data editing scheme with
provision for inputting suggested values is documented.

Recall that the QCM is used to first create the four aggregation
schemes as required by PennDOT (Schemes 1 through 4 as described
in the preceding section) and then to flag the data for errors on the
basis of the four criteria described in the preceding section. At 
this point in the process values need to be found for erroneous or
missing data items. They are produced in the form of suggested val-
ues that are reviewed and communicated to QCM concerning the
type of action to be taken. Table 1 gives the errors caught by the
QCM interface.
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Creation of the Lookup Table

The purpose of the lookup table is to determine the volume distribu-
tion by class, time of day, and day of the week. The lookup table was
also used in the edited No. 3 Card data file to impute the missing val-
ues. The No. 4 Card data from 1994 and from site SHRP No. 1 was
used to create a lookup table. The lookup table uses only the data
from the particular site and does not consider the surrounding sites
because of lack of such information. The procedure for creation of
the lookup table follows.

Step 1. From the yearly data file, a column containing the days
of the week was created. The date on which the observation was
recorded was used as a parameter to extract the day of the week.

Step 2. The proportion of vehicles for each hour of the day and
class of vehicle was calculated as a fraction of the 24 h of the day.
For example, if on the first day of the week at noon there are 
12 vehicles of Class 3 and the total number of vehicles for all 24 h
of the first day of the week is 480, the value in the cell for that par-
ticular class (i.e., Class 3 at noon for the first day of the week) 
is 12/480 = 0.025.

Step 3. Once the proportions have been created for the first day
of the week, the same process is repeated for the remaining days of
the week. This process can be done using any spreadsheet package,
such as Lotus 1-2-3 or Microsoft Excel.

Step 4. Once the proportions have been calculated for each day of
the week, they are put together, giving a lookup table based on day
of the week and time of day. The lookup table contains 14 columns
and 168 rows. The first 24 rows are for 24 h of the first day of the
week (Sunday), the next 24 rows are for the 24 h of the second day
of the week, and so on for all days in a week. Thirteen columns are
for the 13 classes of vehicles, and the 14th column is for the sum of
the first 13 columns. The 14th column data are used for converting
edited No. 4 Card to No. 3 Card.

Step 5. The table is saved as an ASCII (text) file so that it is
readable with other editors.

Table 2 shows a section of the lookup table. Figures 2 and 3 show
the total volumes per class by the day of the week and the logarithm
of total volumes per class by the day of the week, respectively, and
Figures 4 and 5 show the total volumes per class by time of day and
the logarithm of total volumes per class by time of day, respec-
tively, used in the creation of the lookup table. As new data become
available for each site, additional lookup tables will be created.

TABLE 1 Errors Caught by QCM Interface (Flag File with Diagnostics)



TABLE 2 Section of Lookup Table for Missing Value Imputation

FIGURE 2 Total volume per class by day of week.



FIGURE 3 Log (total volume) per class by day of week.

FIGURE 4 Total volume per class by time of day.

FIGURE 5 Log (total volume) per class by time of day.
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Error Data Suggested Values

In conjunction with the QCM two other routines were developed,
SPC_PSU and SPC_AGG, to remove the erroneous data and update
the original records. In addition, the data are aggregated in the four
schemes mentioned earlier. Figure 6 shows the flowchart of the
sequence of operations to update the four aggregation schemes with
suggested values.

After the QCM is run, it produces six files, one file containing 
the errors caught by the interface, one file for creating the No. 3 
Card data set from the No. 4 Card data set, and four files containing
the four aggregation schemes. The flag file with diagnostics and the
Scheme 1 files are run through the routine SPC_PSU along with the
lookup table with volume distribution by class, time of day, and day
of week. In the same routine the table format and header are created.
Details concerning the creation of the lookup table were explained ear-
lier. The routine is designed to give a file with suggested values. This
is accomplished as follows. When the flag file with diagnostics and the
Scheme 1 files are run through the routine, the routine looks for the
starting and ending time of the errors in the flag file. The routine refers
to the lookup table and suggests a value for the error on the basis of
the proportion for each class for the same time and day of week pres-
ent in the lookup table. A new file is created with suggested values for
the errors. The software is also designed to accommodate statistical
procedures that will be created in a future application for missing data
and the calculation of trends, cycles, and seasonality in the data.

Table 3 gives the aggregation scheme for CAVC with suggested
values. In the column labeled “error,” the number 1 indicates the
error caught by the QCM interface. If no change is needed (i.e., a
value can be accepted as is), the 1 should be changed to 0. ChangesFIGURE 6 Flowchart for suggested values.

TABLE 3 Aggregation Scheme for CAVC with Suggested Values



TABLE 4 Aggregation Scheme 1 for CAVC



can be made on an as-needed basis to reflect the nature of the data.
This allows any type of data editing (manual, semiautomatic, and
completely automatic) and allows for imputation of simulated data
(the suggested values). As Table 3 indicates, the suggested values
appear higher than expected. This is because the lookup table is site
specific, and the example uses the lookup table created from Site 1
for Site 5 data. After work on the file containing the suggested val-
ues is done, the routine SPC_AGG is run, and new files are created
for the four aggregation schemes. Tables 4 through 7 give portions
of the final aggregated files for the four schemes. The column “mark”
indicates the row for which suggested values were imputed or
changes were made by an operator.

CONCLUSIONS AND RECOMMENDATIONS

Whereas PennDOT collects data on site, volume, vehicle classifica-
tion, and weight, it does not have a system to retrieve data based on
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month, year, site, and type of analysis required. No system exists that
allows for retrieval of No. 4 Card on the basis of the type of aggre-
gation of vehicle classification required for analysis. In addition, no
routine is available to flag the erroneous data within LTPP QC that
gives the type and duration of errors in a numeric format and replaces
the erroneous data checking the performance of ATR and WIM sta-
tions. A system was designed that allows for retrieval of ATR, CAVC,
and WIM data based on month, year, site, and type of data required for
analysis and for the integration of ATR and CAVC data. The QCM

• Reads No. 3 Card, No. 4 Card, and No. 7 Card data in the 1995
TMG format;

• Gives an error flag file along with the time of occurrence of the
error;

• Aggregates the No. 4 Card data in four schemes for wider
analysis options; and

• Converts No. 4 Card to No. 3 Card for imputing missing daily
traffic.

TABLE 5 Aggregation Scheme 2 for CAVC



The SPC_PSU routine uses the lookup table to suggest values to
be imputed to the data. The SPC_AGG routine gives the aggregated
files, with the desired data, with or without errors at the discretion
of the operator, in four aggregation schemes. In addition, missing
data are imputed using ATR information.

Future research is expected in using time series for inputting
missing data and using the quality assurance methods (2,3) for
WIM data to obtain a totally automatic comprehensive traffic data
management system for analysis, storage, and reporting of traffic
volumes, vehicle classification, and weights. This, however,
requires first the collection of data at the various PennDOT sites
and then the creation of site-specific models that reflect cycles,
seasonality, and trends that characterize each site. The approach
taken here accounts for the diversity of traffic monitoring sites
(e.g., site-specific lookup tables) and attempts to integrate data on
traffic volumes, vehicle classification, and vehicle weights. In
addition, a data collection scheme to verify the sampling scheme
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and the data items needs to be designed along the lines proposed
elsewhere (8).
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